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SUMMARY
Between January 7th and 16th 2018, a mission of the Dutch Risk Reduction Team (DRR team, Annex
A) took place to Santiago and Copiapó, Chile. Support was solicited by the Government of Chile to
the Dutch Government to provide assistance in the evaluation of the planned works and the water
management of the catchment of Rio Copiapó, a river basin located in the Atacama region, in the
northern part of Chile.
The mission team was composed of four experts of the Dutch Water Sector (Annex B):
 Hans van Duijne – Team leader
 Ellen Bollen-Weide – Expert on water governance
 Marcella Busnelli – Expert on river modelling and forecasting of extreme events
 Hendrik Havinga – Strategic specialist on river management and spatial planning
The Netherlands Embassy in Santiago organized the mission together with the Director of the
Ministry of Public Works, Directorate General Water, MOP-DGA, and participated in most of the
meetings.
The main objective for the mission is to provide an advice to be better prepared for flooding and
mudflow disasters like occurred in 2015 and 2017 and to be able to control them in such a way that
no or minimum damage occurs. Although the DRR mission objective was to address the flood risk
reduction, the resilience towards the future with respect to water management comprising the
periods of drought appeared to be an important topic, reason why this has been addressed in this
report.
To achieve the main objective the DRR-Team collected the available information, visited the region,
met with the authorities, technicians, local engineers, researchers and stakeholders in the region. A
quick diagnostic of the challenges and opportunities was made.
The Copiapó region faces the following challenges:
• Reduction of the impact of floods and mudflows taken into account climate change.
• Improvement of flood risk management (structural and non-structural measures).
• Integration of surface and groundwater resources, overall insight in availability of water.
• Transparent and effective governance: an organization responsible for an integrated river basin
management
• Strenghtening appropriate knowledge and capacity on integrated water resources management;
from data gathering, analyses, modelling to measures, evaluation and governance.
After the flooding of 2015 the Ministry of Public Works and the Directorate General of Water of Chile
have taken immediate and short-term rapid no-regret actions to repair the damage and to mitigate
future flooding. The measures (structural and non-structural) are designed as a response to the
flooding occurred in 2015 and 2017. The DRR-Team appreciates the fast design and implementation
of the works done by MOP and DGA so far.
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The DRR-Team formulated the following main recommendations for further improvement and
development:
•
Complete the works under construction, the works in preparation and complementary works to
form a coherent system
•
Elaborate a Master Plan including a flood protection plan for the medium and long-term
including technical, institutional and relational aspects.
•
Apply a cost/ benefit analyses to define the return period to use as design standard, which can
vary for the different sectors of the river.
•
Develop an early warning system connected to floods and mudflows.
•
Integrate the management of the water resources (surface water and groundwater) in the
region for a better and more efficient water resources management and balance water supply
and demand.
•
Introduce an organization in charge of the integrated water resources management.
To implement these recommendations a common goal and roadmap needs to be elaborated.
Point zero

Some years

Midterm

Too little water: scarcity

Long term

shared

Too much water: mudflow

ambition

The shared ambition (goal) for sustainable water management, symbolized by ‘the oasis’, serves as a
target and focal point on the horizon. The figure expresses both the extreme events of flooding and
mudflows (brown line) as well as the more structural and actual challenge of drought (blue line). The
blue and the brown line merge into a green line later on in the process. This reflects the evolution
into the desired integral sustainable water management setting.
The DRR team suggests to follow the 3-layer-governance-model as a proven structure to design the
follow up of the mission and strengthen the cooperation and to start this process at the left side of
the above roadmap with three pilots.
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Pilot 2: knowledge of water system

Pilot 3: learning from emergency exercises

Pilot 1: setting up a platform

One is to set up a platform to discuss the governance of the basin, working on the relational layer is
the first step to take, a platform provides space to put everyone’s priorities on the agenda and keep
all on board. Setting up a platform to discuss the governance of the river basin to work step by step
towards an integrated management of the water resources. This step may show the importance of
involvement of stakeholders in the process and gives room to improve the water governance in
connection to resilience of water resources management, climate change and socio-economic
development scenarios.
The second one is to arrive at a shared information and knowledge of the physical system. Share and
improve knowledge on the natural physical system to create a solid trustworthy base for a better and
more efficient use of the water resources, now and on the long term. This pilot provides a solid
database, knowledge of the physical system and simulation models, which connects the water supply
and demand now and in future scenarios.
The third one connects the experience and the reality of emergencies. During the DRR-mission,
Chilean counterparts showed interest in a pragmatic way of solving the challenge of permanently
improving their crisis organization. These are common grounds of the Chilean experience connected
to earthquakes and tsunamis and would like to use this in combination with the Dutch experience
connected to floods, both adopted in ‘learning by doing exercises’.
As a result, from these steps a more detailed road map can be designed towards a common goal: an
integrated water resources management plan.
The preliminary results of the mission were shared with the regional and the national authorities on
water resources of Chile on January 12th 2018 in Copiapó and at the Ministry of Public Works (MOP)
in Santiago on January 15th, 2018.
The DRR Team would like to thank everybody who has made this mission possible and shared with us
their knowledge on the water system, the open conversations and the discussions related to the
challenges in Chile and in the Atacama region specifically.
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LIST OF ABBREVIATIONS
Abbreviation
AMSL
AoC
CAS
DGA
DMC
DOH
DRR
Dvia
EKN
ENSO
FEWS
ITA
iMOD
IWRM
JdV
Mesa de Agua
MOP
Municipio
NGO’s
ONEMI
PRC
PRdIG
PRDU
PRI
RVO
Seremi
Serviu
SiSS

Full text
Above Mean Sea Level
Association of Canalistas - a smaller water board than the JdV
Comisión de Agua Subterránea - Groundwater Committee
Dirección General de Aguas – Directorate General of water of the Ministry of
Public Works
Dirección Meteorológica de Chile – Meteorological directorate
Dirección de Obras Hidraulicas – Hydraulic Works directorate
Dutch Risk Reduction
Dirección de Viabilidad (of MOP)
Embassy of the Kingdom of the Netherlands
“El Niño” Southern Oscillation
Flood Early Warning System
Instituto Tecnológica de Agua (in preparation – name can change)
Groundwater Model base based on MODFLOW
Integrated Water Resources Management
Junta de Vigilancia: Water Surveillance Board
Water Communities: the smallest form of water board
Ministerio de Obras Publicas - Ministery of Public Works
Municipality
Non Governmental Organizations
Oficina Nacional de Emergencia del Ministerio del Interior y Seguridad Pública –
National office of emergencies of the Ministry of interior and public security
Plan Regulador Comunal – Communal spatial planning
Plan Regional de Infraestructura y Gestión del Recurso Hídrico – regional plan of
the infrastructure and water resources management
Plan Regional de Desarrollo Urbano – regional plan for the urban development
Plan Regulador Intercomunal – spatial plan between communities
Rijksdienst voor Ondernemend Nederland / Netherlands Enterprise Agency
Secretaría regional ministerial – regional ministerial secretariat
Servicios de Vivienda y Urbanización (regional representant of Minvu) – Agency
of housing and urbanisation
Superintendencia de Servicios Sanitarios – superintendence of sanitation
services
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1

INTRODUCTION

1.1

Background
The good bilateral relationship between the Netherlands and Chile, through the Embassy of the
Kingdom of the Netherlands (EKN) in Santiago, Chile, has been a motivation to enhance the
cooperation in the field of water management. At present, there are two Letter of Intents (LoIs)
between the Dutch and the Chilean government; one on water related issues and one on ports and
logistics. The LoI on water was signed with the Chilean ministry of Public Works (Ministerio de Obras
Publicas, or MOP).
The Chilean government became increasingly convinced of Dutch expertise in the water and port
sector. They strongly expressed the wish to cooperate with the Dutch government, research
institutes and companies. The Dutch expertise is based on a strong cooperation between these three
main pillars: Government, Research, Business, the so-called golden triangle.
In this respect a number of initiatives have started. One is the bilateral cooperation of a feasibility
study on Integrated Water Basin Management of the Elqui basin in the Region of Coquimbo (Region
IV). This study includes water basin management, water system knowledge with the application of
concrete methods/technologies on water quantity and water quality. Another initiative is to support
the MOP to set up a water institute as strategic partner for innovative and integrated river basin
planning. The third is an initiative to support the MOP in connection to coastal erosion close to the
municipality of Los Vilos in which the two governments agreed to join forces to find an effective
solution for coastal rehabilitation.
The fourth initiative in line with the LoI is the cooperation with the MOP on emergency response and
risk reduction connected to water resources and the natural system.
In this respect on the 30thof August 2017 the Government of Chili represented by the Ministry of
Public Works / Directorate General of Water (MOP/DGA) sent an official request to The Netherlands
for support for a DRR-Team. In this request, Chili asked for advice on flood risk and mudflow
management with regard to floods and flash floods in the arid region of Atacama, especially
focussing on the region of Copiapó.
Copiapó is situated in the southern part of the Atacama Region (Region III of Chile) north of the
Coquimbo Region. Due to the length of the country Chile has an wide diversity in climate and
hydrology . In the last years several extreme climatic events occurred: floodings, flash floods,
mudflows and droughts. In 2015 and 2017, two floods and mudflows occurred in northern part of
Chile (Region III).
In March 2015 extensive rainfall was measured in the Atacama region. The precipitation was almost
50 mm, which is nearly 3 times the mean annual average (17,1 mm), which fell in a timespan of a
few hours. The affected larger cities were Copiapó and Chañaral. The second disaster in the area
struck the Antofagasta region in August , with 16,0 mm of precipitation, 20 times the mean annual
precipitation (0,8 mm).
In May 2017, another flood hit the Atacama region and again damaged the cities Copiapó and
Chañaral .
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Besides the floods, also the drought affected the regions due to changes in the upper mountainous
regions. The last years, drought has affected the northern and centre zones of Chile, resulting in a
severe drop in reservoirs and groundwater levels and therefore the water availability for the region,
which has an intensive export oriented agricultural and mining industry.
Disasters like the floods and mudflows are related to extreme weather events, which occur
unexpectedly, and consequently are seriously destructive: fatal casualties, damage to houses and
basic services, infrastructure (roads, electricity, sanitation, communication), causing the isolation of
the affected areas, deterioration of the productive capacity, causing unemployment an enormous
economic loss to the region.
It is expected that these extreme events become more frequent in the future due to climate change.
Chile’s intention is to deal with the water-related issues not as an exceptional event. Therefore the
Chilean government expressed the need to be better prepared to these phenomena and
acknowledge the fact that it requires a more strategic water resources program, improve policies, be
better prepared, start strategic cooperation, implement prevention measures, and appropriate
institutions to address these events in a coordinated and timely way.
1.2

Objectives
The main objective for the mission is to provide an advice to be better prepared for the flooding and
mudflow disasters occurred in 2015 and 2017 and to be able to control in such a way that no or a
minimum of damage occurs. In consultation with the national and regional Chilean counterparts, the
main topics to assess during this DRR mission are:
1. Flood Early Warning systems to prevent or minimize the damages occurred by the disasters like
2015 and 2017.
2. Reduce the impact of floods and mudflows taken into account the challenges associated with
climate variability / change that increase the resilience of the area (e.g. by increase temporary
water storage, prevent erosion, integrated water resource basin management, land use
planning etc.).
3. Review if measures taken or in preparation are sufficiently effective.
4. Review and give an advice on how water governance can be improved taking into account the
Chilean local setting (institutional coordination, communication, institutional embedding division of tasks and responsibilities -, spatial planning, finance, emergency plans, etc.).
Towards the future there is a long-term ambition to make the region, or regions like Atacama, more
resilient in the light of the social-economic and environmental development of the region, for
instance by increased reuse of water, storage of water for the periods of droughts and integrated
water management. The advice of the DRR team needs to fit within this long-term ambition. So,
although the DRR mission is about flood risk reduction, the resilience towards the future with respect
to droughts is also a serious topic, reason why this also has been addressed in this report.
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The focus of this DRR Team mission is the region of Atacama. It is clear that not only the Atacama
region was effected but also adjacent regions. Therefore the DRR Team presents its advice
specifically focused on the Atacama region with a perspective on a general level to make upscaling of
the advice and follow up possible. It was agreed to carry out a DRR scoping mission that focuses on
an advice regarding water system related problems associated with the Rio Copiapó Basin.
This report contains a description of the region, an inventory of the meetings and field visits held in
the week 7 to 15th of January 2018 to Santiago and the Copiapó river basin. The report highlights the
DRR team’s main findings and recommendations and gives suggestions for next steps and initiatives.
1.3

Approach of the mission
The approach of the mission to achieve above objectives is as follows:
1. Collection of available information, visit and recognition of the region and Copiapó river as a
whole, including not only structural aspects but also environmental, social and economic
aspects;
2. Meetings with the authorities, local engineers and other stakeholders;
3. Prepare a quick diagnostic of the challenges and opportunities that should be addressed. These
challenges/opportunities are structured within the framework of “Water Governance” as
described by the Netherland Water Governance Centre, consisting of three different levels
(Content, Institutional and Relational);
4. Give recommendations to address the challenges/opportunities defining actions as immediate
(now), short term (1-2 year), mid-term (2-4 years) and long term that benefit from international
experience (Chapter 5).
In this report, the findings and recommendations of the DRR-Team are presented. These are based
on the information that was made available to the team and discussions held with authorities and
stakeholders. During the six-day visit to Chili recommendations are made which are based on the
collected information, however, further detailing is needed by MOP and DGA. Due to the limited
time available and the enormous amount of relevant information, which was made available, the
team could not check all the works in detail. This prevented a thorough review of the executed works
(objective 3). Without doubt certain aspects have been overlooked, so certainly, the
recommendations can be deepened and the analyses can be further detailed (Chapters 4 and 5
present starting initiatives). However, at this moment more general lines of development can be
identified and this advice will therefore address these. These development strategies can be used as
a guideline for further integrated water management. Within these development strategies, the
measures to control floodings and mudflows can be fitted in the set of structural measures and apart
from that also non-structural measures can be recommended. After agreement on a certain
development strategy, the different elements of the chosen strategy can be identified and
subsequently detailing of measures can start.
The program and meetings were organized (Annex C) and oriented to accomplish the above
objectives during the mission. A description of the approach (step 1 and 2) is included in Chapter 2
where the region and its challenges are described. Chapter 0 presents the quick diagnostic (step 3)
and Chapter 4 gives the recommendations (step 4). Chapter 5 proposes an approach and follow up
initiatives.
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2

THE REGION AND CHALLENGES
This chapter describes in short the situation of Chile and in particular of the Copiapó River Basin. The
upscaling of the advice to other river basins needs to be carefully evaluated before applying it to
other regions since the variability is very wide). For an extensive study of the Copiapó River Basin
reference is made to: Informe Final –Memoria 56008-MOP-COP-100-08 Cuenca del Río Copiapó,
Región de Atacama. Only limited basic information is mentioned in this report. More in-depth
information can be found in the References.

2.1

General description
Continental Chile has a long latitudinal extension (more than 4000 km) and is divided into 15
administrative regions, each headed by a President’s appointed Intendant (Figure 2-1). The regions of
Chile are further divided into provinces headed by a governor. The provinces are divided into
municipalities. The municipalities that are governed by elected mayors.
The national territory is composed by around 101 main hydrological basins, with more than 1200
rivers. The geography of the country is mainly dominated by steep mountainous terrains, with only
around 20% of the continental territory being flat (Valdes-Pineda et al, 2014).
Considering all climatic factors and meteorological characteristics, three large climatic zones can be
distinguished in Chile: the northern desert zone, the central Mediterranean zone, and the humid-cool
southern zone (Figure 2-2 shows precipitation and relief and Figure 2-3 indicates the three regions).
The northern desert
Chile’s north is dry and arid, with sunny dry conditions for most of the year. The Atacama Desert is
one of the driest places on Earth. It has some of the world’s lowest amounts of rainfall and highest
levels of solar radiation, blocked from moisture by the Andes Mountains on one side and by the
coastal range on the other.
Besides the lack of rain, the Chilean desert is characterized by relatively moderate daytime
temperatures, during the night temperatures may approach the freezing point. It is reported that the
interior of the Atacama Desert receives the highest solar radiation in the world.
Mediterranean central Chile
The climate of central Chile is characteristic of mid-latitudinal temperate areas. The seasons are well
accentuated. Winters are cool and humid as a consequence of continuous passages of fronts and
depressions; cloudy days are common. In spring, when there are fewer fronts and the depressions
vanish, steady southwest winds and clear skies dominate. During summer, when anticyclonic
conditions are established, the days are warm, though not stifling, and without rain. These weather
conditions are ideal for the Mediterranean agricultural products that grow so well in central Chile,
such as grapes, peaches, plums, honeydew melons, and apricots. Autumn is still sunny and dry,
suitable for the ripening of grains, mainly wheat, and vegetables. With the onset of winter, the fronts
and depressions return and the accompanying rains last from May to August.
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Southern Chile
Annual rainfall in Southern Chile is high in comparison to other parts of the country (e.g. the
Northern Zone). Most of it occurs during winter. In the South-Central regions of Chile, hydrologic
regimes are influenced by both snow and rain, and have smaller springtime flows than in the North,
but larger streamflow rates during winter. In the South, streamflow volumes are larger because of
frequent rain and the regulatory effect of numerous natural lakes existing in the region, through
which rivers usually flow. In Patagonia, rivers generally originate from the extensive glaciers on the
western and eastern slopes of the Andes and run through fjords before reaching the Pacific Ocean.
The regions face common challenges: flooding and droughts. Though droughts are more relevant to
the Northern region, other regions have been facing dry years as well. In the future and due to
climate change more extremes (dry and wet periods) might occur which will affect also the Central
and Southern region. Furthermore in the South also mudflows have occurred. Therefore the general
recommendations made in this study by the DRR-team can be upscaled to the other regions in Chile,
however more specific recommendations need more local information.
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I. Tarapacá.
II. Antofagasta.
III. Atacama.
IV. Coquimbo.
V. Valparaiso.
VI. Libertator General Bernado
O'Higgens.
VII. Maule.
VIII. Biobio.
IX. Araucania.
X. Los Lagos.
XI. Aysén del General Carlos
Ibáñez del Campo.
XII. Magallanes y la Antártica
Chilena.
XIV. Los Rios.
XV. Arica y Parinacota.
RM. Región Metropolitana de
Santiago.

Figure 2-1 Administrative Regions of Chile (left figure includes also the capital of the region)
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Figure 2-2 (a) Shaded relief map and precipitation in the central and southern Andes and adjacent areas (WMO 1975).
Sediment-fill thickness in trench from Bangs & Cande 1997. (b) Shaded relief of the central and southern Andes.(Source:
Strecker & Alonso, 2007)
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Copiapó
River Basin

Figure 2-3 Source: Atlas del Agua, Chile 2016 (Dirección General de Aguas, Ministerio de Obras Públicas). Large climate
zones in Chile: Left top: Northern zone, Right top: Central zone and bottom part the Southern zone.
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2.2

Present governance system in Chile and its challenges
The main organization of the central government is the General Directorate of Water (DGA), which is
one of the departments under the Ministry of Public Works (MOP). Other public bodies that have
greater participation in the management of water resources like the Directorate of Hydraulic Works
(DOH), the Superintendence of Health Services (SISS), both dependent on the MOP, and the National
Irrigation Commission (CNR), under the Ministry of agriculture (MINAGRI).
In each region there is a regional government, led by an Intendant, which is subdivided into
provincial governments and led by their respective governors. The Intendant is appointed by the
president of the Republic, and therefore exercises his functions during the term of said president.
Strategic actions are prepared in Santiago. The ministerial departments have regional offices and
share the water management with decentralized water management organisations.
Decentralized water management: private organizations.
The decentralized administration is assigned to user organizations. These organizations, with or
without legal personality, are regulated in the Water Code. Its main objective is to manage the water
sources and the works through which they are extracted, captured and / or conducted. The Water
Code also describes the distribution of water about its members, and resolve conflicts, mutual and
between them and the organization.
Three types of user organizations are defined, differentiated according to their jurisdiction
depending on the size of the area involved:
·

·

Water Surveillance Boards (Juntas de Vigilancia): Their jurisdiction in a whole basin or
hydrographic basin, or an independent section of a natural current (Amendment to the
Water Code 1981).
Association of Canalistas: Act on the flow of the water distribution system (channels).

The administration and distribution of water, is regulated by water rights that cover the water use
from surface water sources. Private water users (with water rights) are in majority organized in the
above mentioned private organizations. They work independently in the different basins, according
to their own statutes.
It is worth mentioning that in situations of extraordinary drought, the Water Surveillance Boards may
lose autonomy, and the DGA has the power to intervene in the distribution of water. The
extraordinary droughts are then declared by the DGA, and areas of scarcity (presidential decree) can
be appointed. So the DGA has the power to intervene in the distribution of the available water,
suspending the powers of the Water Surveillance Board.
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The many organisations cover a part of the water infrastructure and management, but not
completely. For example a dam and reservoir is implemented by the Ministry and after some time
the operation of the reservoir is handed over to the Water Surveillance Board. The Water
Surveillance Board, however, is only responsible for the water distribution and not for the
maintenance of the works. Neither for the emergency operation of the reservoir and planning like
lowering the water level of the reservoir when heavy rainfall is expected. It appears that some of the
major stakeholders like municipalities, the Water Surveillance Board, drinking water companies and
farmer associations, have not been involved in the preparation of emergency works. The same holds
for universities and knowledge institutes.
It can be concluded that communication between the governmental and private organisations is not
optimal, also the different roles and responsibilities are not clear. These aspects of water
management are important points of attention. Figure 2-4 shows the main obstacles for coordination
at territorial level are mentioned by the OECD (2013) (Akhmouch, 2012). The Copiapó region can be
considered as rural area.

Figure 2-4 Country profile Chile: obstacles to capacity building and coordination at territorial level (OECD, 2013)

2.3

Copiapó river basin

2.3.1

General

The Copiapó river basin is located in the Atacama region in the Northern of Chile (Figure 2-1).
Copiapó is a commune and city of Chile, the capital of the homonymous province and of the Region
of Atacama (Region IV), with a mining tradition since its origins. It is known for being an oasis where
the desert flourishes, and for having in its valley the first export of grapes from the country, which
brings great benefits to it. The commune has an area of 16,681.3 km2, and together with Antofagasta
and Natales, it is one of the only three Chilean communes that crosses the country completely from
east to west. The city is located at an average of 391 meters above sea level. Together with Caldera
and Tierra Amarilla, it forms the province of Copiapó. The commune borders to the North with the
commune of Caldera, Chañaral and Diego de Almagro, to the South with Vallenar and Huasco, and to
the West with the Pacific Ocean, and to the East with the Argentinian provinces of La Rioja and
Catamarca.
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Figure 2-5 Copiapó river basin

The city of Copiapó, with approximately 160,000 inhabitants, is the administrative capital of this
Chilean Region III (Figure 2-1).
The study area within the Copiapó catchment is intensively exploited by mining activities. However,
in past years the landscape has increasingly been used for agricultural purposes. Vineyards for grape
production are irrigated with water from the Copiapó River and from groundwater sources. The
agricultural activity is mainly focusing on the flat valley bottoms, as well as on drainage lines that
become active in cases of precipitation events.
In this arid region, groundwater plays an important role. Most aquifers in the Atacama Region are
located in the fluvial valleys. Natural aquifer recharge is mainly provided by precipitation and surface
runoff infiltration during snow melting season (Valdez-Pineda et al., 2014).
Economy’s growth during the last few decades has resulted in increasing demands of both surface
and groundwater resources. Water demands are larger than the availability (Ayala, 2010 cited by
World Bank, 2011). Groundwater withdrawals were non-significant before 1990; however, the
evolution of granted groundwater rights between 1990 and 2011 has increased when comparing the
last two decades. These rights are in general not managed by the Water Surveillance Board and again
separate organisations have been created.
As indicated before the Water Surveillance Board is responsible for the water distribution of surface
water with their water user community who own the water rights. In many cases, the groundwater
extraction is not considered as part of their mandate.

DRR-Team MISSION REPORT
Chile

April 2018

- 21 -

The JdV is not responsible for the maintenance of the water channels and reservoir. Maintenance is
very important, in view of the clogged river beds and accumulated debris that caused damage during
the flood in 2017. Houses and infrastructure were damaged or completely lost.
2.3.2

Floods in 2015 and 2017

Despite of being located in one of the driest deserts of the world, the Atacama region has been
flooded several times during the 19th and 20th century. The Atacama Desert has recently suffered
catastrophic flood events. The last of these recorded events occurred in March 2015 and May 2017.
Floods back in March 2015 were among the worst recorded. Figure 2-5, Figure 2-6 and Figure 2-8
show the contrast: the river without flowing water (most of the time) and under extreme flooding
events.
During the severe rains that occurred between May 12 and 13, 2017 in the Atacama Region the
usually dry Copiapó River experienced a fast increase of discharge. It caused the historic centre of the
city of Copiapó to flood and resulted in thousands of affected buildings including the University of
Atacama.
The effects of the most recent event in 2017 were milder than in 2015 as no casualties occurred. The
time frame to repair the damage of the 2015 was simply too short to prevent damage caused by the
2017 flood.
During these last events, streets where filled with torrents of mud- and sand-laden waters, with
debris caught up in the mix too. Once the waters receded, a thick bed of randomly assorted grains of
sand and debris deposited over the riverbanks and parts of urbanized areas.

Figure 2-6 Dry Copiapó river on 22 March 2015
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Figure 2-7 Copiapó river, 25 March 2015

Figure 2-8 Copiapó river 25 March 2015

The department of hydraulic works (DOH) of the Ministry of public works (MOP) estimated necessary
to develop comprehensive studies of the basins of the region of Atacama to characterize the
phenomenon that caused floods and mudflows that occurred on 25 and 26 March 2015 (Figure 2-9
and Figure 2-10). Information was collected of the damage to public and private infrastructure in all
sectors affected.
The study had two distinct lines of work, i.e. the hydrological analyses and the register of damage.
The first aimed to characterize the phenomenon and to identify the return period and the second
refers to the acquisition of information concerning the damage. The flood in 2015 was characterised
by the following factors (DOH, 2016):
 Unusual intensive precipitation in combination with a high level snow line. The snow line was at
a high altitude (end of summer). It has been estimated that because of the record high
temperatures during the rainstorm to lie around 3,500 m above sea level. If the rain storm of
March 2015 event had been with a snow line at a lower altitude like 2,000 m, the peak discharge
of Paipote river basin would have been 4 times lower. In Cerrillos, the peak discharge would
have been 3 times lower, not generating floods nor the production of high concentration of
sediment.
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The availability of sediment on the slopes of the hills of the basin is abundant, due to the typical
desert geomorphology and the absence of vegetation and lack of previous rainfall.
Due to the rarity of rainfall in this area a lot of premises, infrastructure, debris, agricultural and
industrial activities, etc. in the natural streams, riverbeds and riverbanks were present, which
caused a high level of damage
The upstream debris obstructions, slope landslides and debris have generated temporary
blockades and backwaters of the streams and flood ways. Once the water pressure gets too high
these obstructions collapse and the accumulated volume of water cause a very destructive flood
wave.
The tremendous increase of the discharges (liquid and solid) mobilized large blocks, rubble,
scrap, furniture, tanks, vehicles, etc.

The peculiarity of this type of phenomena in desert areas mudflows presents a technical difficulty.

Figure 2-9 Mudflow “Quebrada” Cerrillos with damage and human losses in Tierra Amarilla (Source: DOH, 2016)

Figure 2-10 Mudflow “Quebrada” Paipote with damage and human losses in Copiapó (Source: DOH, 2016)
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Figure 2-11 Illustration snow line 27 March 2015 – Red spot at 3,300 amsl (Source: DHO, 2016)

Figure 2-12 Illustration snow line in March 2017 and May 2017 (Source: Garreaud, DGF-CR2, Universidad de Chile)
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On 11, 12 and 13 May 2017 unusual rainfall in the area in the North of the country took place, which
led to floods. Estuaries and dry streams changed to wild streams containing a lot of detrital material,
affecting the towns of Tierra Amarilla, Chañaral and Copiapó, the whole of the Atacama region, and
flooded several urban and rural towns. The upcoming event was announced to the regional
authorities in advance by the DMC, and procedures were promptly activated to reduce the negative
effects on the regions. Technical meetings of coordination between “Oficina Nacional de Emergencia
del Ministerio del Interior y Seguridad Pública” (ONEMI) and the technical bodies of the national
system of Civil protection, were carried out to review the history of involvement and to define
courses of action. Regional technical coordination and evaluation meetings were held with their
respective regional Civil protection systems. One of the measures taken by the authorities was to
perform the preventive evacuation of areas. As the scope of the impact of the phenomenon was
known, the regions of Atacama and Coquimbo were declared disaster areas. By presidential decree,
an exception rule was issued to solve the problems of the affected areas, giving the Ministry of public
works authority to contract consultants and contractors to do the consulting and implement the
(emergency) works. These works also include the emergency intervention, clearing and cleaning of
sewers, channels, streams, roads and streets in urban and rural areas, necessary given the magnitude
of the catastrophe.
The magnitude of the damage in 2017 was less than in 2015. This might be related to the fact that
the snow line was lower in May 2017 than in March 2015. Figure 2-11 illustrates the snow line in
March 2015 (end of summer, high temperatures) and Figure 2-12 in March 2017 (end of summer,
high temperatures) and May 2017 (middle autumn, low temperatures). The catchment area was then
larger in March 2015 than in May 2017. Furthermore and due to the disaster in 2015, measures to
reduce the damage were taken such as cleaning and excavation of river beds.
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3

ANALYSIS AND FINDINGS

3.1

Introduction

The program of the mission was defined by the MOP, the Dutch Embassy and together with RVO and
the DRR-Team (see Visiting Programme Annex C). During the field visit the DRR team visited the
locations indicated in Figure 3-1 and the works comprising the ones mentioned in Figure 3-2.

Copiapó

Copiapó rural

Paipote
Tierra Amarilla

Tierra Amarilla

Paipote

Copiapó urbano

Los Loros

Figure 3-1 Copiapó river basin and main points of attention
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Figure 3-2 Conceptual model of the Rio Copiapó with six main no-regret measures

In this section our observations, findings and analysis of the challenges and opportunities for the Rio
Copiapó basin , as well as individual recommendations are presented. Some of them are connected
to floodings and mudflows, others are connected to the increasing periods of drought. Although the
DRR mission was about flood risk reduction the resilience towards the future with respect to
droughts is also a serious topic. The recommendations are connected to the objectives of the mission
(see page 10), in some cases to more than one objective. The recommendations in connection with
the objectives are indicated with e.g. Recommendation 1 with Objective 3 (R1-O3) or
Recommendation 2 with Objective 1,2,3 and 4 (R2-O1,2,3,4).
Sustainable flood management of rivers has to be realised within a long-term vision using a strategy
and an integrated approach, as every river measure may give opportunity to, or restrict, competing
interests. In this way unexpected negative effects on the river system, on ecology and on society can
be better dealt with. An integrated approach facilitates both a reliable and robust infrastructure for
flood management. This integrated river basin management system needs to be implemented with
different aspects: contents wise, institutionally and relationally.
An integrated approach to structure the challenges and opportunities is followed within the
framework of “Water Governance” as described by the Dutch Water Governance Centre (Figure 3-3).
It consists of these three different levels: Technical (or Content), Institutional and Relational which put together – is the base to achieve good water management. The different levels of the three-layer
model of water governance are introduced below.
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Figure 3-3 Levels of water governance

In the next paragraphs this 3 layer approach will be explained in more detail. In short these layers can
be described as follows:
Technical or Content layer: knowledge of the water systems and of the problems, data base,
experience and skills required to solve the water problems are essential. However, this is not enough
to achieve good water management. An adequate organizational framework together with the
necessary legal instruments and a good financing structure are fundamental requirements for
successful integrated water resources management (the Institutional layer).
In addition to that is the Relational layer. Important elements of this layer are communication and
cooperation between different stakeholders, stakeholder participation, transparency and trust.
The different levels of the three-layer model of water governance interact with each other.
Knowledge of the water system (content) is essential, but if legislation (institutional layer) lacks (e.g.
to enforce effective use of water resources) the governance of water will not be very effective. In
addition, the affected people should understand the meaning of legislation (relational), in order to
act accordingly.
The diversion and energy dissipater measures to safely discharge mudflow from the hill slopes are
taken as an example. It appears that urban development has taken place (sometimes illegal) in the
flood ways. Of course, this creates a dangerous situation during floods. The content (technical
solution) is all right, however authorities can improve the legal and communication aspects
(institutional and relational) considerably.
Another example is the management of the reservoir level to anticipate a high inflow of water
because of heavy rainfall (content). The responsibilities between the governmental and private
organisations was not clear (institutional) and therefore the instructions to lower the water level of
the reservoir has not been timely received by the adequate party (relational), thus no measure was
taken in time.
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The third example can be given that deals with water scarcity. The Water Surveillance Board
considers the seepage from the surface water into the groundwater as a ‘water loss’ (technical,
content), because they have no mandate in the water distribution from groundwater resources
(institutional). However, the water distribution from both surface and groundwater sources in other
river basins is interpreted wider by the stakeholder organisations, and this is something to discuss
(relational). So, overall water management is required (R1-O1,2,3,4).
Concluding: when implementing an integrated water resource and flood risk management plan,
these three layers should be taken into account in all its stages of development. If not all these levels
are sufficiently considered the plans might be not effective in the short or long term. The Water
Governance Center provides questionnaires connected to the three layers of the governance-model.
They can easily be used in e.g. workshops to identify which aspect in one of the three layers forms
the major obstacle in the case studied. Thereafter, an adequate approach focused on eliminating the
identified obstacle, can be developed.
3.2

Content layer (knowledge, experience,skills)

General
In relation to the content layer the following technical aspects are distinguished:
- Hydrology, Hydraulics, Sediment, Geohydrology and Morphology
- Flood risk management: structural and non-structural measures
- Integration of surface and groundwater resources
- Capacity building
The findings are based on existing reports made available to the DRR-Team, the visit to the Copiapó
river basin and the meetings with engineers and authorities involved in the design. The main report
used is of DOH, 2016 in which the studies after the disaster in 2015 are reported. The report
describing the analyses after the flooding in May 2017, including the planned works was not made
available to the DRR-team.
3.2.1

River system (Hydrology, Hydraulics, Sediment, Geohydrology and Morphology)

The report of DOH 2016 is an extensive study and was carried out in order to quantify the water and
solid discharges that occurred during the event in March 2015. For each catchment area of the river
basin the discharges were obtained with indirect methods such as the unitary hydrograph to obtain
the water discharge. Furthermore, the return period of the event in March 2015 was obtained on the
basis of different approaches: analysis of the precipitations, analysis of the discharges and a
probability analysis of the combination of high precipitation and a receding snow line. This last
approach was required since it became clear that the precipitation values were not as extreme as
expected. However, what made the event extreme was the combination of precipitation with a snow
line at a high elevation, and thus during a warm period. When the combination is taken into account
the probability of occurrence (return period) of the event (flood discharge) is 1 in 100 years. This
return period of 100 years was obtained based upon the data until 2014, and thus without inclusion
of the events occurred in 2015 and 2017.
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After the event in May 2017 the statistics of the discharges has been updated and the return period
of the event in March 2015 and May 2017 was reconsidered. This study and the outcome was not
made available to the DRR-team. In the past similar events have been reported, however no
measurements were taken. The events where reported by people in the region and in old reports.
Due to the absence of measurements it is difficult to distinguish between the statistical analyses of
the natural characteristics of the flood discharges, the influence of climate change and human
interventions on the discharges. A longer period of measurements might also influence the analysis
of the extreme values. Therefore the variation (increase or decrease) in the discharge for instance for
a return period of 100 years should be related to an update of the statistics due to a longer period of
measurements, including at least the 2015 and 2017 floods. Therefore, an important
recommendation is to check the flood discharge with a return period of 100 years with updated
historical records (R2 – O2).
In the future and due to climate change but also due to human activities, for instance change in land
use, the discharges related to a certain return period might change. A second recommendation in
this respect is to estimate the future flood discharge with a return period of 100 years, using a
stochastic analysis, taking into account climate change and future social-economic developments of
the region (R3 – O2).
Furthermore and due to the torrential characteristics of the streams in the region, the discharges are
not measured during the floods but they are estimated by indirect methods. Indirect methods are
based on physical parameters of the basin (hydrologic, hydraulic, geologic, geomorphological, type
and soil use) and empirical parameters, which need to be calibrated and validated.
The two recently registered extreme events in 2015 and 2017 need to be used to calibrate and
validate the hydrologic, hydraulic and morphological models of the river (R4 – O2). Because of the
fact that a large volume of sediment (mudflow) has been transported, the regular use of a specific
mudflow model is advised. Models help to understand the mechanism of the system in combination
of and adjusted to the experience of the local engineers and people living in the region in order to
improve the model for the specific setting. Furthermore the adjusted models can be applied (after
calibration and validation) to predict the behaviour of the system (inundation areas and
characteristics of the flooding such as velocity, water depth) equipped with measures such as
hydraulic works (R5-O2). In this way the effect of the works can be quantified and a social
cost/benefit analysis can be carried out (see also Chapter 4.1.2.2.).
After validation the models are also a useful tool to check the reliability of measured data, to (re-)
design the monitoring network, to make forecasting for an early warning system, to illustrate the
effects of measures to people in a friendly manner (visualization of results, interaction with different
actors) and to develop an emergency plan.
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Our findings are summarized as follows:
 An extensive study of the river basin (DOH, 2016): hydrologic, hydraulic, geological,
geomorphological and sedimentological, has been carried out.
 Understanding of the fluvial system is based on experience after the events of 2015 and 2017.
 The design of the discharge stations have been reviewed and improved with new technologies
after they were destroyed in 2015. We observed some of them under construction.
 Application of hydrological, hydraulic and morphological models. For example the commercial
package Flo-2D was applied to predict the flow of water and sediment and the morphological
developments.
 There are models and information that could be applied to evaluate new alternatives for an
integrated management of water resources in the basin to take into account for the mid- and
long term.
 It has been mentioned that regional groundwater models are applied on specific downstream
areas (sectors 5 and 6) of the Copiapó basin.
 The interaction of surface and groundwater system has not been modelled in order to manage
the water resources for industry, agriculture and urban use.
 The purpose of the dam “tranque” and reservoir ‘Lautaro’ and the volume regulation is for
irrigation use and not intended explicitly for the attenuation of floods. In the design of the new
works to mitigate floods, it has been assumed that the Lautaro reservoir will also have the
function to attenuate floods to protect the downstream river section of the reservoir. It is not
yet formally considered that the management of the reservoir also includes the control of water
level and volumes of the reservoir (R6 – O1) to attenuate floods.
 New river discharge gauging (measurement) stations are being constructed (Figure 3-5) for
average river discharges.
 At present the Lautaro reservoir has less of its water retention capacity because of the
sedimentation of reservoir. The control of inflow of sediment and the maintenance is a
challenge (Figure 3-4), (R7 – O3).
 The high permeability of the reservoir and seepage to the subsurface has been mentioned as a
loss of water into the subsurface. It is clear that this groundwater is not lost but actually used in
the downstream part of the Rio Copiapó and used as groundwater resource
 The monitoring system of the reservoir water level during extreme events like in 2015 and 2017
and the communication with the Ministry of Public Works and ONEMI caused confusion on who
has the mandate to instruct to open the gates of the reservoir in case of emergency and on the
basis of which data.
 The hydrological situation of the region is unique: most of the time the region suffers from
shortage of water, but at the same time extreme events can cause large flows of water and
mud. The dry eroded fine grained soil surface, formed during a long period of time, will mix with
the precipitation and form a mudflow. It seems impossible to limit the volume of mud, gravel
and rock that will be absorbed into the mudflow, regarding the nature of the land. However, the
discharge of this mud to the downstream part of the river and creeks can be reduced by
constructing more sedimentation pits and creating sufficient open space for discharge (R8 – O3).

One of the main problems is the clogged channel beds and accumulated debris. Removal
(dredge) needs to be a regular maintenance operation. . Timely clearance of these areas from
material and goods will reduce the debris carried downstream (R9 – O3).
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Lautaro reservoir (left: reservoir; right: view of spillway and downstream of the reservoir)
Figure 3-4. Lautaro reservoir

Energy dissipater

Sediment trap and hydraulic work

Discharge measurement station (under construction)

“Quebrada” Paipote

Figure 3-5. Some photos during the field visit
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3.2.2

Flood risk management: Structural and non-structural measures

The objective of any risk analysis (such as flood hazard mapping) is to support decision making.
Effective flood risk management can only be achieved on the bases of reliable flood risk analysis. An
important outcome of any risk analysis is to make a rational decision about whether a risk is
acceptable or not. In order to do that, the probability of possible events must be known as well as
the consequences of the events, the costs and benefits of measures to reduce the risk, not only
financially, but also ecologically and socially. Measures can be taken to reduce the probability of the
event of flooding, for example by structural measures such as flood defences, but also to reduce the
consequences of the event, for example by non-structural measures, such as early warning systems
to warn the citizens
During the mission, the following observations are made:
 Structural and non-structural measures have been taken promptly after the flood of 2015 and
the design of the hydraulic works for the mid-term have been planned, designed and
constructed within 1,5 years, which is an accomplishment. The prompt execution of these flood
alleviation measures is considered very positive. The works under construction still should be
completed though. In the coming years the effectiveness of these works should be analysed,
together with the possible extra measures, needed to cope with the chosen return periods (R10
-O3). These extra measures together with the implemented structures need to form one system
of measures where one depends on the other. This needs to be prioritised and implemented as
well (See also the ‘Blokkendoos approach’ in Appendix E).
 In the definition of alternatives and variants, the main objective of the measures is to reduce
risks, which has been defined but other secondary objectives such as improvement of landscape
and recreation were also considered in their evaluation. Figure 3-6 shows the recreational use of
the floodplain.
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Figure 3-6 Recreation and landscaping in the floodplains of the Copiapo river (“parques”)



For the design of the works a period of recurrence of T = 100 years is applied, as specified by the
norm in Chile. It was not based upon a social cost/benefit analyses (Chapter 4.2.2.2. deals with
this item).
Damage was based on the current situation of urban, industrial and rural land use. In the future,
and because of the works that need to be further developed into an integrated set of measures,
the measures need to be planned jointly with the future regional development. The land use
and the activities in the region are likely to intensify and this will likely increase the
risk/vulnerability to floods. The protection level of an area depends on the impact of the flood
and the related return period. This needs to be developed and regularly updated (R11-O3).
The creeks so-called “quebradas” are increasingly used for agricultural purposes; These
quebradas and open downstream areas are meant to discharge the water and mudflows into
the main river. However, when the river bed and quebradas between the hills are usually dry,
they are often occupied by houses and other constructions, while here also agriculture is
practiced. These interventions reduce the natural overland runoff of water and sediment. This is
one of the main causes of uncontrolled runoff, which causes damage.
The following measures are applied but their potential application depends on the location in
the water basin. The measures have been considered taking into account the special conditions
in the water basin, main river, tributaries, gullies and local situation (see Figure 3-5):







o

Widening of the channels

o

Sediment control dams

o

Energy dissipaters

o

Stabilization of slopes

o

Reduction of the slope of the channels (in torrents)

o

Flow guidance
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Figure 3-7 Cascade of sediment traps (example in Antofagasta)





The hydraulic structures visited have been executed or are still under construction, like
sediment traps (Figure 3-7 shows an example of this structure in another region, namely
Antofagasta, shared with the DRR-team by MOP during a presentation), channel enlargements
and creation of flood plains. These structures have been logically designed as no-regret
measures with current knowledge on the subject and the experience gained in the recent floods.
The DRR team considers these measures a good contribution to an improved flood protection.
Considering the needed stability of the works, the possible erosion of the riverbed should be
estimated, with the aim to ensure the stability of bank protection works (e.g. retaining walls
built with gabions and riverbed protection), (R12-O3).
Most of the deposited material has been removed from the main course of the river. However,
the removed material was at some places accumulated creating obstacles between the hills
which can block the runoff of the ‘quebradas’. Eventually, these obstacles will erode, depending
on the flow condition, and the transported sediment may create in its turn floodings and
mudflows downstream. This sediment will be discharged into the river system and needs to be
removed or positioned in such a way that it will not be affected by the mudflows (R13-O3).
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Non-structural measures such as early warning and evacuation plans are defined in a
preliminary way. Based on the precipitation and the level of the snow line alerts have been
defined. For instance, a yellow alert is very common after the events of 2015 and 2017. It is not
clear to the DRR team what actions will be taken after such an alert. More important, it is not
clear to all citizens. Implementation of a complete Flood Early Warning System (FEWS), including
definition of actions corresponding to a certain alert, is strongly recommended (R14 – O1,4).
Furthermore, the forecasted discharges and possible inundation areas are not yet related to
meteorological parameters. This is essential in order to predict the areas that will be affected
and to prepare actions to be taken during the alert. The flood way and flood fringe areas need to
be mapped, related to the chosen protection level (R15-O1).
The monitoring of structures sometimes is not possible to carry out because people live
(illegally) around the structures and in the floodway or in the flood fringe. The DRR-team sees an
urgent need to define terrains where housing is allowed according to legal spatial planning
plans. This demands coordination between governmental organisations and agreement on
responsibilities for enforcement. The spatial planning should be communicated with the public
(R16-O4).
Some flood defence works built prior to the floods of 2015 and 2017 will not function properly
due to e.g. illegal occupation, new vineyards etc. The same recommendation fits here (R16-O4).
From conversations and presentations it appears that some important data (discharges, water
levels) are not congruent or cannot be validated. In addition it seems that different models have
been applied in the past such as HEC-RAS and Flo-2D. No report has been made available to
DRR-team with a description of models and its applications.

Possible extra flood protection measures
The above observed measures do not cover all possible measures that can be taken for flood
alleviation purposes. In general flood protection will be improved by lowering of the flood levels,
decreasing of the erosive power of the flow (velocity reduction) and by building protection measures
like dikes and walls. Moreover, the removal of houses in flood-endangered areas (zoning) is a robust
measure.
Typical flood protection measures are:
 Creating a low water bed and flood plains. In this way little sedimentation can be expected in
the low water bed, ensuring a constant flow conveyance. If only the low water bed is enlarged,
sedimentation may occur, because of the lower flow velocities. This sedimentation may hamper
the flood conveyance. The maintenance of riverbeds needs continuous attention to be able to
have sufficient discharge capacity (R17-O3).
 Flood alleviation by constructing by-passes. Especially when the by-passes only flow during
floods, this can be a promising measure. Problems are the availability of space (land) and the
potential danger of habitation of the by-pass, as floods tend to occur rarely.
 Dikes to protect urban areas and industrial compounds. Local protection by ring dikes, that
enclose specific areas to be protected, can be considered.
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At this moment no detailed advice can be given, where to locate extra flood protection measures.
The previously mentioned model computations for the total river section at least downstream of the
Lautaro reservoir needs to be made and is an essential tool to define extra protection measures. A
model like the ‘blokkendoos’ (see Annex E) can be used to show the interdependence of the existing
works and additional works to be constructed.
3.2.3

Integration of surface- and groundwater resources

During the mission, it became clear that flooding and mudflows are the main aspects of the flood
disasters. The other major emergency condition is the drought and the availability of water resources
for the mining industry, the agricultural sector (including its industry), and the urban environment.
The water resources in the river basin are mainly managed by the ‘Junta de Vigilancia’ and therefore
only connected to the distribution of surface water. The groundwater resources are scarcely planned
and shared. (ref. A number of groundwater committees were formed and the Junta de Vigilancia is
in contact with these committees. However, a combined management plan does not exist. In order
to manage water resources and also to make use of the available water and its storage a subsurface
model could be useful. The DRR team discussed the use of groundwater resources with a
representative of the groundwater committee sub-region 5 and 6 in the Copiapó basin. This
representative is keen on sharing their knowledge on groundwater management.
The DRR team was informed that the Lautaro reservoir was ‘losing’ its water (unknown seepage) to
the aquifer downstream of the dam and that the downstream agricultural sector uses this resource
to irrigate their land with groundwater extraction wells. The interaction of surface and groundwater
has not been monitored (to our knowledge). The below sketch was made during the mission and
discussed:

Figure 3-8 Longitudinal conceptual section Copiapó river: Interaction surface and groundwater
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According to this analysis, water infiltrated from the reservoir is not lost but it is coming up in ‘La
Puerta’ as surface water. This water is used downstream of the reservoir. There seems to be an idea
to apply a waterproof material in the reservoir but this might influence the water resources balance
downstream of the reservoir. Furthermore, less or no infiltration from the reservoir might result in
higher water levels in the reservoir and in a reduction of the volume available for flood control
downstream of the reservoir. An integrated study of the water resources and thus of the surface and
groundwater interaction is needed before taking measures (R18-O3).
Resuming: there is a clear pressure on water resources, competition between ground- and surface
water availability and opposite interests between stakeholders. This situation asks for an integrated
approach. Studies are a first step; to achieve real impact a form of organization, representing
different stakeholders, is needed to bring studies to measures to realisation to maintanance (R19O4).
3.2.4

Capacity Building




3.3

In the Netherlands strong technical authorities exist: the Ministry of Public Works
(Rijkswaterstaat), and Regional Water Authorities. These authorities define the technical
problems and opportunities. The development of solutions and projects is carried out by
contracted engineering firms and the applied research organisation Deltares. In principal, this is
also the case in Chile. Though the DRR team did not obtain a clear picture of the availability of
trained engineers and other experts, the impression of the team is that there is a shortage of
trained technical personnel in the Region of Atacama. Part of the professional and expert
engineers are from Santiago and are working in the region. Transferring and sharing knowledge
between those two groups could be a first practical step to anchor and strengthen knowledge in
the region (R20-O4).
It is not clear how the University of Atacama is involved. Involving the University gives
opportunity to train the people of the Atacama Region, but also to take into account their
experience of the region in the new designs in the long term.

Institutional layer

In the Chilean setting many institutions and organizations (public as well as private) have some
responsibility in water related issues. In Figure 3-9 the organizations we met are ordered roughly,
according to type and level of activities they develop on water management. The organizations that
were frequently mentioned are also included yet the team did not meet them in person.
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DGA
National
(Chile)

Minvu

DVia

ONEMI
DOH
SiSS

Regional
(Atacama)

DGA

SerViu

DOH

ONEMI

SeReMi

DVia
DVia

JdV
Local
(Copiapó)

CAS 5,6

municip
ality

operational

Mesa
agua
Comicivit

coordinating

strategic

Figure 3-9 Landscape of organizations*(see also list of abbreciations)
Intense contact during the mission
Less intense contact
Mentioned various times during conversation with authorities
Public entity
Private entity
* this picture for sure isn’t complete

During this mission, no organization could be identified that actually coordinate and translate
strategic and more theoretic information into an integrated water basin approach. From this water
basin approach operational and practical measures can be defined on a river basin level. In the Dutch
context this role is executed by Water Authorities. Entities like the “Junta de Vigilancia” and the
“mesas de agua” do some tuning, though they do not have any full mandate to do so. For instance
the Junta’s de Vigilancia are responsible for supplying water to users with water rights. However,
their jurisdiction only incorporates surface water and not groundwater.
During the visit, the roles and mandates of various organisations were mentioned. For example the
ownership of the reservoir originally was with DOH and was later transferred to the Junta de
Vigilancia. This causes doubts in who is responsible for the maintenance of the reservoir.
The main water users in the Copiapó basin are the large agricultural (e.g. table grapes) and mining
companies. These companies are exporting companies. It has been mentioned during the meetings
that the water rights can be traded and that foreign influence cannot be neglected and is an
imminent threat.
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3.4

Relational layer

There seems to be limited contact between people working at a national level and their regional
colleagues. Professionals and employees at regional organizations, who apparently have or should
have an important role in water management operations are aware of the gap in communication.
Quote: “when we like each other personally, we work together quite well, but we’re not obliged to,
cooperation is insufficiently embedded from a legal perspective.”
Below some quotes are presented, that the DRR team heard during the mission. They are a good
illustration of what has been mentioned in Chapter 3.2.2.
Quote: “Some works built prior to the floods of 2015-2017 do not function due to e.g. illegal
occupation, new grape yards etc.” (Figure 3-10) and “the removal of houses in flood endangered
areas (zoning) is a robust measure” and about “the potential danger of habitation of the by-pass”.

Figure 3-10 Grapeyards (“parronales” in the “quebradas”)

Figure 3-11 reflects the explanation during the field visit about the anchoring and performance of
spatial planning where houses were built downstream of a sediment trap.
Indicative plans
- coordinating Municipality

Normative plans
- strategic -

MINVU

MOP
PRI
Inter-municipal
regulating plan

PRC
Municipality
Regulating Plan

PRdIG
Regional
infrastructure
plan
PRDU
Regional plan
for urban
development

Figure 3-11 Structure of plans to anchor spatial planning; right: example of illegal settlement: exactly downstream of the
emergency sediment trap structure.
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Based on the information received, the local spatial planning plan (Plan Regulador Comunal) should1
prescribe which areas should be kept open, and where the floodway and flood fringe areas are
located and thus should be kept clear to give mudflows an escape to safely discharge. Norms should
be derived from Interregional Spatial Plan (Plan Regulador Intercomunal-PRI) and the Regional Urban
Development Plan (Plan Regional de Desarrollo Urbano-PRDU). In turn these plans should be fed by
requirements resulting from the Plan Regional de Infraestructura y Gestión del Recurso Hídrico
(PrdIG). The connection between PrdIG and PRI / PRDU however is not made. This means that spatial
plans are not adapted to water plans (and vice versa), (R21 – O2).
The photo next to Figure 3-11 illustrates a miscommunication between spatial planning and planning
of flood protection works. Of course, this is a dangerous situation.
An example of flood preparedness can be the movable fences on a bridge over the Rio Copiapó in the
City of Copiapó (Figure 3-12). This case illustrates how works can go hand in hand. Another example
has been shown where a public play ground has been planned in the floodplain of the river (Figure 36).

Figure 3-12 An example of urban flood control

Quote: “These fences on the bridge are for safety reasons during normal river discharges because
pedestrians could fall down into the river. However, when a mudflow is imminent, these parapets
obstruct the discharge and cause inundations. These parapets are taken away before the flood enters
the City.”
However, it did not become clear whether the removal of the fences during a flood was part of a
formal procedure. It was mentioned that during the 2017 flood a practical and experienced
municipality worker remembered to do so on the right moment. It would be very interesting to
collect this type experiences and secure them in procedures that are disseminated among people
who are in charge in case of an emergency (R22-O4).
The DRR team visited various sites, and all people we spoke claimed the unanimity, which was felt
during the disasters, and showed their desire to work in that same cooperative way in normal times.

1

This is not prescribed yet, but in due time will.
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Above observations are random quotes. The conversations during the mission were simply too short
to make a thorough coherent diagnosis of strengths and weaknesses of the organization of water
management in the region. The observations do not do justice to all efforts and subtleties that exist.
The remarks above with relation to the institutional and relational aspects show that these aspects
must be improved (R23-O4). This is an important recommendation as realization of effective water
management of which flood risk management forms part, according to the three-layer-governance
model (WGC, 2016), really requires that institutional and relational aspects are in place.
Connecting the items of Fout! Verwijzingsbron niet gevonden. with the remarks above, it is clear
that one of the main challenges lies in the fields of inter-institutional communication, cooperation
and participation, with special attention to the subjects ‘legal embedding of spatial planning’ and
‘crisis organization’ (R24-O4).

Figure 3-13 Three layer governance model

Above issues coincide in a general sense with some of the main obstacles for coordination at
territorial level as mentioned by the OECD (2013) (Akhmouch, 2012, see Figure 2-4).

DRR-Team MISSION REPORT
Chile

April 2018

- 43 -

4

RECOMMENDATIONS AND FOLLOW UP ACTION PLAN

4.1

General

In the previous Chapter 3 observations and findings, lead to a number of recommendations. In this
chapter these are connected to the objectives of the mission. The recommendations of the DRR team
are presented as part of a follow up action plan. Some of the recommendations cover more than one
objective.
The recommendations and objectives can be combined as follows:
Objective 1: An advice on Flood Early Warning systems (FEWS) to prevent that disasters like 2015 and
2017 result in the amount of impact (human, economical, ecological) as they did.
Recommendation R 1,6,14,15,19: Overall water management is required. The management of the
Lautaro reservoir should take into account flood management. The implementation of a FEWS is
strongly recommended. The flood way and flood fringe areas need to be mapped, related to the
chosen protection level. Develop a masterplan for the strategic planning of water management in the
Rio Copiapó basin. Chapter 4.2.2 discuss aspects of a Flood Early Warning Systems.
The explanation of floodway and flood fringe: Floodways are designated and mapped through detailed
engineering studies. Mapped Floodways includes the channel of a river course and adjacent land areas, which
in an unobstructed condition can discharge a 100 year flood/Base Flood without any increase in water surface
elevations. The area between the floodway boundary and limit of the 100 year floodplain is termed Flood
Fringe. The Flood Fringe covers the portion of this floodplain that could be completely obstructed without
increasing the water surface elevation of a 100 year flood event more than predetermined freeboard at any
point.

Objective 2: An advice how to diminish the impact of floods taken into account challenges associated
with climate variability / change by taking structural and non-structural measures that increase the
resilience of the area.
Recommendations R 1,2,3,4,5,19,21: Overall water management is required. Check the flood
discharge with a return period of 100 years with updated historical records. Estimate the future flood
discharge with a return period of 100 years, using a stochastic analysis, taking into account climate
change and future social-economic developments of the region. Use the two recently registered
extreme events in 2015 and 2017 to calibrate and validate the hydrologic, hydraulic and
morphological models of the river Copiapo. Validated models should be applied to predict the
behaviour of the system with measures such as hydraulic works. Develop a masterplan for the
strategic planning of water management in the Rio Copiapó basin. Spatial plans should be adapted to
water plans and vice versa.
Chapter 4.2.2.2 discusses instruments that can show the effect of flood protection measures.

Objective 3: A review if measures taken or in preparation are sufficiently effective.
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Recommendations R 1,7,8,9,10,11,12,13,17,18,19,24: Overall water management is required. Control
of inflow of sediment into the Lautaro reservoir. Construct more sedimentation pits and create
sufficient open space for discharge. Timely clearance of flooding areas from material and goods will
reduce the debris carried downstream. Complete the works under construction and analyze the
effectiveness of the executed and planned works, together with possible extra measures, needed to
cope with the chosen return periods. Regularly update of the return period. The possible erosion of
the riverbed should be estimated, with the aim to ensure the stability of bank protection. The
sediment discharged into the river system needs to be repositioned in such a way that it will not be
affected by the mudflows. The maintenance of riverbeds needs continuous attention to be able to
have sufficient discharge capacity. An integrated study of the water resources and thus of the surface
and groundwater interaction is needed before taking measures. Develop a masterplan for the
strategic planning of water management in the Rio Copiapó basin. Apply an economic and social
cost/benefit analysis to define and justify a differentiation of the return period to design the works.
Chapter 4.2.1 discusses the measures already taken. Chapter 4.2.2.2 discusses instruments that can
show the effect of flood protection measures and the merits of cost/benefit analyses.

Objective 4: A review and give an advice on how water governance can be improved taking into
account the Chilean local setting (institutional coordination, communication, institutional embedding
(division of tasks and responsibilities), finance, emergency plans & protocol etc).
Recommendations R 1,14,16,19,20,22,23: Overall water management is required. The spatial
planning should be communicated with the public. An integrated study of the water resources and
thus of the surface- and groundwater interaction is needed before taking measures. The institutional
and relational aspects must be improved. Develop a masterplan for the strategic planning of water
management in the Rio Copiapo basin. Transferring and sharing knowledge between the professional
and expert engineers from Santiago and from the region could be a first practical step to anchor and
strengthen knowledge in the region. Collect the experiences with the floods and mudflows and
secure them in procedures, that are disseminated among people who are in charge in case of an
emergency. The institutional and relational aspects must be improved. Chapter 3.2.3 discusses the
integration of surface and groundwater; Chapter 3.1 discusses the organization of water governance
according to the 3 layer concept and Chapter 4.2.2 discusses the masterplan concept that can be very
helpful to develop sustainable water governance.
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The below table resumes the recommendations, the objectives and chapter references.
Recomm
endatio
n (R)
1
2
3
4
5
6
7
8
9
10

11
12
13
14
15
16
17
18
19
20
21
22
23
24

Short description

Surface water and groundwater; water scarcity; 3
layer approach
Flood discharge and update return period
Return periods, climate change, socio econ.
development
Calibration of models with the 2015 and 2017
floods
Application of models and prediction
Operation of the Lautaro reservoir
Maintenance of the Lautaro reservoir
Measures and sediment traps
Maintenance and clogged river bed
“blokkendoos” application – coherence between
measures; integration of no-regret measures and
additional structures
Determining return period versus impact
River bank and river bed protection
Maintenance of structures
Flood Early Warning
Prediction of Floods
Spatial planning and communication plan
Maintenance riverbeds
Integration of surface water and ground water
Study on IWRM and maintenance
Knowledge transfer
Spatial planning and water emergency plans
Collect experience of floods and share knowledge
and experience
Improve institutional and relational aspects
Legal embedding and spatial planning

1

Objectives (O) and chapter refs.
2
3
4

3.1

3.1

3.1

3.1

3.2.1
3.2.1
3.2.1
3.2.1
3.2.1
3.2.1
3.2.1
3.2.1
3.2.2

3.2.2
3.2.2
3.2.2
3.2.2
3.2.2

3.2.2
3.2.2

3.2.3

3.2.3

3.2.2
3.2.3
3.2.3

3.2.3
3.2.4

3.4
3.4
3.4
3.4

In general, there is a high level of education and willingness to improve the management of the
water resources system. However, the challenge is to combine the fields of knowledge and
experience and improve the applied research, monitoring and management of various issues related
to water resources at a river basin scale (surface and subsurface) and to provide data, information
and / or services to interested (decentralised) parties. This challenge needs to be formulated in a
vision and strategy to set up a coordinating centre at national, zonal, regional and local level.
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An integral vision and implementation plan for the use and management of the water resources in
the Copiapó river region considers many aspects: physical setting, institutional and relational as well
as environmental, social and economic aspects.
This emphasizes the need for a coordinated action at national level in order to:
- Develop policies or advise on new policies, including a national water resource plan;
- Prepare integrated water resources management plans (IWRM) or advise on these plans,
whether at the local, regional or national level;
- Systematize and develop strategic information for decision making;
- Monitor the water system, have centralized databases of all available information, make use
of region water resources modelling tools, advise on measures to be taken at the different
levels;
- Provide information to users, for example, alert and communications plans;
- Capacity building at different levels of government and organisations on integrated river
basin management.
Towards the future there is a long term ambition to make the region, or regions like Atacama, more
resilient in the light of the social-economical, environmental development of the region and of
effects of climate variability and climate change. These developments or challenges require an
integrated water management approach in which for instance flood protection, increased reuse of
water, storage of water in periods of droughts, and water quality control are taken into account
simultaneously.
In chapter 5 the recommendations are illustrated by some possible practical follow-up initiatives
(pilots). In that chapter also some ideas are given on how these initiatives can contribute to or come
together with the ambition of resilience.
4.2

Main topics assessed during the DRR mission

4.2.1

Measures already taken

MOP and DGA have taken immediate and short-term rapid no-regret actions to mitigate flooding.
The measures (structural and non-structural) are designed to mitigate the flood in the current
situation. The DRR-Team appreciates the fast design and implementation of the works done by MOP
and DGA in this recent period. The works can be part of the update exercise combining the works
with a total set of integrated measures along the river (R10).
As said before the DRR-team recommends (R13) completing the works (short and mid-term) in
preparation and execution. This includes the cleaning of the material deposited in the riverbed and
execution of the plans to control water and sediment flood. The no-regret measures, which have
been designed as stand alone, however, need to be incorporated into an integrated plan like a
Masterplan (see Chapter 4.2.2). The impact of a chain of different measures (R10) can be shown by
an interdependency tool like the “blokkendoos” (see annex E).
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4.2.2

Masterplan for strategic planning

The management of water resources in Chile has been the subject of discussion and planning within
the ministries and between regions for several years now. Several strategies have been defined at
the national and regional levels in order to establish guidelines for the management of resources.
Regional policies have been included under the National Strategy, which proposes guidelines under a
common vision around water to ensure, both for the current and future generations, access to this
vital element, a pollution-free environment and, in turn, promote the economic and sustainable
development of the economic activities that demand this resource. Therefore, the Chilean
government has the plan to create a new institute (Instituto Technológico del Agua – ITA) to improve
the management of water resources. This new institute should be in charge of setting up this
strategy and masterplan.
The Chilean government is aware of the major challenges connected to sustainable water resources
management. The government identified the following water management challenges:
1. Lack of support systems to efficiently and effectively guide interventions in each basin or water
system in the country,
2. Presence of diverse organizations with similar roles and functions that causes duplicity of
functions and inefficiencies, as well as dispersion of efforts,
3. Lack of an overview of the context in which the management of interventions on water and
watersheds has developed (in order to achieve integrated management by basin).
4. Voids in the availability, balance and application of management instruments which prevents
achieving goals efficiently and effectively,
5. Partial proposals for improvement of management instruments without establishing the
connection between them (legal changes, improvement of information, improvement of
organizations, setting up a new water management organisation).
Many parties have expressed their opinion on water resources management and are aware that a
coordinated action is required to deal with this urgent issue. They are prepared to support a resilient
economic and social development to prevent disasters like the ones of 2015 and 2017.
To support the Chilean government in setting up a strategy and developing a masterplan this report
offers some suggestions, which can be supported with the experience from The Netherlands and
other places in the world.
A masterplan for strategic planning aims at an integrated trade-off between measures that are
interlinked and have accumulated effect and can be prioritised in time, costs and impact. This plan
aims at a transparent dealing with technical, environmental, financial and social solutions for areas
addressed. Another reason for a strategic masterplan is to be able to adapt to future scenarios and
challenges. The DRR team strongly advises to develop a masterplan for the strategic planning of
water management in the Rio Copiapó basin (R19-O1,2,3,4) based on the three layers Content,
Institutional and Relational.
In order to increase the resilience of the area the masterplan needs to include a comprehensive
integral analysis of water resources in the region including the combined groundwater and surface
water system knowledge, water demands and water balances in the present and future situation.
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Therefore the masterplan starts with a good understanding of the natural system. Based on that
understanding the development of sustainable risk management tools can start. For example the use
of a toolbox of modelling, monitoring instruments and procedures for scenario development. From
that connected actions and measures for the short, mid and long-term can be derived. For the
management of the risks and impact an early warning-, evacuation- and testing system is required.
Evaluation of the system of all these elements is part of the routine. In fact the cycle: design,
implementation, impact, learned lessons will be run through several times.

Understanding
physics

Instruments

Measures and actions

Early warning

Evacuation plan
and testing

4.2.2.1

4.2.2.2

4.2.2.3

4.2.3

4.2.4

Figure 4-1 Elements of the masterplan to be developed

The above sequence of elements transfers the recommendations of the previous chapter into a
practical approach, which is elaborated below for the different elements.
4.2.2.1 The understanding of the complexity of physical processes:
 In the Atacama Region, data is and has been collected on rainfall, water level, discharge and
groundwater levels (source: Atlas del Agua, Chile 2016, Ministerio de Obras Publicas). We advise
to check the combined data set, identify gaps and use the data for different processes, i.e. for
floods and droughts forecasting, as well as for optimization of the management of water levels
in the Lautaro reservoir. Therefore, links between relevant organizations need to be established
to work on the different elements of the system and to build trust between the organisations. At
the same time the benefits of joint action can be made clear. A wider perspective than flood
management only can be very effective combining water supply with storage (underground),
especially in an arid region like Atacama.
 Based on this it is recommendable to further develop reliable models to predict extreme events
(hydrologic, interaction of surface water and groundwater, hydraulic, sedimentological,
morphological and hydrogeological models). Moreover, models can be connected and
developed in such a way that they can be used for multiple water management process
analyses. These models should be accepted by the main stakeholders and if possible freely
available.
 In addition it is recommendable to evaluate the data bases and monitoring stations to know
whether they are sufficient capable to describe the natural system. Validated data can be used
to run models and to analyse model results for the extreme events which occurred in the past.
Can the extremes and the behaviour of the system based on the measured data and locations be
predicted ? Alternatively, are there gaps in the measurements to predict the behaviour of the
system ?
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4.2.2.2 Instruments
Instruments are needed to show the effect of measures (for flood alleviation and spatial
developments) and concepts (different return periods, different design flood discharges) on water
levels and damage potentials. Important instruments are models and cost/benefit analyses.
The following toolbox of modelling instruments can help to understand the physical system.

Delft-FEWS–Flood Early Warning System (ANNEX F) is an open source forecasting model and
data integration tool used throughout the world for water resource modelling. Delft-FEWS
provides the data management infrastructure to support operational services in the river basin
like, amongst others: flood, water quality assessments, reservoir operations and groundwater
licensing. Delft-FEWS imports data in many formats (models), displays that data, and can then
serve that data to a suite of user selected models with the model results returned to Delft-FEWS
for display and product generation.

Evaluate the available numerical models that might be applied to simulate hydraulic, mudflow
and morphology. It should be clear why a model has been chosen. Why and when a 1D, 2D or 3D
model should be applied? What are the advantages/disadvantages of a certain package (free or
commercial ?), etc. After selection the models need to be calibrated and validated. Models
should also be continuously updated (schematizations, boundary conditions, new tools, new
insights, etc).
 Predictive groundwater computer simulations, usually called groundwater models, are essential
for groundwater-resource management. Groundwater models honor local geology and obey
physical and chemical principles of hydrogeology, translated into mathematical and statistical
formulations. The models can be solved or “run” in hindcast and forecast modes to assess predevelopment natural resource states (essential understanding for ecological service values) as
well as trajectories of groundwater quantity and quality changes under past and future
development. An example is the iMOD (interactive groundwater and geo-modelling); iMOD is a
MODFLOW-based modelling tool with an easy-to-use Graphical User Interface (GUI) with fast,
flexible and consistent sub-domain modelling techniques. iMOD facilitates very large, high
resolution MODFLOW groundwater modelling as well as geo-editing of the subsurface. The
iMOD is part of the Delft FEWS system. iMOD will be applied in part of the Elqui River basin.
 Consequently a risk dependency model (CIrcle – Critical Infrastructures: Relations and
Consequences for Life and Environment) can be applied for the assessment of potential critical
infrastructure failure during external impacts such as natural hazards. It also facilitates the
quantification of the impacts of the cascading effects that arise from critical infrastructure
failure. Use of such a model has demonstrated to be effective when communicating with
stakeholders about how critical infrastructure may be impacted. Given this knowledge, priorities
can be set to harden defenses and reduce the cascading effects of infrastructure failure. Critical
infrastructure must be secure and able to withstand and rapidly recover from all hazards.
Therefore the coordinated efforts are crucial and necessary to strengthen, maintain and secure
the functioning of critical infrastructure vital for the society. This risk dependency model is not
only powerful tool but also a complete concept to map and visualize the relevant
interdependencies and dependencies in an infrastructure system.
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Cost/benefit analysis
The DRR-team also stresses the relevance of applying an economic and social cost/benefit
analysis to define and justify a differentiation of the return period to design the works (R13),
(R24-O3). The background of this differentiation lies in the acknowledgment that the impact of
flooding depends on the location where it happens. Risk is defined as chance of occurrence
times impact of the event. Flooded vineyards cause economical damage but are less serious
than flooded populated areas with the potential of casualties. So, the chance of flooding near
vineyards can be larger than in populated areas. In this way the chance of flooding may vary in
the water basin, which also effects investment needed in different areas for protection or
mitigation. Figure 4-2 shows the adopted chances of flooding in the Netherlands. It can be
clearly seen that the western part of the Netherlands is best protected against flooding, caused
by the intensity of the population and the immense capital investments in this part of the
country.

Figure 4-2 Existing legal flood protection standard per dike ring area in the Netherlands (Kind, J.M. 2012, Economically
efficient flood protection standards for the Netherlands)
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In order to carry out an economic and social cost/benefit analysis the consequences of flooding
should be predicted. Flood hazard maps are the first step towards a risk approach. For every
event with a given probability, the risk approach starts by developing Flood Hazard Maps. A
model has been applied to predict the flow of water and sediment. The DRR team recommends
continuing with the development of the model and maps, in order to obtain a general
identification and assessment of flood-prone areas.
Furthermore, the territorial planning need to be based on an analysis of the defined risk areas
associated to a certain probability of occurrence. In the Masterplan a decision about the
boundaries of the river should take into account the spatial and economic developments, for
example during the next 100 years. It should be carefully analysed where more space for the
river should be allowed for. This could lead to the relocation of people in the case that certain
areas cannot be protected by structural or non-structural measures in the long term.

4.2.2.3 Actions and measures
To prepare actions and measures the DRR team proposes to introduce a structured approach
embedded in the existing organizations like DGA in which technical measures, management,
maintenance and spatial planning are combined in the integrated management of a river basin.
Structured approach
A first framework for analysis is proposed to carry out a structured planning approach (Figure 4-3).
This framework is based on a systems analysis and on stakeholder involvement.
There are three phases of analysis, each with increased depth and detail. These phases are:
1. Initial analysis (I), which produces a common perception on the scope of the study/plan, who to
involve and in which way;
2. Preliminary analysis (P), in order to learn about the behaviour of the system and of the
effectiveness of alternative measures;
3. Detailed analysis (D), which leads to a proposal on alternative strategies, including an impact
assessment and implementation plans. This phase produces the input for formal (political)
decision-making.
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Figure 4-3 Framework for policy analysis and planning (Hommes , S., 2008).

The phases of analysis can be regarded as an iterative process to get from an unstructured policy
problem to a preferred strategy.
Figure 4-3 shows the phases in an iterative manner. The iterative process helps stakeholders to
develop a shared perception (upper part of the figure), whereas the iteration of the three phases
helps to increase the knowledge base and to decrease the remaining uncertainty (lower part of the
figure).
To fill the knowledge base technical measures must be designed, the concept of integrated water
management must be elaborated, spatial planning must be developed, that helps to define flood free
areas, floodways, as well as locations where to build and where not.
Technical measures
As described above, suitable and effective structural measures should be found by modelling and
prioritized based on cost-benefit-analyses. Financial and social-economic issues are important in this.
It is essential to obtain ministerial support before starting development of such strategies. The
necessity already has been indicated by the national government based on international
recommendations (World Bank and OECD).
However, even more specifically, the DRR team recommends that the translation of theoretical
concepts into practical implementable measures needs more attention. Especially, when Chile mainly
relies on universities for knowledge development, the risk exists that innovation does not reach the
implementation stage. The universities are focused on fundamental research. Integration of
knowledge and applied research requires an organization, which oversees all the main aspects of
river basin management. The Ministry of Public Works is working on a new initiative, which actually
fits in this approach: the ‘Instituto Technológica de Agua (ITA)’.
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Integrated water management
A system analysis using the in Chapter 4.1.2.2 mentioned models is the basis for further research on
the applicability of flood protection measures. When calibrated and validated models are available,
future floods can be simulated and the effects of river works on flood levels and bed levels can be
established. A number of measures can be identified which can be incorporated in the existing set of
structures and measures to be executed.
To start with the Lautaro reservoir it is observed that the reservoir can very well have the function to
attenuate floods. This is not yet formally considered in the management of the reservoir, with
respect to water levels and volumes of the reservoir. It is recommended that the impact on flood
attenuation of the Lautaro reservoir and river hydraulics can be simulated with these hydraulic
models to be part of the integrated water management approach.
Allocations and diversions of water in Chile and the Copiapó River basin in all sectors have
traditionally been focusing on surface water sources. Historically groundwater use and diversions
have been very limited represented as part of the total permitted water diversions. The surface
water allocation and licenses are reaching their actual supply limits or even have passed them.
The research on groundwater resources is relatively undeveloped. The importance of groundwater as
an resource capable of meeting future water demands for agricultural and urban development while
sustaining environmental quality, means that investment in good groundwater management is vital.
There is an opportunity to combine the surface water, groundwater and the Lautaro reservoir flows
into one model combined with the geological setting (underground dams); these aspects need to be
included in the design of the mid- and long term management of the basin and the measures to be
taken. This measure of connection of water supply and temporary storage is to create groundwater
retention areas in known subsurface storage areas. The balance of surface water supply and
groundwater storage and management can be fine-tuned. This requires a good knowledge and
understanding of the subsurface and its interaction with the water use in the different seasons.
A good start would be to explore how the Junta de Vigilancia de Copiapó thinks about groundwater.
In a neighboring river basin, the junta de Huasco manages both surface- and groundwater.
The discharge of small creeks into the Copiapó river are often obstructed by infrastructure and urban
developments (houses). The planned open areas for water and mudflow towards the river are step
by step invaded with buildings and infrastructure. This is a development that occurs when the
disasters are ‘forgotten’ (Dutch experience: after 5 years) and the risk perception is fading. There is
little to no enforcement of preventing and removing these obstructions. The measure to take is to
enforce the municipalities and keep these areas free, e.g. creating parks and other types of public
services so that they stay open in case of emergencies.
Structures to trap sediment and dissipate energy have been logically designed with current
knowledge on the subject and the experience gained in the recent floods. It is considered that these
measures will contribute to an improved flood protection. However, the exact contribution and
impact on flood levels should be investigated by model runs. This analysis will show the degree of
protection of these works against floods and may show the need for additional measures. The exact
need depends upon the agreed risk acceptance per location.
DRR-Team MISSION REPORT
Chile

April 2018

- 54 -

Riverbed protection: If riverbed erosion presents a problem, also bed protection should be
considered, e.g. with flexible gabion mattresses. A monitoring system should be in place to keep
track of erosion and sedimentation.
Spatial planning
Spatial planning really deserves a central place in the definition of potential measures for disaster
prevention.
For the short term the DRR team recommends that the surveyance of potentially dangerous,
manmade changes of water streams become a regular task of the DGA-regional and that DGA
takes measures to divert streams and/or prevent flooding of protected areas. An example of this
type of diversion structures was shown during the field visit at Los Loros. At the same line,
construction of buildings in evacuation routes, emergency-outlets of retentions or other
constructions and obstacles should be surveyed by a designated governmental organization
(DGA, municipality, others….). Obstructions like buildings on prohibited places should be
removed and not remain without consequence.
A good start is to find out which opinions and options Minvu and the municipality have about
spatial planning in relation to protection against floodings and mudflows. Questions arise like:
Does everybody really understand this? Is there a realistic understanding of the consequences?
Flood hazard mapping helps to show the impact of floodings and measures to teduce them.
In mid and long-term, spatial plans should be clear about suitable and safe areas, as well as
areas prohibited to build or live in. Models and maps made in the toolbox are a basis, but
subsequently coordination between governmental organizations and the translation of a
strategy into plans, measures and enforcement is required. Therefore, it is recommended to
explore the aspects of the governance model that can optimize cooperation and coordination.
Ref. the three-layer governance model in Fout! Verwijzingsbron niet gevonden.. In this respect,
the role of the provinces is interesting: are they involved in spatial planning at the
implementation level, as they have a task in citizen security?
Management, revisions and maintenance
In the long-term it is therefore also necessary to define a strategy for the management and
maintenance of the system. For example, in the Netherlands the dike safety conditions are evaluated
periodically, like every 10 years. This means that periodically the stability of the dike is checked by
applying the latest techniques.

4.2.3

Early warning system to reduce negative impacts

Floods are the most common natural disaster with the largest impact on society. The disaster risk
management cycle comprises four phases (

Figure 4-4)



Prevention/mitigation: measures and activities, incorporated in regional and national
development planning, that reduce the probability and/or the impact of the disaster.
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Preparedness: the aim is to reach an appropriate level of readiness to respond to the emergency
through programmes that strengthen the technical and managerial capacity of government,
organisations and communities.
Response: to provide immediate assistance to maintain life and improve health of affected
population during an emergency. Focus on the basic needs of the population until permanent
and more sustainable solutions are in place.
Recovery: aiming at restoring livelihood and supporting infrastructure, making use of
opportunities to reduce future vulnerability by enhancing prevention and increasing
preparedness.

Figure 4-4 Selecting Measures and Designing Strategies, for Integrated Flood Risk Management, Guidance document, Final
Draft (31 August 2016), Disaster management Cycle (Deltares, WMO/GW)

When taking this disaster management model into account the recommendations in the previous
paragraph 5.1.2 focused on the downside part of the cycle (prevention and mitigation/recovery ).
The paragraphs below some general recommendations are made that focus on the upside
(preparedness and response) of the cycle. In literature (Deltares, WMO/GWP) corresponding to the
figure above the main objectives can be found on selecting measures and designing strategies for
integrated flood management.
4.2.4

Practical implementation of a FEWS

When an alert is issued it is fundamental to take into account the final objective, e.g. to be able to
warn inhabitants of a community in time to evacuate when a flood is expected.
Regarding an early warning system, special attention should be paid to the operational actions that
follow on issuing an alert. The set of instruments (Chapter 4.1.2.2) should not only be able to
produce an alert, but also should provide information on what has to be done immediately after the
alert when the moment is there. It must be realized that monitoring and real time forecasting using
simulation models require time.
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Technical information
In the technical sense, one could think of evacuation routes, safe places, crucial infrastructure, as
hospitals, drinking water plants, power stations, communication stations etc., that should be
identified, mapped and prioritized using the above mentioned tool (Circle see for example:
https://www.youtube.com/watch?v=uxRU8cYrp1Q). Moreover, actions should be based on routines
and experience. For instance removing fences, structures and closing roads. These elements should
be mapped and included in procedures. Ideally, this technical information will be combined with
alerts in decision-making procedures.
Organizational
The organizational side of the process and response to an alert is very important. Institutional
capacities, roles and mandates need to be in place both for the forecasting process, and for the
warning/response phases. It appeared that cooperation and collaboration during the 2015 and 2017
floodings has proven to function well. The phenomena of training exercises, especially on tsunami’s,
is well known in the region and could be used for the event of flooding as well.
Regular training and continuous improvement.
It is wise to build on these positive points, and try to professionalize the flood management
organization by means of executing extended, multi-organizational emergency training exercises.
These exercises will reveal gaps in organization and relations. In successive evaluations responses to
these gaps can be formulated, and included in a continually improved crisis plan. Training also
maintains awareness, and provides the opportunity to involve and inform community on new
developments regarding emergencies.
Crisis organization
Where the above-mentioned technical aspects focus on emergencies due to mudflows, crisisorganization itself doesn’t depend so much on the type of emergency. Thus, investing in a crisisorganization for mudflows means at the same time investing in crisis-organization for scarcity of
water. The only thing is adding some technical aspects about drought to the toolbox.
Strengthening the organizational capacity
Viewed from the Dutch context, the organizations ONEMI and DGA-regional are the logical
institutions to be in the lead for responding to water-related crises (organizational and technical
aspects), where operational organizations like Junta de Vigilancia or CAS’s should be involved in
formulating adequate actions. Because entities like a Regional Water Authority do not exist in Chili, a
coordination-gap is prominent, and remains a challenge. The creation of a crisis organization might
fill this gap.
In the near future a need to institutionalize strengthened collaboration in a type of institute or
organization might surface. That will not only serve periods of crisis, but also the day-to-day
situation, where water scarcity is a more prominent theme to cope with.
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4.3

Recommendation to perform an in-depth study

To bring the set of recommendations to a next level an in-depth study should be set up with
potential pre-set practical results, which support the development on an integrated water resources
management plan in a pilot area like the Copiapó river basin. As a first step to keep the approach
simple and prepare the next steps we focus on one layer: the institutional layer.
Most aspects in the three-layer-governance-model ask for deepening, namely:
- roles, mandates and responsibilities.
- planning instruments (especially spatial planning).
As a reflection on the mission, the observations, findings and analyses, the DRR team likes to
formulate some next steps:
-

-

Verification of the opinions noted from MOP/DGA-employees about the functioning of other
ministries / municipality / stakeholders by these stakeholders themselves. Verification of
opinions of Minvu and municipality about spatial planning in relation to protection against
floodings and mudflows.
Attention should be paid to the safety of dams (embalses) and of the tailings (relaves). How
do these structures function now and fit in the disaster management cycle?
Appreciation of existing experience in the organizations and the need to preserve and
improve this.
Capacity building should be organized by working together with the university in the region.
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5

FOLLOW UP INITIATIVES

The road to sustainable integrated river and flood risk management is a long term development and
usually never finished. Recommendations as mentioned in the previous chapters often remain noble
statements or get entangled in wishful thinking. However, by providing some inspiring, concrete
follow up initiatives in a coherent setting, the DRR team suggests to jointly take the first steps to
support the Chilean partners to elaborate do-able actions, which are not complicated to explain to
the actors involved. Below, three of those steps will be elaborated. The outcome, however, should be
applied in the follow-up steps and made clear to the partners.
5.1

Concept: a coherent approach in steps

The ideas and requirements regarding water resources that Chilean organisations expressed to the
DRR-team, already can be presented as a sort of steps:
Point zero

Result in some years

Midterm products

Long term ambition

Generate discussion on
water-related risk
management focused on
floods and long drought
periods.

Be prepared to mitigate
disasters like 2015 and
2017, in such a way that
a minimum of damage
occurs and to overcome
periods of water scarcity

Have programs, policies,
prevention measures and
appropriate institutions
to address risk events in
a coordinated and timely
way

Being more resilient in
the light of socialeconomical,
environmental
development, for
instance by increased
reuse of water, storage
for drought, integrated
water management

Figure 5-1 framework expressed by institutions

The way challenges are experienced by communities at a local level is presented in Figure 5-2. This
figure shows what has to be realized in steps and time.
Point zero

Some years

Midterm

Too little water: scarcity

Long term

shared

Too much water: mudflow

ambition

Figure 5-2 two roads to a shared ambition for sustainable water management
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The shared ambition (goal) for sustainable water management, symbolized by ‘the oasis’, serves as a
target and focal point on the horizon. The figure expresses both the extreme events of flooding and
mudflows (brown line) as well as the more structural and actual challenge of drought (blue line). The
blue and the brown line merge into a green line later on in the process. This reflects the evolution
into the desired integral sustainable water management setting.
Some concrete and tangible actions are placed in this roadmap to sustainability and make
achievement of wishes and ambition more concrete.
Point zero

Some years

Midterm

Long term

Tasting

Concrete products

Institutionalization

Routine

b) Shared
knowledge
physical
system

d)
Optimize
distribution
of water

f) Agree to
elements for
basin
management
t

a)
Forming
platform

Pre-c)
Write down
best
practices

c) Learning
from
emergency
exercises

e) Align
spatial
planning

g) Action
instructions
for early
warning

Figure 5-1 Steps to achieve sustainable water management of having to deal with the challenges of too less and too much
water.

The mentioned steps are examples: the DRR-team formulated these examples based on the
discussions with stakeholders during the January 2018 mission. Therefore, the DRR team considers
these examples to have priority with the regional and local support. Certainly to be used and
expanded with further follow up actions in scale, detail and practice.
As a first step the DRR team proposes to develop three pilots, to start this process at the left side of
this roadmap. They are focused and connected to the existing initiatives. One is to set up a platform
to discuss the governance of the basin ((a) in the figure 5-3), the second one is to arrive at a shared
information and knowledge of the physical system ((b) in the figure 5-3) and the third one is
connected to the experience and the reality of emergencies ((c) in the figure 5-3).
As a result, from these pilots a road map with more detailed can be designed towards an integrated
water resources management plan.
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5.2

Pilot 1: kickoff step - forming a platform to discuss governance

Legitimation
The DRR-team recognized a common ambition on sustainability among water-organisations (fig 5-4),
but with respect to that ambition, each organization has its own priorities. Working on the relational
layer is the first step to take, as shows the below comment inspired by the 3-layer-governance-model.
A platform provides space to put everyone’s priorities on the agenda and keep all on board, so this is
a preferred form. Treating concrete themes that have priority to one or more of the participating
organisations, is the basis for later steps. In this way, it is likely that endless talking in workshops can
be avoided.
The lower part of the figure cites some shows agenda-themes that were mentioned to the DRR-team
during the mission in January 2018.

Each water related organisation has its
own right of existence, and each
organisation has different water related
themes.
Various regulations enable her to carry
out corresponding technical tasks ….
However, first there should be an
agreement to align the tasks since they
mutually influence each other.

Organisation

Priority theme mentioned:

JdV

Seepage (water loss) from the reservoir
Lautaro
Uncontrolled extraction of groundwater
by the industrial and agricultural sector
Obstructions in the flow path ways from
the hills by structures (e.g. buildings,
infrastructure)
Obstructions in the creeks by debris
Emergency planning and evacuation
planning

CAS
DGA

Municipality
ONEMI

For example:
First
And
related later to
to step: step:
Step d
Step g
Step d

Step g

Step e

Step g

Step f

Step g

Step c

Step g

Etc.
Figure 5-4 three layer governance model and water organisations
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Approach
The DRR-team proposes to start with a kick-off workshop with an open and free format with the
relevant water-organisations. At least the main stakeholders like the DGA, Municipality, Junta de
Vigilancia and the groundwater commission sector 5 and 6 should participate; these first four can
select others, which they see as relevant parties in this process. It is important to pay special
attention to the preparation process before the workshop starts, in order to ensure that all
participate and enter the workshop with an open attitude. It is sensible to use independent
professional moderators for this workshop and preferably, they lead successive meetings. Key to
success is the way the process is the implementation at the ‘relational level’; the ‘content level’ is
supporting this process.
At least the following elements should be on the agenda:
formulate and interchange goals that need to be specific for each organisation;
search, find and formulate common goals and needs. The themes mentioned above can be used
as a starting point, but to avoid that bias will dominate the process, organisations should be free
to put new goals during the process;
the pilot should cover an example theme with existing technical content, for example the theme
of example 2 below. Content is relatively objective and neutral, so a relatively innocent starting
theme. The pilot should be focussed to let the participants experience that this process will
really yield concrete and useful results;
rough sketch of an agenda for this group for the coming year.
It is wise to follow best practices on how to organize a group representatives and how to establish an
active functioning platform. This could be learned from the participants from GIRAgua project in the
southern catchment area of the Elqui river and the Choapa river basin (Region IV).

Figure 5-5 Open workshop in the Elqui river
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Results
Some tangible results that could be obtained by working in the platform:
Individual water-organisations

The collective of organisations

Community, society

The process towards
sustainability

- clarity about the needs of the representatives
- the comprehension that others (also) know and acknowledge its needs
- insight in the roadmap and goals, reaching the fulfilment of one’s own
needs
- belief that participating in the process is profitable, and will result in an
added value for one itself
- confidence in the process
- recognition that interests are or can be compatible, and that there is
more unanimity than previously thought.
- consciousness that there is an address from where dissemination can be
organized, problems discussed and solved
- willingness to cooperate
- a common agenda and goals for the coming years for the roadmap to
sustainability for the different organisations
- a initial embryo of the water basin organization in charge of the
integrated water resources management
- growing assumption that water management is improving
- the different stakeholders are actually joining forces
- awareness that designated organisations in a coordinated way can be
relied on in case of water related emergencies
- confidence that one would receive adequate instructions and means in
case of water related emergencies
- trust that a sustainable river basin management and connected water
resources management will become reality some day
- an agenda for the coming years
- a place or organisation where solutions and products can be discussed,
tested, experience can be gained, support with increasing experience can
be obtained
- a starting point to support decision making organisations on integral
water management

The kick-off workshop should at least result in covering the first point per group.
5.3

Pilot 2: step b - shared knowledge surface and subsurface water system

Legitimation
The Junta de Vigilancia (JdV) and the Comision de Agua Subterranea (CAS) 5 y 6, play an important
role in the distribution of water and this is a very relevant theme. The interaction between the
surface and groundwater system is quite a challenge; some suggest that more water shares are
issued than (ground) water availabillty allows for. There are different opinions on the hydrologic and
operational functioning of the Lautaro reservoir. The fact that everybody uses his own type of model
is not helpful to obtain a common understanding of the actual situation. A mutual shared integral
model and system analysis provides a firm basis for further decision-making and negotiations.
Where in step ‘a’ the relational layer was strengthened, in its turn step ‘b’ the content layer is next.
Approach
The development of this example could best be embedded in the stakeholders platform (step a).
Moreover, this group could serve as ‘a client’ and testing panel for the making of this integral model.
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The final goal is to understand with help of this model the different parts of the system in order to be
able to design scenarios to adapt to future changes.
The shared knowledge of the hydraulic system starts with a system analysis in which the relations
and processes in the river system are mapped. Not only physical and ecological processes are taken
into account, but also the social-economic system and functions of the river. Data gathering on
surface water, groundwater and subsurface is an important step and forms the basis to develop
system knowledge and to create a first conceptual model for the river system or the main part of the
river system.

Figure 5-6 First analysis of the system

With this system knowledge the mutual agreed conceptual model can be built. A preparation of a
pilot could be set up on the application of the model FEWS-iMOD (including groundwater) with main
stakeholders like the DGA, Junta de Vigilancia and the groundwater commission sector 5 and 6. All
this information provided by the various models and instruments can be unlocked in a visually
attractive and integrated way; for example as has been done in the so-called ‘Water loupe’.

Figure 5-7 Example of visualization tool Water Loupe (Water Scarcity Dashboard for the Cauca Basin (Colombia))
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The graphs and data in the illustration of fig 5-7 may help to prepare the region for the mid and long
term development. This tool can be useful to identify the vulnerabilities in the system.
A first workshop should be performed to identify which data need to be collected and to visualise the
match between water supply and water demand for the short and long term.
Results
- A framework which helps to develop sustainable strategies for flood protection and identification
of knowledge & data gaps.
- One pre-selected surface water, groundwater - and subsurface model of a part of the river basin,
with an open data portal and visualization tool to show the effect of the proposed measures
related to the ambitions of the region (see Fout! Verwijzingsbron niet gevonden.)
- Agreement on the chosen model and potential use of the model
- Description of functioning of an interaction between ground- and surface water.
- It is clear to participants (= the platform of step a) which are the possible benefits of an integrated
system to deal with floods and drought making use of the natural system.
5.4

Pilot 3: step c - learning form emergency exercises

Legitimation
During the DRR-mission, Chilean counterparts showed interest in a pragmatic way of solving the
challenge of permanently improving their crisis organization. These are common grounds of the
Chilean experience connected to earth quakes and tsunamis and the combination with the Dutch
experience connected to floods, both adopted in ‘learning by doing exercises’.
The challenge in this example is not particularly inventing better methods and/or measures because
the Chilean organisations already have experience in emergency plans and their implementation, but
to capture these extreme flood events and anchor them in procedures and structures. This refers to
the ‘institutional layer’ of the governance-model.
This example professionalizes inter-institutional collaboration. Indeed: people expressed “What we
can achieve in crisis should be achievable in normal times”. This pilot will be focussed on that.
Approach
The Dutch approach can be translated in implementing emergency exercises where all actors need to
contribute. In addition, the media and actors behaving as civilians in panic can be used. The
emergency exercises should be thoroughly evaluated and subsequently processes, structures and
methods can be adapted. Here, the support of an outsiders’ view specialized emergency
management is indispensable.
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Figure 5-8 Emergency exercise in the Netherlands: including press (left) and emergency construction works in the field (right)

The process in short is: After the implementation of the first pilot and a subsequent evaluation, this
will be the starting point for the next pilot; and so on. In this way, the flood risk management
organization will permanently be improved and can be adapted to changing conditions.
An inventory of existing best practical exercises during floods and mudflows could form part of the
preparation of a first exercise.
Tools as developed in pilot 2, are useful to interpret situations faced during the exercises. The Circle
tool (see also Chapter 4.2.2.2) is an application for working with stakeholders on cascading effects. It
collects non-technical information and uses them in combination with flood models, such as Delft3D
FM, and open data to visualize the cascading effects. These results can then be presented
immediately and assessed by the participants.
Results
- practical tools for operational water management during emergencies: procedures, manuals,
mandates
- clarity about roles and responsibilities
- short term result: a better performance during water related emergencies
- long term result: a better performance in integral river basin management
5.5

Resuming

The presented three pilots of possible follow-up initiatives, do illustrate how Chilean government
could make meaningful and concrete steps in a better preparedness to water related disasters. The
proposed steps do have cohesion: the 3-layer-watergovernance model lies at the base of their
formulation. Thus, by working on these pilots, it will improve the introduced water governance
model, and the results and effects of the work will last if the process towards the common goal is
continued.
On the mid-term, responses to emergencies in terms of too much water (floods and mudflows) or
too less water (scarcity) will be improved. On the long-term, these elements can be used as first
building blocks for sustainable water resources management. (Figure 5 – 9)
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Pilot 2: knowledge of water system

Pilot 3: learning from emergency
exercises
Pilot 1: setting up a platform

Point zero

Some years

Midterm

Long term

Tasting

Concrete products

Institutionalization

Routine

b) Shared
knowledge
physical
system

d)
Optimize
distribution
of water

f) Agree to
elements for
basin
management
t

a)
Forming
platform

Pre-c)
Write down
best
practices

c) Learning
from
emergency
exercises

e) Align
spatial
planning

g) Action
instructions
for early
warning

Figure 5-9 Connection of the3 layer model and the three workshops in the roadmap towards the ‘Oasis’
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ANNEX A – DRR-TEAM
Dutch Risk Reduction Team: reducing the risk of water related disasters
Many countries around the world face severe water threats. Often, these countries are in urgent
need of expert advice on how to prevent a disaster or how to recover from a calamity. For instance,
when a country has been struck by severe flooding and the first emergency relief workers have gone,
the need for advice on how to build a sustainable and safer water future arises. To meet these needs
with a swift response, the Dutch government has initiated the Dutch Risk Reduction Team (DRRTeam). This team of experts advises governments on how to resolve urgent water issues related to
flood risks, water pollution and water supply, to prevent disasters or to rebuild after water related
disasters. With climate change and a fast growing world population, water issues are becoming more
urgent. As a country renowned for its’ expertise on water and delta management, the Netherlands
feels a responsibility to share its’ knowledge worldwide. That is just what the DRR-Team does;
sharing expertise with governments to come up with the best possible approach/solutions for
tackling urgent water issues. Because of the unique cooperation between government and sector,
the best experts can be fielded quickly. The Dutch government offers a specific number of advisory
missions each year.
Advice for all water issues
The Netherlands has brought its best water experts together in the Dutch Risk Reduction Team. It
consists of high level advisors supported by a broad base of technical experts who can provide top
quality and tailor made expertise to governments that are confronted with severe and urgent water
challenges. The Dutch are experts in adapting to water in a changing world; from delta management
to water technology, from urban planning to governance, public private partnerships and financial
engineering.
How does the DRR-Team work?
Governments that have to deal with an urgent water issue are encouraged to contact the Dutch
embassy in their region. The embassy will liaise quickly with the Dutch government. Interventions
will only take place after a request from a central government has been received by the Dutch
government, and after a recent calamity or to prevent a threatening disaster. The DRR-Team does
not focus on emergency relief, but on sustainable solutions. If the decision to respond to the request
is made, relevant Dutch experts will be rapidly fielded to the area that is under pressure. Together
with the government and local experts, the situation will be assessed and analysed after which the
team will come up with a set of recommendations. For example advice on technical interventions
including immediate measures and long term sustainable solutions, advice on governance and advice
on financing options. The DRR-Team enables a foreign government to take action based on sound
advice and expertise.
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ANNEX B – TEAM MEMBERS
The team member of the scoping mission are:
Hans van Duijne
- Team leader
Ellen Bollen-Weide
- Expert on watergovernance
Marcela Busnelli
- Expert on river modelling and forecasting extreme events
Hendrik Havinga
- Strategic specialist on river management
Hans van Duijne Civil Engineer of the polytechnic University of The Hague, the Netherlands with
extensive experience in the management of large international projects in the field of subsurface,
groundwater, river basin management. The first twelve years he spent abroad on long term missions
in different continents on large scale water related projects (Middle East, Africa, South America). The
past 21 years he worked for Deltares as project manager in international projects with different
governments in Europe, North America and the European Commission in R&D framework projects.
The past 9 years he also acts as cluster manager Canada with several Dutch partners (businesses,
universities, government) in setting up co-operation between Canada and The Netherlands on
subjects like regional water management and resilient cities. Since 1987 the connection to Latin
America always has been strong with project on Integrated Water Resources Management in Bolivia,
Paraguay, Ecuador, Colombia and Chile. In Chile, he is advisor to the Ministry of Public Works in
setting up a water institute and Project leader of the GIRAgua project, which focusses on the water
management challenges in the river basin of the Elqui river.
Ellen Bollen-Weide has been working at the Waterauthority Rijn and IJssel, in the Netherlands, since
1998. She completed a MSc in Hydrology and Water Management at Wageningen Agricultural
University. During her career, after having started as a specialist in hydrology, she gradually
developed into an advanced specialist in integral watermanagement and it’s governance. Since 2008,
she participated in several international cooperation projects in Nicaragua and Colombia.
Marcela Busnelli is senior expert hydraulics & morphology at Royal HaskoningDHV the Netherlands.
She is a civil engineer with hydraulic specialization with more than 20 years of experience in flood
protection schemes and river basin management. She has international experience with projects in
the Netherlands, Italy, Argentina and Colombia. She obtained in 2001 her PhD degree at the Delft
University of Technology, with specialization in the numerical simulation of free surface flows.
Marcela has extensive experience in working within integral and multidisciplinary projects (as task
manager and/or expert), such as environmental impact assessments of flood protection projects in
the Rhine and Meuse delta (several Room for the River, Delta programme projects); dredging
optimization; morphological monitoring studies and analysis of closing strategies of the Eastern
Scheldt storm surge barrier. Furthermore she has knowledge of the application of Water Framework
Directive, for example as task manager working on the Water Framework Directive measures (WFD
measures) on the River IJssel.
Civil Engineer Hendrik Havinga (Technical University Delft, 1978) worked between 1978 and 2016
with the Ministry of Public Works of the Netherlands, Rijkswaterstaat office. He is an expert in river
management, specialized in river hydraulics, river morphology and flood protection. He has
participated in programs to sustainably increase the level of flood protection in rivers: Sustainable
Development of Floodplains, Room for the river and the Deltaprogram Rivers. At the moment he is
an independent consultant in river management and is strategic advisor in river engineering projects
in countries like Colombia, Myanmar (Worldbank) and Bangladesh.
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ANNEX C – MISSION PROGRAM
Date and time
Activity
January 2018
Weekend 6 -7
Arrival team
th
Monday 8 AM Briefing at the Ministry of Public
Works (MOP)
th
Monday 8 PM Meeting with companies involved
in water sector
th
Monday 8 PM Flight to Copiapó
Tuesday 9th AM Meeting with presentations of the
structural works which were
designed and under construction
with MOP, DOH, DGA
th
Tuesday 9 PM Field visit in the urban area of
Copiapo, retention works, urban
parques (inundation areas) and
downstream of Copiapo in the
rural area along the river.
Wednesday 10th Field visit to:
AM & PM

Embalse Lautaro

Sector Tierra Amarilla

Quebrada Cerrillos

Quebrada Paipote
th
Thursday 11
Meeting with different
AM
organizations:

City of Copiapo

Serviu

MINVU

ONEMI

Sernageomin

SISS
th
Thursday 11
Reporting time and preparation of
PM
mission presentation
th
Friday 12 AM
Seminar on the findisngs of the
DRR team
Progress of the works and what has
been observed
International experience incl. the
Netherlands
Conclusions of the mission so far.
Friday 12th PM
Flight to Santiago
th
Monday 15
Closing meeting at the Ministry of
AM
Public Works (MOP)

Monday and
tuesday

participants

location

MOP, DRR-team,
Embassy
DRR-team, Embassy,
Dutch companies

Santiago de Chile

DRR-team, RVO, MOP,
DOH, DGA

Copiapó, Atacama
Region

DRR-team, RVO, MOP,
DOH, DGA
(see list of participants
in Annex D)

Copiapo River
basin Urban area
and downstream
of the City
Copiapo
Copiapo River
basin upstream of
the City Copiapo

DRR-team, RVO, MOP,
DOH, DGA

Santiago de Chile

DRR-team, RVO, MOP,
DOH, DGA
(see list of participants
in Annex D)

Copiapo, Atacama
Region

DRR-team, RVO, MOP,
DOH, DGA
DRR-team, RVO, MOP,
DOH, DGA

Copiapo, Atacama
Region
Copiapo, Atacama
Region

DRR-team, RVO, MOP,
DOH, DGA
(see list of participants
in Annex D)

Santiago de Chile

Flight back to Amsterdam
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ANNEX D – COUNTERPART OF THE MISSION COPIAPO RIVER
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ANNEX E - ROOM FOR THE RIVER (THE NETHERLANDS)
In 2006 the government of the Netherlands approved of a large program of flood protection in the
'Spatial Planning Key Decision Room for the River' (SPKD). This decision contains about 30 coherent
measures in the whole Rhine river basin in the Netherlands. These measures are set out to realize
three main goals of the SPKD:
1.
2.
3.

in 2015 the Dutch Rhine river branches can safely cope with an extreme design flood discharge
of 16.000 m3/s, which is 1000 m3/s more than in 2008;
the measures will also improve the environmental quality (landscape, ecology, contamination)
of the river basin;
the extra space the rivers will need during the following decades as a result of climate change,
will be reserved for additional river measures.

Interactive approach
The SPKD covers the whole river area of the Netherlands, a substantial part of the country. Thus
numerous governments were involved, such as municipalities, waterboards, three Ministries and
their local representatives, NGO's, etc. To achieve acceptance for such an extensive plan and so many
stakeholders, an interactive approach was used. In this three main bodies were formed:






a national steering group which had to overview all the plans, make final decisions and consider
the coherence of the plans. In this group the national government and national representatives
of waterboards, municipalities and NGO's were represented.
two regional steering groups and stakeholder groups. These regional groups had to address
regional and local wishes and form coherent packages of measures, which could deal with the
objectives.
the public was informed by website, leaflets and with information-evenings throughout the area
and process.

In general the interactive planning process consisted of the following steps:
1. Strategic choices
In this step the strategic starting points of the planning were set. Examples of these were the
short and long term design flood discharge.
2. Possible measures
Together with all stakeholders in above mentioned groups a gross list of possible measure were
gathered.
3. Building tools
Together with collecting possible measures, two important tools are build: 'de Blokkendoos' and
'the design table', see further below.
4. Make alternatives
Using the 'Blokkendoos' and the design table, coherent alternatives on all river branches were
constructed which fulfilled the overall river basin objectives.
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5.

6.
7.

Regional advice
From both regional steering groups a regional advice to the national steering group was
formulated. In the advice the regions gave their preference on the alternatives.
Impact assessment
An environmental and socio-economical assessment of the alternatives was made.
Choice
Finally a river basin broad alternative was decided upon.

In this approach the river system first was viewed from the view of flood protection. Impacts on all
related interests where assessed.
The Blokkendoos and design table
The Blokkendoos is a computer program in which all possible measures in the river basin are
collected together with their effect on the lowering of the river levels and their costs. The hydraulic
effects have been calculated using a 2D hydraulic computermodel. With the Blokkendoos everyone
could make a river basin-wide alternative which fulfills the hydraulic objective of the plan. The
Blokkendoos proved useful in communicating with the stakeholders and public and in developing
trust and understanding for the choices made.

Figure E-1 Printscreen of the 'Blokkendoos'. Screen gives measures in a list in the upperside, and the hydraulic effect
(lowering of the waterlevel) of alternatives in a figure (red and blue line).
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The design table has been used in workshops with stakeholders. The design table shows the
topography of a river section and its surroundings. Measures to enlarge the river can be drawn on
the table, and the lowering of the water table due to this measure is 'immediately' calculated and
visualized.

Figure E-2: The design table Room for the River
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ANNEX F DELFT FEWS
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