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private and non-governmental sector, as well as the local and national governments. Multipurpose use
of water resources and its implications for the sustainable management under a changing climate were
discussed. In this context, 20 participants shared their experiences on MPPs by presenting study cases
from South America (12), Europe (5), Asia (2), and Africa (1). They introduced different topics, and some of
them addressed more than one topic, namely: adaptation to climate change (11), legal and political issues
(7), research projects (5), social conflicts (5) and theoretical approaches (3).
This document first analyzes the conditions and criteria to be considered for planning MPPs in high
mountain catchments. Mountain livelihoods are often challenged by their natural environment, and
climate change can induce further stress. While natural processes are comparable on global scale,
societal, institutional and regulatory aspects are not comparable between different regions of the world,
therefore they have to be systematically assessed. Nevertheless, the global demographic evolution quite
clearly indicates an increase in water, energy and food demand on global scale, which is likely to intensify
the conflicts among water users. Although, MPPs have the potential to address such conflicts among
water users by increasing the economic efficiency or reducing the long-term climate change negative
effects, the sensitivity of social aspects and the misunderstanding of the advantages of a MPP are the
main constrains for its implementation. Furthermore, a lack of knowledge on important aspects often
prevails amongst governmental representatives. Additionally, knowledge-inherent challenges can create
Figure 1: Mountain landscape of the Colombian moors. Photo: Christian Huggel

uncertainties regarding to the implementation of future MPPs. In summary, MPPs are often embedded in
complex regimes with and inherent high degree of polycentricity. Therefore, a MPP must be considered

1. EXTENDED SUMMARY

as an outcome of a consensus regarding water management, as a consolidation of interests in the basin
management rather than an aim in itself.
Recommendations and strategies for the process of planning a MPP are compiled in the second part

Mountain regions are important because they provide water and many other ecosystem services to

of this synthesis. To have success in establishing a MPP requires interdisciplinary activities along four

local communities, people located further downstream, such as large cities and industries, or even

intervention axes: 1) engineering activities, 2) coordination, 3) knowledge management, and 4) ensuring

outside the river’s catchment. These regions are increasingly changing, largely in response to climate

the sustainability during the development of the project or process phases. The aspects of needs and

change and anthropogenic developments and perturbation with severe consequences for mountain

impacts must be addressed with regard to scale, time and space, whereas stakeholders’ engagement

glaciers and high altitude ecosystems. Mountains play a critical role in adaptation strategies at various

is further compulsory. A significant relevance for the success of a MPP is related to the design of the

scales where Multipurpose Projects (MPPs) have been proposed as a comprehensive approach to best

participation process, which can be described as genuinely designed, well adapted for local circumstances

accommodate different claims requested within the water management. Engineering knowledge and

(e.g. considering social characteristics of water users, existing conflicts, water users’ native spoken

management experiences directly related to MPPs do exist due to large reference projects, which mostly

languages, etc.), and aligned with the fundamental principles and values for a sustainable water

refer to reservoir-infrastructure and currently are being executed globally; however, they remain to be

management to allow stakeholders to share their vision, responsibilities, rights and risks, as well as costs

systematically analyzed.

and benefits; and to generate the key elements of polycentric governance, such as mutual adjustment and
trust. It is indispensable to count on the participation of all relevant actors and sufficient time for mutual

4

This synthesis provides a baseline in which the main aspects to be considered for the implementation

understanding. This procedure implies that the planning process is open-ended and adaptable to the

of MPPs are highlighted, and where outcomes about the identified strategies and enabling/not enabling

results of the participatory process. Thus, the optimal MPP is a commitment which does not necessarily

factors are also provided. The present document is the result of two workshops within the Glaciares+ Project

provide an optimum output to every participant. Suggestions, which are provided for designing and

that were held in Lima (Peru) and Sion (Switzerland) in June 2018. In total, 87 experts from Peru, Bolivia,

prioritizing measures within a catchment, are illustrated through three successful examples. First we find

Colombia, Chile, Ecuador, Pakistan and Switzerland attended the workshops, representing the academic,

EGEMSA, a hydropower company in southern Peru, and its procedure for a MPP, second is Switzerland
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and the relevant place that governance has when planning a MPP, and lastly, a successful experience from
KEY MESSAGES

Chile on water management within a MP-process.
The subsequent section summarizes a vision for a MPP and the necessary steps to get there, which were
identified in Lima (Peru) and further enhanced with the discussions in Sion (Switzerland). Participants
sketched a route in which the importance of MPPs as adaptation measures is recognized through different
instances. These includes such as central, regional and local governments, and where MPPs are supported

• MPPs are adequate solutions to water supply challenges considering different claims from
users within the catchment or even beyond it.
• Climate change and negative anthropogenic practices contribute to perturbation of mountain
regions.

by institutional arrangements, precise legal regulations and guidelines for their implementation to ensure

• Existing knowledge mainly related to engineering projects need to be systematically analyzed.

the equity in the use of water for all stakeholders and to promote the sustainable development of the

• Issues addressed in this synthesis include the implementation of a MPP with considerations,

territory. The prevalent governance is the result of these policies appropriately designed that facilitate
collaborative actions. Respective institutional, legal, political and administrative regulations allow the
needs of future generations and the principles of sustainable development to be equally considered.
The horizontal and vertical coordination required between all levels of the governments needs to be
implemented as a financial strategy. The opportunities for dialogue between local communities, regional
beneficiaries and political decision-makers or regulatory authorities, are also strengthened. As such,
public decisions are scientifically sound, are based on empirical evidence, and consider findings from pilot

recommendations, strategies, enabling/not enabling factors, vision and steps to get there.
• MPPs are embedded in a complex context where social variables are specific and not
necessarily comparable to other regions.
• MPP advantages: Potential for reducing water conflicts, increasing economic efficiency and
reducing negative impacts of climate change and anthropogenic activities.
• Intervention axes for the MPP success: 1) engineering activities, 2) coordination, 3) knowledge
management, and 4) ensuring the sustainability during all the project or process phases.

projects. In this context, MPPs allow to address the twin challenge of reduced natural storage capacity in

• All stakeholders’ engagement shall be guaranteed.

mountains coupled with more rainfall variability. Thus, this approach can compensate for climate change

• An appropriate political and institutional framework is compulsory for the implementation of a

impacts and provide jobs and livelihood to local people.

MPP considering clear legal regulations, guidelines, renovation of institutions and investment
mechanisms.

To achieve this vision, governments may need to rethink and renovate public institutions linked to
water. These public institutions should promote the creation of catchment councils with participation of
representatives of all relevant sectors, or strengthen and expand them if they already exist, and establish
the mechanisms of investments for MPPs. Meanwhile, scientists are required to increase and produce

• Social and natural sciences knowledge, together with the traditional ecological knowledge, play
a key role.ge.
• A MPP is an outcome of a consensus regarding water management; it is a consolidation of
interests in the basin management rather than an aim in itself.

more knowledge in the social and natural sciences, and in particular at their intersection, important for
the formulation and implementation of a MPP; to promote research and diverse forms of knowledge to
support decisions on water resource challenges and to find ways of communicating uncertainties.
Finally, the success of a MPP will depend on the integration of public and private sectors, as well as
NGOs. It is within the private sector and planners’ responsibility to link traditional ecological knowledge in
planning; work collaborative with the government and public organizations; and gather and share lessons
learned from pilot projects.
Thanks to these efforts, the desired shift towards a more comprehensive understanding of MPPs is
considered feasible and leading towards the common aim of fully profiting from the potential which MPPs
provide for water management in high mountain catchments.

6
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advantage of water management in these lakes (Haeberli, et al., 2016).
These efforts were consequently extended to the examination of the multipurpose use of water and
related management implications under a changing climate, focusing on headwaters and contributory
catchments located in mountainous areas. In this context, two expert workshops were held in Lima (Peru)
and Sion (Switzerland) in June 2018, which results are available in this report, with the main objective of
providing a baseline by:
• making experiences and examples accessible to learn from;
• identifying strategies and enabling/not-enabling factors to be considered when planning a MPP;
• disseminating lessons learned
This report focuses on experiences gained mainly in the Andes and the European Alps and is supplemented
by selected case studies from other regions. Firstly, conditions to be considered when planning a MPP
in high mountain catchments are analyzed. Next, recommendations and strategies for the process of
planning a MPP are compiled. The subsequent section summarizes a vision for MPPs and the necessary
steps to get there, which were sketched in Lima and enhanced with considerations from the discussion
in Sion. This synthesis targets professionals at technical institutions (e.g. universities, consulting offices,
hydropower companies, and respective government departments) and shall serve as a starting point for
Figure 2: Artesoncocha Alta lake, new lake in formation in the glacier terminus of the Artesonraju glacier. Cordillera
Blanca – Peru. Photo: Office for Glacier and Lake Evaluation (Área de Evaluación de Glaciares y Lagunas), Peru.

a further systematic analysis of MPPs.

2. CONTEXT AND OBJECTIVES OF THE DOCUMENT
Mountain regions are increasingly subjects to the effects of climate change. Glacier retreat and lake
formation are among the most obvious landscape transformations. Increasing temperature and changing
precipitation patterns and multiple related impacts pose major challenges and risks to mountain and
downstream societies where water resources are often of key importance.
High mountain areas do not only provide water to local communities (and therefor assure their livelihood),
but also to large cities and industries further downstream or even outside the river’s catchment. They thus
have a major role to play in adaptation strategies on various scales, where MPPs have been proposed as
a comprehensive approach to best accommodate different claims requested within water management.
So far, a few methodological papers or specific case studies on MPPs in high mountain catchments
are available in literature only (see chapter 4). An extensive compilation or synthesis of corresponding
experiences is currently hardly available. A report prepared within the project Glaciares+ Risk Management
and the Productive Use of Water from Glaciers1 focused on how to reduce risks from glacier lakes and take

1

8

A project of the Swiss Agency for Development and Cooperation (SDC), implemented by CARE Peru and a Swiss science
consortium led by University of Zurich, together with CREALP, EPFL and Meteodat.
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institutions attended and shared the principal outcomes of the previous days and exchanged ideas (see
Appendix 8.1).
Later, a platform between authorities, research centers and private sectors was provided for two days
in Sion. Participants from national and local government (Switzerland and Peru), science, private sector
(mainly Switzerland and Peru) and consultants (see Appendix 8.2) exchanged experiences on multi-use
of water and related management, including hydraulic infrastructures and the definition of sustainable
investment strategies for hydropower and multipurpose projects in the context of a changing climate. Thus,
the Sion workshop aimed at stock taking of current expertise and experience on the subject and identifying
future challenges, working lines and partnerships.
3.1.2. Organizations and designs
Lima Workshop
The Lima workshop consisted of four working blocks. The context evolved in part one by means of
input presentations along the subjects of “adaption in high mountains and management of risks and
water resources” and “the Andean region and the impacts of climate change”. A first plenary discussion
Figure 3: Multi-use of water workshop participants in Lima. Photo: Glaciares+ Project team.

subsequently identified the main challenges to be considered in Andean high mountain catchments for the
upcoming years.

3. METHODS

In part two, a baseline was developed through input presentations involving different professional
perspectives on the concept of MPP followed by a moderated discussion gathering main limitations and
opportunities for the implementation of a MPP in Andean high mountain catchments.

3.1. Format of the workshops

The case studies presented by participants (see Appendices 8.3 and 8.4) were in a next step included in the
plenary discussion of recent progress in Andean countries around MPPs.

3.1.1. Objectives and participants

Part three featured another plenary discussion seeking to shed light on the vision, strategies and
opportunities for the implementation of MPPs in the Andean region in the upcoming years and to suggest

The present report synthesises the outcomes of two
workshops held in Lima and Sion to discuss multi-use

Lima workshop: June 06-08, 2018

of water and related management implications under a

Multi-use and multipurpose experiences

In part four, with the aim of spreading and exchanging the results of the previous days, the event invited

changing climate. For both workshops selected participants

of water in the tropical andes: integrating

institutions involved in water/risk management and/or climate change adaptation strategies. The discussion

were invited.

adaptation approaches and perspectives

with a representative of the Peruvian Ministry of Economy and Finance was the key element to open the

for risk and water resources management

In the Lima Workshop, present challenges and recent

31 + 27 participants - Lima, Peru

advances in multipurpose projects were discussed with the
purpose of scaling up the results in the Andes. Scientists

the necessary steps to get there.

possibilities of implementing MPPs in the frame of the new investment public system.
All discussion outcomes were documented in summary charts for each question and summarised in the
moderator’s report.

Sion workshop: June 18-19, 2018

Sion Workshop

and representatives from the private sector in Peru, Bolivia,

Workshop on multi-use of water and

Chile, Colombia, Ecuador and Switzerland; as well as some

related management implications under a

The first day of the Sion workshop consisted in elaborating a baseline through input presentations on

government representatives from Peru participated in the

changing climate

particular MPP-case studies (see Appendix 8.4) as well as on challenges of glacier retreat and related

three days of the event. The first two days, a closed meeting

29 Participants - Sion, Switzerland

water management under climate change. In the subsequent panel discussion, panelists and audience

with plenary discussions was held with 31 participants. The

were then given the opportunity to reflect on the challenges, opportunities, best practices and strategies

third day, other 27 invited representatives from different

for the implementation of MPPs in mountain environments.
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During the second day, a subset of participants contributed in a plenary discussion to draft the tentatively

A

B

titled document “Challenges and opportunities of multi-use of water in high mountain regions under climate
change”. The main points of the Lima workshop and participants’ conclusions from the first day were also
incorporated in the discussion on structure, input and open questions regarding the document.
Specifications of case studies provided by participants
The specifications of the case studies provided by the participants served as a discussion base to the
workshops and were concentrated in sheets appended to the present report. As for the Lima examples,
participants provided the specifications themselves and complemented them following the workshop with
the experiences they had gained during the event. Specifications of the MPP-case studies brought in the
Sion workshop were further developed following the structure specified by the Lima workshop. The case
studies’ specifications are available in the appendices 8.3 and 8.4 and are analysed in section 5.1.

Figures 4A and 4B: Plenary discussions (A) and oral presentations (B) allowed an approach to the definition of the
Multipurpose Projects on Water Resources concept. Photo: Glaciares+ Project team.

4. DEFINITION OF MULTIPURPOSE PROJECTS

3.2. ELABORATION OF THE SYNTHESIS
The workshops’ results were analysed in two steps. Firstly, the summary charts of the questions raised

There is no accepted meaning for the term MPP, even when they are included in the water resources

in Lima were complemented with corresponding outcomes of the Sion workshop. In doing so it was

policies of some countries and there are examples of its application worldwide, mainly associated to large

differentiated between generalizable statements and findings valid for a specific setting. The appraisal of

infrastructures such as hydropower plants and dams. The discussions held in the workshops, allowed

challenges and opportunities is presented in section 5.1, while the vision elaborated and suggestions on

to build an agreed definition which conceive MPPs as long-term solutions designed and/or operated to

how to get there are described in section 5.5. Secondly, participants’ contributions were screened regarding

serve two or more purposes that consist in the implementation of efficient structural measures (reservoirs,

their experiences in the process of planning a MPP. Findings were compiled as recommendations and

hydropower plants, etc.) as well as non-structural measures (green infrastructure, conjunctive water

advisable strategies in the sections 5.3 and 5.4.

management, water use regulation, etc.) that engage all relevant stakeholders.

In addition to the abovementioned case studies’ specifications, the speakers’ presentations, photos, the

In the context of integrated water resources management, the design and planning of projects often implies

moderator’s report of the Lima workshop and the audio recording of the discussions in Sion serve as a base

important challenges mainly related to:

of this synthesis. They are available upon request.

• Conflicts among competing water activities or users. Water needs and priorities differ among the
different activities and consumptions and often compete against each another (Branche, 2017).
• Economic efficiency. Water management projects (and especially water storage infrastructures such as
reservoirs) are usually expensive, which can be a strong limitation. Greater efficiencies can be achieved
by adopting least-cost options, at the same level of service as alternatives and investing in projects
with multiple beneficiaries.
• Long-term climate change negative effects. Climate change is likely to induce an increasing variability
in rainfall, agricultural production, floods, etc., which eventually will affect water availability and quality.
This is even more severe in high mountain regions that depend greatly on already retreating glacier
bodies. In such context, old solutions may become obsolete in the near future.
Traditionally, these aspects are managed separately without considering that they are interconnected,
leading to inefficiencies in the processes. The aim of MPPs is tackling these issues by achieving several
objectives simultaneously with a long-term perspective (Branche, 2017; Haeberli, et al., 2016) which would
help reducing the shared costs of a project and increasing the social and ecological system resilience.
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Although it is best to conceive it at the design level, a MPP may come from the adaptation of a main

Closely related to this, the SHARE concept (Branche, 2015) or the MRC3 Guidelines (MRC Initiative on

single-purpose project during its planning stage, during operation, or in the long term when re-engineering

Sustainable Hydropower, 2015) were proposed to help decision-makers in the governance management of

becomes necessary.

multipurpose water projects. Although the engineering aspects of such solutions would not be substantially
improved, significant advances on newer approaches to planning, economics and sustainable development

Typical MPP applications are water supply, irrigation,
hydropower or flood mitigation (to consult some of these

are still possible.
Typical applications of a MPP:

applications see the Appendices 8.3 and 8.4). Originally

Figures 5A, 5B, 6 and 7 provide examples of MPPs. Existing experiences indicate different types and scales

conceived for satisfying some of these objectives, MPPs

• Water supply

progressively tend to cover other purposes of interest

• Irrigation

such as sediment management course, protection

• Ecosystem services

from upstream outburst floods (glacial lakes, barrier

• Hydropower

lakes, etc.), firefighting, artificial wetlands or barriers

• Navigation

to saline water intrusion, or also recreation, tourism or

• Flood and drought management

aquaculture (ICOLD, 2016).

• Maintain and manage stream flow

of implementation.

A

• Recreational activities and tourism

Until recently, a MPP would correspondingly almost

• Fishery

exclusively refer to the use of new or existing

• Snow production

infrastructure such as dams or hydropower plants
to achieve these goals. Newer approaches consider

B

fundamental the application of non-structural solutions: application of better practices to exploit water
resources; conjunctive management of ground and surface water (Alam, 2014); raise public awareness on

Figures 5A and 5B: Public space (A) and
Gardening area (B) in floodable area as part
of the BRACED program, Senegal. Photo:
Kalid Essyad

water issues, etc. As such, they can move beyond issues of water supply to water security, which includes
also access and quality of water in addition to water availability or quantity. Moreover, a new framework has
arisen for the definition of such projects under a more collaborative perspective that fosters participatory
decision making processes where all stakeholders must be involved, which in return could revert to local
benefits (Hensengert, et al., 2012; Wolf, 2010).
MPPs therefore range from multiple installations on catchment scale (see Figure 1), small and large
infrastructures (see Figure 3 and 3) and non-infrastructure (see Figure 44). The success of the MPP relies
in a broader context which implies negotiations between the involved actors, articulation of the different
government levels and the lead role of the local government in the process to guarantee the sustainability
of the project (a Multipurpose Process). To reach this governance and collaborative work between different
users to propose and execute a project, demands more time, and in most of the cases, requires important
efforts to ensure coordination and understanding between water users.
To account for this increasing diversity and to help applying this new broader multi-use approach, new
guidelines and strategies have been defined worldwide in recent years. For instance, an ICOLD2 Committee
on Multipurpose Water Storage (MPWS) was launched in 2013 (Hughes, et al., 2017) to recommend essential

Figure 6: Table dam, on the Indus River in Khyber
Pakhtunkhwa, Pakistan. Photo: Paul Duncan, U.S.
Marine Corps, 2010

Figure 7: Wetlands at the foot of Mount Sajama, Bolivia.
Photo: Hose Venasco

elements and emerging trends for planning and implementation of multipurpose water storage projects.

ICOLD = International Commission on Large Dams

2
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5. SYNTHESIS OF THE RESULTS OF THE WORKSHOPS
5.1. MPP EXPERIENCES
During the two workshops in Lima and Sion, talks by the participants addressed a certain number of

Legal and political issues were also mentioned by several speakers. In Peru, following the new law on

achieved, planned or possible MPPs which are systematically analyzed in Table 1 and specified separately

water resources, councils of water resources (Consejos de Cuenca, in Spanish) had to be created at

in the appendices 8.3 and 8.4, respectively. The present section aims at giving a summary of these various

watershed scales, often including several administrative regions not used to work together, which was a

and complementary contributions.

big source of conflicts. The concerned project (Factsheet 5) followed the process to help in the reduction
of conflict sources. The incoordination between institutions was also pointed out in a project in Pakistan

The presentations (which are detailed in several “Factsheets” in the Appendix) revealed that experience

(Factsheet 16).

in the field of MPP exists, mostly in interaction with hydropower or water storage dams. Several projects
listed objectives of MPP in relation to water storage and hydropower generation, among which we can
Factsheets

mention regulation of water for agriculture and domestic consumption, hydropower, flood protection and

Total

Water supply

2, 3, 6, 7, 9, 10, 13, 14, 15, 16, 17, 18, 19

13

Irrigation

3, 5, 6, 7, 8, 9, 10, 13, 14, 16, 17, 19

12

Hydropower generation

2, 10, 11, 12, 13, 15, 16, 17, 18, 19

10

Flood protection

1, 2, 11, 12, 13, 14, 17, 18, 19

9

Ecological objectives

1, 2, 4, 10, 12, 13, 17, 19

8

Tourism-oriented objectives

10, 12, 13, 17, 18

5

context. Whereas in Peru an increase in quality of life for poor population living nearby is a major criterion

Sediment management

1, 2

2

(Factsheet 18), environmental issues such as hydropeaking reduction and reconstruction of natural

Sanitation plans

6

1

habitats are advanced in Switzerland (Factsheet 12).

Adaptation to climate change

2, 3, 6, 8, 10, 11, 14, 16, 17, 18, 19

11

Legal / political issues

5, 9, 10, 14, 15, 16, 19

7

Research projects

1, 4, 12, 13, 17

5

to a risk reduction approach. For instance, there is a proposal for building a tunnel to lower the level

Social conflicts

3, 5, 10, 14

4

of a glacier lake in Peru that at the same time will allow a better management of the water supply to

Theoretical approaches

12, 15, 17

3

South America

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 14, 18

12

Europe

11, 12, 13, 17, 19

5

Asia

15, 16

2

ecological and tourism-orientated objectives (Factsheet 4, Factsheet 13).
In the projects related to hydropower, turning the project into a multipurpose one was often explained
by the need of social acceptance of the project (it means that the MPP was not originally designed as a

Purposes covered
by a MPP

MPP). Interestingly, the main complementary objectives of hydropower projects differed according to the

Storage capacity was not linked to hydropower in all interventions. The concept of MPP can also be applied

downstream populations (Factsheet 14). Sanitation plans, aiming, for example, at a high level of waste
water treatment, were also mentioned as examples of MPPs, given that they contribute to a healthier
environment, protect natural habitats and have a positive impact on the economy (Factsheet 6).
Some of the presentations focused on more theoretical approaches, and proposed conceptual and analysis
frameworks, such as a research that analyzes how to make multipurpose projects more sustainable
(Factsheet 2) or regional programs aiming at a change in policy, precipitating institutional effectiveness

Topics treated by
case study

Geographic region

Table 1: Systematization of participants' case studies from Lima (11 examples) and Sion (9 examples) attached in the
appendices 8.3 and 8.4, respectively. The factsheet number indicates where the reader can find the information, while Nr
shows the total number of cases for each particular topic (e.g. water supply, irrigation, etc.).

and increasing coordination between beneficiaries (Factsheet 15).
Climate change was also a recurrent theme on both research and construction or infrastructure projects.
Effects of climate change on local communities have, for example, been investigated in Bolivia in order to
prepare a climate change adaptation plan (Factsheet 8). Climate change is also expected to have an impact
on the operation of hydropower reservoirs due to the expected increase in water shortage in summer for
which large reservoirs could contribute to the water supply. However, this would transform the current
practices in Switzerland, in which water is collected between spring and fall to generate hydropower
mostly in winter (Factsheet 11).
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5.2. CONDITIONS FOR PLANNING MPPS IN HIGH MOUNTAIN CATCHMENTS
In both workshops, great effort was spent on identifying current conditions, such as challenges,

as well as the future demand for water which

opportunities and restrictions of a MPP established or planned for high mountain areas to define the

is challenging to forecast. Nevertheless,

current working environment as a base for future developments. This section summarizes the current

the global demographic development quite

state, differentiating between generalizable statements and findings that are valid for a specific setting.

clearly indicates an increase in water, energy
and food needed on global scale, and climate

5.2.1. Natural and social environment

change-induced stress can be assumed
coming on top of it. For Switzerland, an

Current situation

ongoing study introduced in Sion, assesses

High mountain catchments are often of immense relevance on national or even international scale due

water availability and demand on a local and

to their rich natural resources and their role as a source of water providing critical ecosystem services

regional scale. Preliminary results showed

to downstream regions. Head of rivers or tributaries to some of the major European rivers like Rhone,

that water shortages have to be expected

Rhine, Danube and Po are located in the Alps, for instance. When planning on taking advantage of these

under extreme runoff conditions, especially

resources embedded in high mountain areas, a set of considerations must be taken into account:

on a local scale. Because of this increasing

High mountain catchments are often characterized by their remote and hardly accessible location; by

competition over water resources, the

a vulnerable biodiversity, which is often unique and worthy of protection; by gravitational processes

planning of a MPP in a high-mountain

imposing natural hazards and risks; by richness in other natural resources which may be exploited (e.g.

catchment needs to be addressed within the

mining); by a local population which lives in poverty in many regions worldwide due to the absence of

climate-water-energy-food nexus.

basic services, limited connections or marginalization. The local population quite often also depends on

While natural processes are comparable on

productive activities that strongly connect with weather and climate conditions. The Andes, for example,

global scale; the societal, institutional and

often embrace agriculture, while tourism represents one of the relevant productive sectors in the European

regulatory aspects in different regions of the world cannot be compared with each other and should be

Alps. In summary, mountain livelihoods are often under stress.

assessed individually. The community of Phinaya, a pilot area for a project of EGEMSA (Peru), for example,

Figure 8: Modelled future lakes and hazard potential may
serve as input for planning of future water use under
consideration of emerging risks (NELAK, 2013).

is characterized by extreme poverty and lack of access to basic services such as water, sanitation, energy,
Under future conditions

health and education; a nonexistent condition in the Alps.

On top of these difficult conditions, climate change

Pakistan is among the 10 countries that will be

imposes challenges of reduced natural water storage

most affected by climate change according to

5.2.2. Governance: Policies, regulatory framework and financing

capacity in mountains due to declining snow and

the climate risk index 1997-2016 ranking

Despite the diversity of social conditions in different regions as described above, there still prevail

glaciers coupled with more rainfall variability, which

some common patterns amongst different geographical regions. For instance, natural resources are

is likely to have important effects on water systems,

institutionally governed. Often, a MPP affects several natural and limited resources, which are regulated

adjacent agriculture, sediment flux regimes and natural hazards in highly vulnerable areas to climate

in different, partly incoherent, public policies and property rights. Such MPPs are therewith embedded

change impacts. As such, models clearly indicate peak discharges in Europe further moving from summer

in complex regimes that have a high degree of polycentricity and contradictory incentives in resource

(glacier melt) to spring (snow melt) with continuing glacier recession.

management. In the Andes, public policy is described as weak because it is much of a top-down process,

These scenarios bare robust trends, like glacier shrinkage or temperature increase, and continuous

although a recent opposite phenomenon is taking place, for example, in Bolivia where social organizations

progress in science can provide important support for decision making. For instance, modelled views

and indigenous population are gaining strength. In Switzerland, democratic participation processes are

on future landscapes indicate locations of future lake potentially forming in topographic overdeepenings

much more developed and institutionalized, which is often not yet the case in other regions, for example,

exposed as glaciers further retreat. Corresponding work has recently been globally advanced, and

the Andes. Another common challenge is the financing of MPPs. Especially in the Andes, monosectoral

examples are here provided from Switzerland (Figure 5) and Peru (Figure 6). Several case studies include

public investments and unclear legal regulation regarding investment into MPP as well as bureaucratic

them as a basis for planning a MPP (Factsheet 11, 13).

barriers are considered challenges. In principle, this is due to an inexistent legal and economic framework

Despite these considerable advances, uncertainties posing challenges to decision makers have not yet been

for MPPs.

overcome. On the one hand, greenhouse gas emission pathways or precipitation trends remain uncertain,
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Figure 9: Inventory of modeled overdeepenings in glacier beds in the Cordillera Blanca, Peru, indicating location and
extension of future lakes potentially forming as a consequence of glacier recession (Guardamino et al., 2018).
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MERESE = Reward Mechanisms for Ecosystem Services (Mecanismo de Retribución por Servicios Ecosistémicos),
Peru. Voluntary financial compensation scheme to recover, conserve, and make sustainable use of ecosystems. Under
this scheme, the payers or benefi-ciaries of conservation activities in high-elevation Andean ecosystems (hydropower
generating companies, agricultural producers, irrigation boards, etc.) pay a compensation to the taxpayers (communities
in the highlands), who are responsible for pro-tecting the ecosystems. This ensures the sufficient availability of water
resources i.a. This mechanism is named differently in other countries (e.g. Pago por Servicios Ambientales (PSA); Pagos
Equitativos por Servicios Hidrológico (PESH).
4
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governments, which was particularly described true for the Andes. Because of scarce documentation,
insights into local circumstances are hardly accessible to outside stakeholders, which complicates
elaborating suitable and acceptable solutions. The understanding of such social-environmental
relationships is fortunately ongoing thanks to international scientific efforts and to the formation of local
research institutions such as the Instituto Javeriana del Agua in Colombia.
On top of such knowledge-inherent challenges then come uncertainties regarding future developments.
Uncertainties in climate development and future potential of water production are quantifiable, as outlined
in section 5.2.1. Uncertainties implied in development of policies and in future water demand are, however,
still hardly assessable.

Figura 10: Example of a MPP application which has a regulation system since 1970. It plays the double role of protection
against floods and generation of electricity. However, conflicts related to the administration of the hydro-energy plant
and local communities strengthen the relevance of coordination and negotiation processes between actors within a MPP
implementation. Photo: Google Earth Pro.

5.2.4. Knowledge
Interdisciplinary knowledge and management experiences directly related to MPPs are not yet
systematically analyzed but do exist in relation to large reference projects, which mostly refer to reservoirinfrastructure, currently being executed globally (for some examples, see Factsheets 1, 2, 11 and 13).
Social impracticability and missing understanding for the necessity of and the advantages provided by a
MPP are major obstacles in its implementation, especially regarding the construction of new reservoirs.
Further, public decisions are often strongly influenced by momentary incidents rather than by long-term
considerations. Independently of whether this is a consequence of culture or of limited knowledge on
interrelations, this behavior introduces sudden changes in perceptions and priorities of local population,
which is a further challenge when implementing a MPP. One example is Laguna 513 (Peru), where an early
warning system got impeded by local inhabitants because water availability gained importance over risk
reduction as a consequence of a drought in 2016 (Factsheet 14). Missing knowledge of the local population
can therewith be judged problematic not only when implementing a MPP but in general, as it decreases
local communities’ resilience to climate change and other challenges.
Complementary, a lack of knowledge on important subjects often also prevails amongst governmental
representatives. A consequence of the subject’s complexity and the uncertainties afflicted, this condition is
often the reason for missing participation of public institutions in the planning process. Additionally, a lack
of knowledge on the socio-environmental history of the area concerned often prevails amongst central
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5.3. COMPILATION OF RECOMMENDATIONS AND STRATEGIES FOR THE PROCESS OF PLANNING A MPP

the other hand, may not be allowed nor depend on fully benefiting from the MPPs output. If insufficiently

According to the regime a potential MPP is embedded in (see section 5.2.2.), the planning constitutes a

considered, this challenging situation bears the potential to impede the successful realization of a MPP.

consolidation of interests. Therefore, an MPP should be considered an outcome of a consensus finding

Along this line of argumentation and because they allow for dealing with local extremes, Perveen et al.

regarding water management rather than an aim in itself. By carrying out this process properly, an

(2010) consider the level of watersheds, which are based on watershed divides, to be the most appropriate

effective implementation is achievable. Success stories and systematically reviewed elements of planning

and meaningful scale for analyses of water resources, contrary to other applications where country-scale

a MPP presented by workshop participants are compiled in the following lines.

assessments are suggested.
When analyzing needs, it has further to be taken into account that those on short-term may differ from

5.3.1 Principles and value propositions

the ones on long-term, and that both have to be satisfied. While this time-factor introduces additional

Principles to be followed and values proposed as a basis of sustainable MPP water management were

complexity on one hand, it also provides an opportunity to enhance sustainability on the other hand. An

presented in the SHARE-concept elaborated by Electricité de France and the World Water Council

output-portfolio adaptable to a long-term future allows for risk reduction on the operational side, which

(Branche, 2015). Bearing in mind that at least one of the purposes anticipated was hydropower, the concept

is especially desirable under a changing climate. The spatial factor is also inherent to the design and

is in line with other statements from the workshops. The principles of “Shared vision, Shared resource,

implementation of a MPP. Physical and social features, interactions and challenges need to be considered

Shared responsibilities, Shared rights and risks, Shared costs and benefits” are recommended to drive all

for planning and assessing the option that best accommodates the catchment territory. Sustainability

planning activities, resulting in solutions meeting the goals:

cannot be achieved while the spatial factor remains marginal to the process.
Nonetheless, these three aspects (scale, time and space) depict the responsibility degree of end-users and

Sustainability approach for all users – The degree to which multipurpose

Principles:

hydropower reservoirs can achieve sustainable development objectives

Shared…

depends on careful planning.

… Vision

Higher efficiency and equity among all sectors – Economic data and innovative

… Responsibilities

financial mechanisms are crucial for equitable and efficient construction,

... Rights and risks

operation, management and governance.

… Costs and benefits

beneficiaries of a MPP. To ensure connection between the diverse elements and to embrace obligations
arising from this responsibility, an underlying fundament is required.

Intervention axes
Engineering activities

Adaptability for all solutions – It is essential to provide greater flexibility
lifetime of the reservoir. See the discussion on notion of time and scale for more reflections (section 5.3.1).
River basin perspectives for all – An integrated approach is essential to reach a holistic view of the river
basin and will be further outlined in section 5.3.4.
Stakeholder Engagement – It is critical for success in multipurpose reservoir management in terms of
sustainability and efficiency and will be addressed in detail in section 5.3.3.
5.3.2. Intervention axes and elements of MPP
MPPs are complex undertakings which are usually located in a complex and polycentric environment.
Hence, successfully establishing a MPP requires activities along several intervention axes and therewith

Contingency plan
Negotiations

Scale (Needs / Im-Pacts)
Time (Needs / Impacts)
Space (Needs / Impacts)

and adaptability in the way water is allocated among users during the entire

Elements to consider
Technical solution

Coordination

Reaching agreements
Management and organization
Capacity building

Knowledge management

Knowledge dissemination
Integration of traditional ecological knowledge
Evaluation of the context: socio-cultural, juridicalinstitutional, physical-environmental

Ensuring sustainability

Constant monitoring and implementation of lessons
learned also throughout the lifetime of the mpp
Participation of all the involved actors and sectors since
the beginning of the process.

interdisciplinary lines of action during several phases, which are pre-investment, during the investment
and post-investment phase. In the workshops, the identified elements of an MPP, which naturally exhibit

Table 2: Non-chronological list of elements to consider when managing an MPP and classification along intervention.

a high degree of interconnectivity, can roughly be classified along four axes (Table 2). During all these
activities, the aspects of needs and impacts must be embraced taking into account the scale, time and
space. Further the question of who is in charge of leading the activities has to be defined separately (see
also example 1 in section 5.4).
Assessing and addressing needs and impacts is a question of scale. As outlined in the introduction
(Chapter 2), the need of a MPP may emerge from a region further away and not being impacted by the
physical implementation of the MPP, while areas bearing the consequences of the implemented MPP, on
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5.3.3. Key elements in designing the stakeholder engagement
Significant relevance in the success of a MPP is attached to designing the participation process. Challenges
and therewith specifications of stakeholder engagement differ from region to region – the social situation in
Peru is, for example, not comparable to the corresponding circumstances in Switzerland (see section 5.2.1).
Key elements of polycentric governance where nevertheless identified as
globally applicable and the following recommendations to the design of a
participatory process were formulated (Jordan, et al., 2018):
To aim for the same goals, a shared understanding of the reality is a
precondition. It can be achieved by elaborating a shared understanding of
the problem, in which the above-mentioned aspects of scale, time and space
are adequately considered (section 5.3.1). This process has further influence
on power relations.
Once this baseline is established, a shared vision and shared goals need
to be elaborated, including a representation of the future landscape so

Key propositions of
polycentric governance
(jordan, et al., 2018)
- Local action
- Mutual adjustment
- Experimentation

A

B

- Trust
- Overarching rules

everybody pictures the goal. Overarching rules are helpful in this regard.
In Switzerland, for example, the national energy strategy recently facilitated the successful planning of an

Figures 11A and 11B: Field trip that took place in the context of a Winter School (August, 2017) aimed at designing
MPP pilots on intervention areas of the Glaciares+ Project. Participation of local actors from the San Isidro de Chicón
community (Peru) such as community leaders, municipality authorities, researchers from the local university, the
president of the irrigation committee, etc. enabled clarification of social, political and cultural features from the Chicón
basin. Photos: Fabian Drenkhan (A) and Christian Huggel (B).

MPP in a region, where past efforts had failed (see example 3 in section 5.4).
Another challenge arises from general mistrust among the local population towards the authorities and
external experts often related to limited involvement of local actors. To generate the equally crucial soft

The -steps mentioned below are recommended for planning an individual measure. It is suggested that the

factors, mutual adjustment and trust of the local stakeholders, a process with participation of all relevant

project lead in this phase is granted to the institution more closely related with the main purpose of the MPP,

actors, and providing enough time for mutual understanding, are indispensable. This topic should not be

whereas the responsibility of each activity remains with its corresponding institutions.

left to capacities or prioritization in companies, as it is often the case today. In cases of strong diverging

• Identify and develop synergies between project goals before the design phase

interests or incoherence in legal aspects, outside mediation was suggested helpful by participants of the

• Understand how the system works

Sion workshop, whereas Lima’s participants rather voted for catchment counsels.

• Highlight the key factors (Qualitative modeling)

A participatory process is only successful if genuinely designed. This implies that the MPP has to be open-

• Quantify the system behavior

ended and it is adaptable to the results of the participatory process.

• Optimize the layout and operation of the hydropower plant. E.g., regular flushing is the key to maintain

5.3.4. Approach to designing and prioritization of measures in a catchment

In this case, it is also important to keep in mind that the optimal MPP is a compromise that does not provide

Considering the aspects introduced in section 5.3.1., the following procedure is suggested when planning.

the optimum output to every player.

storage volume and safety.

During this phase, the lead should be with an overarching institution, often located at the national level.
• Assess the conditions at basin scale.
• Understand actors’ current needs and future perspectives of their territory, particularly of local
communities (see Figures 8A and 8B).
• Identify key components to be protected and challenges to be solved.
• Elaborate development scenarios (considering changes in climate and long-term hydrology).
Approaches to the evolution of social variables are also necessary.
• Identify impacts and benefits with multi-criteria analyses (SWOT-Analyses).
• Elaborate recommendations regarding water and environment management and regarding
prioritization of measures.
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5.4. SUCCESSFUL EXAMPLES
To illustrate some of the above outlined
recommendations, a set of examples from the
appendices 8.3 and 8.4 are evaluated.

Example 3: Relevance of governance in planning
MPPs – experiences from Switzerland
Summary: three hydropower projects were planned

Example 1: Procedures for a MPP: suggestions

in the grimsel-trift-area under different preconditions

from EGEM-SA, Peru

and with diverging outcomes. In 1906 a power
plant was successfully planned at lake grimsel.

Summary: a hydropower company cannot

At that time, the system featured a low degree of

implement different users' projects as they

polycentricity as framing acts and regulations were

are not within its responsibility. The over-all

not yet established. For 1999, the expansion of this

management of the catchment should thereby

power plant wasdesired . Meanwhile, the degree

be with the national water agencies. The

of consistency had been enhanced by a set of

pre-investment and construction phases are

regulations and the correspondent stakeholders. The

nevertheless led by the hydropower company

fundamental differences in goals (nature protection

and all stakeholders commit to start their

vs. Expansion of hydropower) and the insufficient

respective projects in the same moment. In the

inclusion of stakeholders have imped-ed the success

operational phase, each entity then takes over

of the project until today.

its responsibility. The hydropower company pays

By the time the power plant at lake trift was planned

taxes based on the income gen-erated which

(accepted in 2017), the complex coherence had been

are then assigned to finance the other users’

extended again by the national energy strategy

projects.

forcing all players to the common goal of expanding

Appraisal: this procedure is in line with the world

renewable energies. The conscious in-volvement

bank strategic vision of the central governments

of all stakeholders additionally enabled minimizing

delivering services (e.g. Water availability);

objection.

ensuring sustainability; and leading to long-term

Appraisal: these examples illustrate the relevance of

issues. It also fits well with the idea underlying

the polycentric governance key propositions and the

MERESE and other comparable instru-ments.

stakeholders’ engagement on the social practicability
of a MPP.

Factsheet 18

Factsheet 17

5.5. OUR VISION ABOUT MPPS AND HOW TO GET THERE
Based on the analysis of the current situation, a vision for MPPs was developed during the workshops and
the necessary steps to get there were identified in Lima. The outcomes, containing a focus on the Andean
region, are summarized in the following topics and enhanced with considerations from the discussions in
Sion.
Water management
The importance of MPPs as adaptation measures by the central, regional and local governments is
recognized and MPPs are becoming more widespread.
• MPPs are considered water-enhancing measures in watersheds that provide multiple benefits.
• MPPs are systematically considered as risk management projects, especially in cases of high risks with
low probability.
High mountain socio-ecosystems count with integrated management plans.
• Efforts in coordinating and negotiating MPPs are enhanced to prevent conflicts.
• Objectives are harmonized to cope with the inevitable effects of climate change and the growing water
demand.
MPPs ensure equity in the use of water for all stakeholders and support the sustainable development of
the terrain.
• High mountain communities are involved in and make use of the MPP.
• MPPs feature citizen acceptance because of being developed with and for the different actors in the
territory.
• MPPs embrace infrastructural and non-infrastructural solutions.
• MPPs are implemented under local agreements with equitable compensation mechanisms, MERESE
being one possibility.
Operational management of a MPP is resilient and built on a clear understanding of the relationship
between culture and nature.
• Every country counts with a central Executive Unit providing technical and methodological support and
thereby enabling the development and implementation of MPP-initiatives.
Participants of the Sion workshop agreed on the river-basin perspective to be adapted in water
management. International players (SDC or World Bank) in particular act on this scale, and formulated the
following amendments:
• High mountain zones and climate change policies are placed on political and investment agendas.

Example 2: Managing water in a MP-process – a success story from Chile

• Non-aligned interests and potential conflicts emerging are addressed by outlining common visions in
Summary: in 2014, Aguas Andinas, the water and sanitation service provider in Santiago (Chile), faced a drought. To
supply the demand, it leased water from other sectors, such as energy, agriculture and mining, to maintain the flow of the

participatory processes (section 5.3.3.) and by strengthening the pertinent institutions.
• Water management is based on trust-building processes; likewise, high levels of trust facilitate

El Yeso reservoir. Under this scheme, water rights holders who do not need the resource in certain seasons rent it out to

sustainable water management. Building trust is a long-term process that needs to be addressed with

the other sectors that do need it. The leased rights are then returned in wet periods. This scheme requires negotiations,

care and dedication.

reaching agreements, management and organization.
Appraisal: the success of this process was based on working well along all four intervention axes of a MPP. Also, on
considering non-infrastructural solutions and contemplating water management as a process rather than a project.
Factsheet 6
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Policies and Governance

Natural and social environment

A policy is defined by precise and legal regulations and guidelines necessary for the implementation of

In the Sion workshop, additional points regarding the function of MPPs in their environment were formulated:

MPPs. Governance is a derivation of the correctly designed policies and allows for collaborative actions.

MPPs are addressed within the climate-water-energy-food nexus because of the increasing competition

• Actions of interest are prioritized with comprehensive knowledge of the territory and defined budgets.

over water resources.

• MPPs are part of public policy and regulations.

• A multi-use perspective on water resources is taken.

• MPPs are aligned with public policy and regulations.

• Other and/or new landscape features (e.g. newly forming lakes or wetlands) are also considered in

Institutional, legal, political and administrative regulations have been implemented, which allow the needs

water management.

of future generations and the principles of sustainable development to be considered at the same time.

• Sectorial coordination, as well as national and international collaborations, are improved.

Corresponding horizontal and vertical coordination between the levels of government, including a financial

• MPPs are adequately classified in the range of measures to address water scarcity: Firstly,

strategy, is implemented.
Opportunities for dialogue between local communities, regional beneficiaries and political decision-makers

consumption is reduced or efficiency in water use is improved respectively; and secondly, water
distribution is improved; and thirdly, water output by power plants may be increased.

or regulatory authorities are strengthened.

MPPs allow addressing the twin challenge of reduced natural storage capacity in mountains due to

• Catchment councils are implemented.

declining snow and glaciers coupled with more rainfall variability and, thereby, compensate for climate

• Participation of local communities in the process of decision making of a MPP is granted.

change impacts.

The Sion workshop participants supported the relevance of strategies and bringing the topic onto political

• MPPs provide water security all year long and compensate for the shift in peak discharge from glacier

and investment agendas. They were unsure about being able to overcome incoherent public policies and
contradictory incentives in resource management than Lima’s participants, who considered the pressure
to adapt the regulations was good enough. Transformation of legal aspects was considered difficult if not

melt from summer to spring.
• The systems are more resilient to climate variability thanks to the implementation of no-regret
measures.

even unrealistic. Thus, recommendations are:

MPPs provide jobs and livelihood to local people.

• The focus is how to handle incoherence in the corresponding participatory process.

• MPP aims at increasing resilience of the local people.

• Outside mediators are a component of the planning process.

Figure 9 shows the implementation of a dam in the Swiss Alps with hydro-energy purposes, control of
potential floods and a touristic attractive with revenues for locals. Not serious socio-environmental conflicts

Knowledge

have been identified, but mostly disagreements refer to water taxes and the amount of water released

Public decisions are scientifically sound and based on empirical evidence.

downstream the dam (see Factsheet 11).

• Corresponding research in the natural and social sciences is advanced. Traditional ecological
knowledge is integrated with advances in social and natural sciences.
• Capacities are developed through training of new, interdisciplinary professionals and further education
of leaders in various sectors.
Some pilot projects are conducted providing helpful findings and knowledge that can be applied on future
design and implementation processes of an MPP.
• Robust impact assessment systems are established.
• MPPs feature monitoring schemes accounting for their effectiveness.
• Awareness of environmental and water issues is present.
In Sion it was pointed out that uncertainties in climate change and in water production are quantifiable,
whereas uncertainties in policy and water demand development are unknown.
• “Understandable” information on uncertainties is provided to decision makers.
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Figure 12: : Mauvoisin
Dam in the Swiss Alps, a
multipurpose example.
The dam is also an
anticipated measure
against potential
avalanches from Glacier
Giétro (in the right side
of the photo). Photo:
Wilfried Haeberli (1974).
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How to get there

6. CONCLUSIONS AND REFLECTIONS

Political institutions
• Modify the institutional framework (legal-political-administrative) according to the principles of sustainable
development (local, adaptive, collaborative).

Water management in high mountains is challenging and requires considering many aspects. From the
workshops it became clear that MPPs feature the potential to provide adequate solutions. The shared

• Rethink and restore public institutions linked to water.

experiences revealed that the concept of MPP is widespread and mostly implemented in form of large

• Establish local, transparent institutional arrangements in river basins with a binding character in decision-

infrastructure projects embracing hydropower reservoirs. In the Andean region, some countries have

making for water management, e.g. in the form of catchment councils with participation of representatives of

even incorporated MPPs in their respective water resource policies, even though experiences are not yet

all relevant sectors.

systematically analyzed or further defined, and miss out on including small projects or non-structural

• Establish financial or investment planning mechanisms for MPPs.

solutions. The shift towards a more comprehensive understanding of a MPP is regarded as desirable

• Allocate fundraising for ecosystem services contribution schemes, such as MERESE, to initiatives prioritized by

but transformative. Based on the previous chapters, the most important outcomes are provided in the

local communities.

following statements.

• Integrate public policies with scientific research.

6.1. LESSONS LEARNED
Scientists

MPPs and their success depend on participatory water resource management and are hence the result

• Model future landscapes.

of basin management. Since the governance of water resources is strongly linked to the territorial

• Find ways of communicating findings and uncertainties

governance, implementing a MPP involves knowledge of the social-ecological and physical setting; dialogue

• Promote research and knowledge in the social and natural sciences to support decisions on water resource

and negotiation between different users; prioritization of needs in a basin and beyond; inter-institutional

management and challenges.
• Identify, characterize and value the social and cultural aspects of MPPs.

coordination; incorporation of risk management and adaptation to climate change; management of the soil
to avoid sediment problems; and the complement of structural measures with non-structural ones. The
MPP planners are often located in the private sector, therefore, they need to work collaboratively with the

Planning and private sector

government and public and social organizations in a catchment.

• Promote research and knowledge to support decisions on water resource challenges. Make use of experiences
from countries featuring a long history in hydropower (e.g. Switzerland) or South-South exchanges.

Accordingly, MPPs do not feature any self-purpose nor are they to be characterized as an end in themselves.

• Link traditional ecological knowledge in planning.

In fact, MPPs should rather be recognized as a means to successful water management in a catchment,

• Establish georeferenced information on vulnerability and hazards and engage with population, de-cision makers

which considers all relevant needs and impacts under the notion of scale and time.

and private sector with respect to the relevance of risks.
• Work collaboratively with government and public organizations, participate in catchment coun-cils and
fundraising scheme for ecosystem services contribution schemes, for example.
• Gather and share lessons learned from pilot projects.

While challenges exist at technical, legal and financial levels, challenges at social and institutional levels
are particularly important. Natural processes and engineering issues are comparable between regions of
the world. Societal and institutional issues, on the contrary, feature the largest differences globally; hence,
they cannot be compared with each other. As a consequence, stakeholders’ engagement in a participatory
process well adapted for local circumstances is crucial.
To support MPPs, governments are required to establish clear guidelines with methodological diagrams
for their implementation, and to ensure their compliance by providing technical and methodological
support to corresponding initiatives.
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6.2. CRITICAL FACTORS OF SUCCESSFUL MPPS
Successful MPPs are often not the ones aiming at the best solution for one type of use. Successful MPPs:
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beneficiaries. As a result, they may be considered a process rather than a project.
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participatory process, and the inclusion of all stakeholders in the decision making process, involving
common problem framing amongst all stakeholders, is key and it influences power relations.
• Feature an adaptive capacity. The MPP is planned with the aim to increase resilience of local people
and ecosystems. This strategy prevents conflicts from arising due to the gap between origin of needs
and scale of impacts.
• Represent no-regret measures aiming to make the system more resilient to climate variability and get
the support of local as well as of international institutions.
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8. APPENDICES
8.1. LIST OF PARTICIPANTS: LIMA
Last name
June 06-07, 2018

First name

Institution

Abasolo
Anicama
Barriga
Berroeta

Jose
Jahir
Lesley Mercedes
Carlos Alberto

Autoridad Nacional del Agua
CARE Perú
Universidad de Zúrich
Aguas Andinas

Cancino
Castillo
Castro
Chirinos
Choquevilca
Drenkhan
Fuster
Glave
Gómez
Guardamino
Haeberli
Jaggi
Jimenez
Molina
Muñoz
Nuñez
Odar
Oré
Ortiz
Ostolaza
Pacheco
Paredes
Price
Rodríguez
Sarmiento
Valenzuela
Vargas

Zorobabel
Elena Angela
Jimmy Esteban
Orlando Hernán
Walter Florencio
Fabian
Rodrigo
Manuel
Miguel Ángel
Lucía Yesabell
Wilfried
Martin
Elizabeth Norka
Armando
Randy
Julissa Violeta
Edgar Segundo
María Teresa
César Enrique
Jocelyn Patricia
Paula Lady
Luciano
Karen Melissa
Silvia Cristina
Carlos Enrique
Fernando
Roque Dolores

Moderador
CARE Perú
CARE Perú
CARE Perú
Pontificia Universidad Católica del Perú / Universidad de Zúrich
Universidad de Chile
Grado / Pontificia Universidad Católica del Perú
Ministerio de Economía y Finanzas
Universidad de Zúrich
Universidad de Zúrich
Agencia Suiza para el Desarrollo y la Cooperación
Universidad Mayor de San Andrés
Universidad de Quenca
Universidad de Zúrich
CARE Perú
CHAVIMOCHIC
Pontificia Universidad Católica del Perú
Pontificia Universidad Javeriana
Agencia Suiza para el Desarrollo y la Cooperación
Agua Sustentable
CENEPRED
CARE Perú
Ministerio del Ambiente
Conservación Internacional
CARE Perú
Instituto Nacional de Glaciares y Ecosistemas de Montaña
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Last name
June 08, 2018
Alva
Torres
Ortega
Huamán
Adrianzén Panduro
Silvestri Somontes
Aguirre
Gianella
Cardich Salazar
Puémape
Echevarría Suárez
Rojas Perea
Vargas
Lescano
Castillo Peñazola
Cisnero Vargas
García Carbajal
Ríos
Molina Rocca
Rojas
Rivera Minaya
Soto
Armas Benites
Valencia
Obando
Vilchez
Olaya Rivera
Chávez
Camillo

First name
Alberto
Luis
Armando
Sharon
Carlos
Carlos
Mario
Cecilia
Catherine
Yolanda
Wilfredo Jazer
Edith
Carlos
Carlos
Gina
Carlos
Edgar
Giancarlo
Alessandro
Rubí
Violeta
Raquel
Yessica
Omar
Oscar Felipe
José
Roberto Dimas
Ralf
Milton

Institution
Autoridad Nacional del Agua
Autoridad Nacional del Agua
Barrick
Barrick
CELEPSA
Centro de Competencias del Agua
CONDESAN
CONDESAN
GIZ
GIZ
Ministerio de Agricultura
Ministerio de Agricultura
Ministerio de Agricultura
Ministerio de Agricultura
Ministerio de Energía y Minas
Ministerio de Producción
Ministerio de Producción
Ministerio de Producción
Ministerio de Producción
Ministerio de Producción
Ministerio de Vivienda, Construcción y Saneamiento
Ministerio de Vivienda, Construcción y Saneamiento
Ministerio del Ambiente
Pontificia Universidad Católica del Perú
SENAMHI
SENAMHI
SUNASS
Universidad de Chile
USAID
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8.2. LIST OF PARTICIPANTS: SION

8.3. SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: LIMA
1. FACTSHEET - MOLINA

Last name
June 18, 2018
Adler
Albrecht
Alligné-Münch
André
Azmat
Brunner
Cochacin
Darbre
Essyad
Fasel
Fluixa
Foehn
Frey
García
Huggel
Imboden
Kaufmann
Kellner
Knubel
Kull
Matos
Oberrauch
Petersen
Schaub
Schleiss
Schmid
Schmocker-Fackel
Truffer
Warthon

First name
Carolina
Raoul
Cécile
Stéphanie
Muhammad
Manuela
Alejo
Georges
Khalid
Marc
Javier
Alain
Holger
Javier
Christian
Beat
Manfred
Elke
Thomas
Daniel
Joe Pedro
Felix
Lene
Yvonne
Anton
Jérémy
Petra
Amadée
Dax

Institution
Mountain Research Initiative (Iniciativa de Investigación de Montaña)
Forces Motrices Valaisannes (FMV)
University of Applied Sciences Western Switzerland (HES-SO)
Stucky
National University of Sciences and Technology, Islamabad Campus,
Pakistan and University of Zurich (UZH)
Swiss Federal Institute for Forest, Snow and Landscape Research
(WSL)
National Water Authority (ANA), Peru
Swiss Federal Office of Energy (SFOE)
BG Ingénieurs Conseils
Université Genève
Research Centre on Alpine Environment (CREALP)
École Polytechnique Fédérale de Lausanne (EPFL)
University of Zurich (UZH)
Research Centre on Alpine Environment (CREALP)
University of Zurich (UZH)
Alpiq
Swiss Agency for Development and Cooperation (SDC)
University of Bern
Département de la mobilité, du territoire et de l’environnement
(DMTE) - État du Valais
World Bank
Stucky
Pöyry
World Wildlife Fund (WWF)
University of Zurich (UZH)
École Polytechnique Fédérale de Lausanne (EPFL)
University of Applied Sciences Western Switzerland (HES-SO)
Federal Office for the Environment (FOEN)
Service de l’Énergie et des Forces Hydrauliques (SEFH) – État du
Valais
Empresa de Generación Eléctrica Machu Picchu S. A. (EGEMSA), Peru
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Personal data from participant
First and
last names

Armando Molina Verdugo

Profession

Agronomist

Working
institution

Universidad de Cuenca - KULeuven

Country

Ecuador - Belgium

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
The areas of execution are located in the Central and Southern Ecuadorian Andes, between 1,500 m.a.s.l. and 4,500
m.a.s.l. Climate varies with altitude; therefore, at higher elevations temperatures decrease and precipitation become
intensified. The landscape is made up of steep slopes and relatively flat valleys. Moorland vegetation is predominant at
over 3,200 m.a.s.l., and under this altitudinal belt we find the Andean cloud forest and agricultural lands.
The population has traditionally settled in the inter-Andean valleys due to favorable climate, soft topography and fertile
soils. How-ever, population growth and socioeconomic development have generated greater pressure on the land and
caused a spatial redistribution of the population. In search of new means of subsistence, poor peasants have been
forced to move to lands in the highest parts of the mountains. These areas are less suitable for agriculture, and are
particularly susceptible to soil water erosion and mass movements. Changes in land cover have contributed to land
degradation with adverse consequences for agriculture and watershed yield at the basin level, and have increased
sediment loads in rivers.
In Ecuador, the waters that come from the high mountain basins are used for different purposes, but mainly for
hydroelectric genera-tion, drinking water and for irrigation. Large dams have been built by the Ecuadorian state and in
the last decade the construction of multipurpose dams has increased substantially.
Main socio-environmental conflicts linked to water:
The high demand for water from the high Andean basins as a result of population growth, urbanization and
socioeconomic improvement, has contributed to the generation of socio-environmental conflicts between private
companies, peasants and public utilities of drinking water and electricity. Currently, public water companies have
purchased large areas of moorland with the aim of conserving and restoring the soils of these ecosystems. Moreover,
river basin management organizations that involve engineers, technicians and the local population have been created.
Main challenges related to the integrated water management:
The main challenge that can be identified is the integrated water management for different purposes. This is in a
context in which the moor ecosystems have been subjected to livestock grazing and crop planting, and forests have
been deforested for agricultural purposes. Populations settled downstream suffer the consequences with significant
decreases in river flows as well as increased flooding as a result of the degradation of the soil of the slopes. This
process has caused conflicts among the populations settled in the lower areas, who demand an integrated management
of the basins in order to satisfy their needs.
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1.

Land use change, runoff and erosion in a degraded catchment in the Andes: determining pathways of
degradation and recovery. Analysis of water and sediment generation mechanisms at the slope scale,
and the transfer and delivery to the river system in degraded mountain basins. Plant cover and land
management substantially control runoff and sediment generation at the slope scale. These results
highlight the great potential of revegetation programs to mitigate soil erosion and surface runoff in this
region. Runoff and sediment generation can be significantly reduced by identifying highly erodible areas in
which to implement vegetation recovery programs.

2.

Spatial and temporal modeling of sediment fluxes at regional scale integrating experimental data collected at
the plot, hillslope and catchment. Quantification of the effect of land-use changes on sediment flows at the
regional level. Sediment flows are highly sensitive to the plant cover. Small changes in the surface plant
cover can have a great impact on the sediment flows throughout the basin. A small increase (from 10% to
25%) in surface plant cover can lead to a significant decrease (60%) in the production of sediments.

3.

Impact of forest cover change on water supplies in the headwater of the Ecuadorian Andes. The aim was to
improve the understanding of the vulnerability of freshwater ecosystems to the degradation and recovery
of forests, and to contribute to the estimation of the costs and benefits of the conservation and restoration
of forests in high-Andean basins. It was found that: (1) the initial state of an ecosystem conditions its
hydrological response to anthropogenic changes, (2) reforestation of a degraded basin can have a
positive impact on water and sediment flows, and (3) a better regulation of peak flows is achieved by the
reforestation and revegetation of degraded lands. It can be concluded that there is an absolute need for
an integrated mountain ecosystem management in order to reduce the environmental impact of forest
transition.

4.

Anthropic impact of the land use changes on geochemical processes of soil and water production in
high-Andean ecosystems. Assessment of the effects of deforestation and afforestation on river flows
in a high-Andean basin. It was found that land use dynamics has a greater impact on the provision of
direct and indirect benefits of mountain ecosystems. Deforestation increases the likelihood of natural
hazards (e.g. landslides) and increases the rates of water erosion; while afforestation of well-preserved
ecosystems, such as moors, has a very negative impact on flow regulation, with a significant decrease
after afforestation due to the increase in evapotranspiration.
The source data for the projects was collected in coordination with the participating universities and public
and private institutions involved. Specific information, such as precipitation and flow, soil type, lithology, maps
of land use, among other, was generated within the framework of the projects. In general, when no baseline
information was available, the projects were responsible for generating the information with the aid of
undergraduate and graduate students, and through field monitoring campaigns and laboratory work.
In the framework of the research projects, the implementation has largely been viable due to the
agreements signed between universities, public and private institutions and NGOs. In this framework,
all actors had to undertake commitments, among which were to provide the necessary facilities and
equipment, as well the infrastructure for the operation of projects, etc.

Implemented multipurpose projects information
1.

Name of the
implemented
project(s)

2.
3.

4.

1.
Organizations
2.
and/or
3.
institutions
involved in its
implementation/
formulation
4.

Duration

1.
2.
3.
4.

Land use change, runoff and erosion in a degraded catchment in the Andes: determining
pathways of degradation and recovery carried out within the framework of the Inter-University
Project Toward integrated catchment management in tropical mountain areas: the problem of
sediment management, Paute River, Ecuador.
Spatial and temporal modeling of sediment fluxes at regional scale integrating experimental
data collected at the plot, hillslope and catchment scale
Impact of forest cover change on water supplies in the headwater of the Ecuadorian Andes
executed in the framework of the project FOMO (Remote sensing of forest transition and its
ecosystem impacts in mountain environments) and CUD-PIC (Strengthening the scientific and
technological capacities to implement spatial vectorcardiography integrated land and water
management schemes adapted to local socioeconomic and physical settings).
Anthropic impacts of land-use changes on soil geochemical processes and water production in
high-Andean ecosystems.

University of Cuenca (Ecuador), Katholieke Universiteit Leuven (Belgium), and the Flemish
Interuniversity Council of Belgium (VLIR-OI).
University of Cuenca (Ecuador) and Katholieke Universiteit Leuven (Belgium).
University of Cuenca (Ecuador); Catholic University of Louvain (Belgium); Catholic University of
Leuven (Belgium); National Water Secretariat (SENAGUA-Ecuador); Cuenca-Ecuador’s Municipal
Company for Telecommunications, Water, Sewerage and Sanitation (ETAPA EP); Academy of
Research and Higher Education, Wallonia, Belgium (ARES) and Belgian Science Policy (Belspo).
University of Cuenca (Ecuador), Cuenca-Ecuador’s Municipal Company for Telecommunications,
Water, Sewerage and Sanitation (ETAPA EP) and Ecuador’s Secretariat for Higher Education,
Science, Technology and Innovation (SENESCYT).

Project
summary

2003-2007
2008-2009
2010-2015
2015-2016

Further information can be consulted in:
Molina, A., Vanacker, V., Brisson, E., Mora, D., Balthazar, V., 2015. Multidecadal change in streamflow
associated with anthropogenic disturbances in the tropical Andes. Hydrol. Earth Syst. Sci. 19, 4201-4213.
Balthazar, V., Vanacker, V., Molina, A., Lambin, E.F., 2015. Impacts of forest cover change on ecosystem
services in high Andean mountains. Ecological Indicators 48, 63-75.
Molina, A., Vanacker, V., Balthazar, V., Mora, D., Govers, G., 2012. Complex land cover change, water and
sediment yield in a degraded Andean environment. Journal of Hydrometeorology, 472(-473), 25 - -35.
http://doi.org/10.1175/JHM505.1 http://doi.org/10.1175/
Molina, A., Govers, G., Van den Putte, A., Poesen, J., Vanacker, V., 2009. Assessing the reduction of the
hydrological connectivity of gully systems through vegetation restoration: field experiments and
numerical modelling. Hydrol. Earth Syst. Sci. 13, 1823-1836.
Molina, A., Govers, G., Cisneros, F., Vanacker, V., 2009. Vegetation and topographic controls on sediment
deposition and storage on gully beds in a degraded mountain area. Earth Surface Processes and
Landforms 34, 755-767.
Molina, A., Govers, G., Poesen, J., Van Hemelryck, H., De Bièvre, B., Vanacker, V., 2008. Environmental
factors controlling spatial variation in sediment yield in a central Andean mountain area. Geomorphology
98, 176-186.
Molina, A., Govers, G., Vanacker, V., Poesen, J., Zeelmaekers, E., Cisneros, F., 2007. Runoff generation in an
Andean ecosystem: interaction of vegetation cover and land use. Catena 71, 357-370.
Vanacker, V., Molina, A., Govers, G., Poesen, J., Deckers, J., 2007. Spatial variation of suspended sediment
concentrations in a tropical Andean river system: The Paute River, southern Ecuador. Geomorphology 87, 53-67.
Vanacker, V., von Blanckenburg, F., Govers, G., Molina, A., Poesen, J., Deckers, J., Kubik, P., 2007. Restoring
dense vegetation can slow mountain erosion to near natural benchmark levels. Geology 35, 303-306.
1.
2.

Location

3.
4.
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The basin of the Burgay river (455 km²) and the basin of the Jadan river (296 km²) located within the
watershed of the Paute river in the province of Azuay.
The basin of the Jadan river (296 km²), located within the watershed of the Paute river in the province of
Azuay.
The basin of the Burgay river (455 km²) and the basin of the Jadan river (296 km²) located within the
watershed of the Paute river in the province of Azuay, and the basin of the river Pangor (282 km²) located
in the province of Chimborazo in the central region of Ecuador.
The basin of the Pangor river (282 km²) located in the province of Chimborazo in the central region of
Ecuador.
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8.3. ESPECIFICACIONES DE LOS PARTICIPANTES: CASOS DE ESTUDIO LIMA
2. FACTSHEET – ORTIZ, DOMINGUEZ, BENAVIDEZ
Duration

Personal data from participant
First and
last names

Cesar Ortiz, Efrain Dominguez, Juan Benavidez

Profession

Docentes e investigadores

Working
institution

Pontificia Universidad Javeriana; Facultad de Estudios Ambientales y Rurales.
http://fear.javeriana.edu.co/

Country

Colombia

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area
Colombia, with just 0.8% of the world area, is classified as one of the seventeen countries with more biodiversity in
the world. Colombia has 18 ecological regions, the highest number in Latin America, and 65 types of ecosystems. The
basins of rivers such as Magdalena, Cauca and Amazonas create important water socio-ecological systems and permit
that water resources availability per capita in Colombia in 2007 was 45,408 cubic meters, well above the world’s
average of 8,209 in the same year.
Main socio-environmental conflicts linked to water:
The introduction of artificial systems oriented to reduce uncertainty in the management process of water can boost
the process of change in rural territories and their governance systems, hence affecting the socio-ecological fabric. As
a result, several environmental conflicts are considered: e.g. intensification of use and extraction of natural resources,
land use changes, impacts on livelihoods of local communities, and landscape transformations.

Project
summary

Location

three years
the main development outcome sought from S-Multistor is more sustainable multipurpose
storage for hydropower generation, food production, flood defence, and other uses of water.
The S-Multistor project addresses two central questions:
a) How can system-scale multipurpose dams and reservoirs be best positioned and cooperatively
operated in river basins to increase regional water, food and energy security while protecting
public safety and desired socio-ecological processes?
b) How can the design and operation of individual dams and reservoirs be optimised and made
more sustainable in terms of governance, erosion and sedimentation, downstream flows, and
climate resilience?
The S-Multistor project hopes to obtain the following changes in practice:
El proyecto S-Multistor espera obtener en la práctica los siguientes cambios:
1. Ensuring that future storage planning begins at a system scale with strategic consideration
of multiple objectives in the placement and design of new dams and reservoirs, including
minimizing unwanted socio-ecological impacts and complementing gray infrastructure with
green infrastructure.
2. Ensuring that the planning, design, and operation of individual dams apply best practices
across a spectrum of sustainability topics corresponding to those in the HSAP and extending
to consideration of future climate change.
colombia in the area of the Magdalena basin, Southern Africa in the area of the Zambezi basin,
and Irrawaddy basin and Myanmar Mekong basin in Laos.

Main challenges related to the integrated water management:
S-Multistor Project works at a system scale (river basins, including transboundary waters) and at an individual dam/
reservoir project scale to address the limited sustainability of multipurpose storage infrastructure when meeting
the demands for food, energy, public health, safety, and environment. The main challenge considers technical and
governance aspects of dams and reservoirs supporting large-scale irrigation systems, hydropower generation, public
water supplies, and flood/drought protection.

Implemented multipurpose projects information
Name of the
implemented
project(s)

Organizations
and/or
institutions
involved in its
implementation/
formulation

S-Multistor Project

Magdalena Basin, Colombia

Zambezi Basin, South Africa

Irrawaddy Basin Myanmar
Mekong Basin Laos
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8.3. ESPECIFICACIONES DE LOS PARTICIPANTES: CASOS DE ESTUDIO LIMA
3. FACTSHEET - SARMIENTO
Personal data from participant
First and
last names

Carlos Enrique Sarmiento Pinzón

Profession

Geographer

Working institution

International Conservation - Colombia

Country

Colombia

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
The "Adaptation to Climate Impacts in Water Regulation and Supply for the Chingaza-Sumapaz-Guerrero Area" Project
is executed in four hydrographic micro-basins located over 2,700 m.a.s.l. around the metropolitan area of Bogota and 21
neighboring municipalities, with an estimated population of 10 million inhabitants and important industrial enclaves. The
prioritized areas contribute to the water supply to 15% of said population. The natural ecosystems cover remnant areas
of moorlands, sub-moorlands, forests and high-Andean wetlands. While there are many ways of protecting these areas,
in the basins prioritized by the project, these ecosystems occupy less than 20% of their original surface.
The rural areas of this region are characterized by the development of an economy based on milk production and
potato cultivation, a predominantly peasant-based community with different organizational levels, as well as large
and medium-sized producers. Demographically, these areas show various trends. On the one hand, traditional peasant
families are decreasing. Given the wider access to education, younger generations are now seeking new forms
of employment in nearby urban areas and even in the Colombian capital, Bogota. However, the area intended for
agricultural activities is on the rise thanks to the continued practice of land tenure systems. In specific sectors there
is a shift towards other types of economies such as rural tourism and holiday houses, to take advantage of the ease of
communication with Bogota.
Climate change and hydrological response scenarios show a tendency to an increase in temperature close to 1 °C
by 2100. At the same time, total annual rainfall could increase by 20%. However, this trend would not be uniform
throughout the entire year. During the rainiest months (JJA) the average monthly rainfall would increase while the dry
season (DEF) could be extended to five months. These changes would have a significant impact on rural livelihoods,
water regulation and water supply for human consumption, and economic activities in general.
Main socio-environmental conflicts linked to water:
The local institutional context is characterized by a robust regulation mainly oriented toward the conservation of
biodiversity and ecosystem services, but without adequate instruments of integral management geared toward
the well-being of local communities and facilitating community participation. The concern for the conservation of
water resources and associated ecosystems has led to the creation of a variety of protected areas (National Parks,
Forest Reserves and Integrated Management Districts), as well as other complementary strategies (protection of
moors, conservation of the main ecological structure of the capital district), which instead of facilitating the integral
management of water and local participation, have become sources of local conflict and even limitations for the
implementation of adaptation options.
Locally, the peasant population has faced various situations arising from access to water considering the variability
inherent in high mountain areas. On the one hand, an apparent increase in the severity of dry periods associated with
the El Niño Phenomenon (decrease in rainfall, increase in temperature and frequency and intensity of frosts), has led
to negative economic impacts on producers, while jeopardizing the supply of water for consumption at the farm level
and the beneficiaries of the water supply in nearby municipalities. This has led to disputes among community members
due to the increase of informal supply networks. The most intense periods of rainfall have resulted in damages to water
supply infrastructure, particularly at a rural scale.

Implemented multipurpose projects information
Name of the implemented
project(s)

Adaptation to Climate Impacts in Water Regulation and Supply for the ChingazaSumapaz-Guerrero Area

Organizations and/or
institutions involved
in its implementation/
formulation

The Global Environment Facility (GEF), the Inter-American Development Bank (IDB),
Ministry of the Environment and Sustainable Development (MADS), Bogota Water and
Sewerage Company (EAB), Institute of Hydrology, Meteorology and Environmental Studies
(IDEAM), the Regional Autonomous Corporation of Cundinamarca (CAR) and Regional
Autonomous Corporation of Guavio (Corpoguavio). The project is executed by International
Conservation - at the request of the Ministry of the Environment.

Duration

From August 2014 to August 2019
The overall aim of this project is to strengthen the buffering and hydrological regulation
capacity of the high areas of the selected basins in the project area, considered strategic
as an important part of the city of Bogota's supply system and the water regulation of the
savannah of the same name. The expected impacts of the project are the following: (1)
maintain or increase the buffering capacity and hydrological regulation of high mountain
ecosystems (moors and forests of the high-Andean regions) under conditions of climate
variability and change; and (2) increase awareness of the alternatives of adaptation and
lessons learned from field experience in high mountain ecosystems.
• Component 1 (Knowledge Management): This component aims at analyzing the
vulnerability to climate change under land use planning and management of
watersheds.
• Component 2: Adoption of adaptation measures to cope with the impacts of climate
variability and change in the hydrological balance of the areas: This component
focuses on advancing adaptation measures for land use and basin planning and
execution. Strategic adaptation measures that will directly address the net effect of
climate variability and change on water regulation and storage shall be implemented.

Project
summary

The project is starting its implementation phase of adaptation measures. As a general
model, the project team and the local authorities created spaces for rapprochement
with the community to discuss the scope of this initiative, define areas and priority
intervention measures in restoration, rehabilitation and conversion of production
systems, and establish a work schedule. Preliminary agreements were subsequently
entered into with different families who expressed interest in participating in the project.
However, current legislation on protected areas and strategic ecosystems (limiting or
prohibiting the development of agricultural activities and which has been a source of
multiple conflicts) has proven to be more of a hindrance rather than an opportunity,
affecting the materialization of signed agreements and, therefore, the implementation of
adaptation measures.

Main challenges related to the integrated water management:
1) The alignment of multiple entities often with divergent interests and missions; requires an adequate interinstitutional coordination, needed to execute the actions of adaptation, as well as regulations that promote paths
toward sustainability more than toward a ban on agricultural activities.
2) Local communities tend to organize around productive activities, but little in the way of local water management.
Likewise, the main beneficiaries of regulation and provisioning services (urban population, agroindustrial and
industrial activities) still do not recognize nor value the importance of preserving ecosystems or favoring actions that
mitigate the impacts of conservation decisions on the local population.
3) Little is known about the measures on adaptation to climate change and variability and their effectiveness to
mitigate their effects. The design of community-based monitoring systems (including the gender approach) should be
reinforced with the aim of building local knowledge about the impacts of climate change on water regulation and on
local ways of life.

Location
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The project was prepared based on a preliminary hydrological study that sought to
establish the relationship between the persistence of natural vegetation and hydrologic
flow and under the assumption of precipitation as a result of climate change for the
following decades. With this approach, it was determined that with an increase in the
area of plant cover in the moor and high-Andean forest ecosystems a 10% increase
of water availability during the dry season could be achieved. With the scenarios built
during component 1, it is possible to specify that the expected changes are of an intraannual nature, whereby precipitation could increase during the rainy season while the dry
season could be extended, thus increasing the water flow gap supplied between the wet
and dry seasons. Currently, the project seeks to generate primary information to establish
the relationship between the different types of plant communities and productive
arrangements in water regulation.

Municipalities of Tausa and Cogua (Zone 1), Sesquile and Guatavita (Zone 2), Guasca
(Zone 3) and Localidad 4 of the Capital District (Zone 4). Department of Cundinamarca,
Colombia.
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8.3. ESPECIFICACIONES DE LOS PARTICIPANTES: CASOS DE ESTUDIO LIMA
4. FICHA TÉCNICA - ODAR
Personal data from participant
First and
last names

Edgar Segundo Odar Laos

Profession

Agricultural Engineer

Working institution

The Chavimochic Special Project

Country

Peru

The purpose is to establish the foundations for technical, scientific and applied
research collaboration which would allow the management and implementation of
joint actions relating to scientific research, as well as the recovery and conservation
of mountain ecosystems and ecosystem services that they provide to the population.
Likewise, the project promotes the execution and implementation of forest
development activities for protection in the micro-basins of the Tablachaca river subbasin.

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
The Santa river basin is located in the northern coast of Peru, in the department of Ancash. The Cordillera Blanca
lies In the upper and middle parts of the basin, on the right side of the main river. It is characterized by its glacier
peaks and the Protected Natural Area of the Huascaran National Park. On the left side is located the Cordillera Negra.
The total length of the river is 347 km, reaching its maximum flow rates during the rainy season and its minimum
during the dry season. During the dry season, the river is fed by the rainfall and contributions from melting snow and
seepages of subsurface flows which emerge towards the watercourse. Along its path, the river is used for different
purposes, whether for domestic purposes, for agricultural, livestock, fishery, industrial, mining, recreational activities
or for the generation of power energy.
When used for agriculture, small-scale farmers living in the upper, middle and lower parts of the Santa river basin
are supplied with water from the river. In addition, a portion of its waters is diverted to meet the deficit demands
both on the left bank, the Lacramarca, Casma, and Sechin valleys (Ancash region, Chinecas Project) and on the right
bank, the Chao, Viru Moche and Chicama valleys (La Libertad region, Chavimochic Project).
A large part of the Cordillera Blanca is covered by glaciers, as well as forests, grasslands, highland marshes
and wetlands. This area is prone to biodiversity loss, the presence of avalanches, major floods, and natural soil
contamination with heavy metals (which is compounded by deglaciation when exposing soils to water erosion). In
addition, bad anthropic practices accentuate these effects and affect the water quality of the Santa River and its
tributaries due to the existence of mine tailings, abandoned mine tailings fields, discharges of domestic wastewater
and solid waste from population centers, agricultural production, etc.
Main socio-environmental conflicts linked to water:
There are major social conflicts over water, especially for irrigation. This is exacerbated during the dry season when
the two irrigation projects must be supplied by water. Conflicts could be aggravated when either special projects
incorporate all of their production areas or the flow of the Santa River reduce during the dry season. Therefore,
measures or technical actions have to be developed to solve or mitigate these problems.

Project
summary

In the baseline, the basin management approach is used and, within the basin, direct
intervention is by sub-basin. Each one of these focuses on the environmental, social
and economic aspect. One of the areas where work has been carried out is the Quillcay
sub-basin. This sub-basin is made up of the micro-basins of Shallap, Cojup and
Quillcayhuanca. The fenced plot to work sediment control is located in the Cojup subbasin, on which a riverside defense will be established resulting from the reforestation
with alder trees. The Pinus radiata plots are located in the Quillcayhuanca micro basin,
with a representative sample of 200 ha of plantations, incorporating shrub species to
improve water regulation. Water quality and volume monitoring activities are being
carried out in all three micro basins. Therefore, the baselines for each plot, both with
regard to the plant cover and the soil, are available, and from there the plant cover will
be monitored twice a year (during the wet and dry seasons), and the soil, on average,
every three years.
The Chavimochic Project cannot directly implement Multipurpose Projects in water
resources in the upper Santa basin, therefore, it has opted to enter into interinstitutional agreements with local governments, public and private institutions of
the department of Ancash and the peasant communities themselves. The Regional
Government of Ancash is promoting entering into an interregional cooperation
agreement with the Regional Government of La Libertad to carry out actions that
would be environmentally beneficial for the Santa river basin.

Location

Provinces de Pallasca, Recuay, Huaraz, Carhuaz, Huaylas

Main challenges related to the integrated water management:
Have an inter-regional instance that could solve social and environmental deterioration problems in the Santa River
basin, which has been reflected in a reduction of water quality and quantity, mainly during the dry season. This
instance would allow a coordinated management of water resources and thus enable the equitable distribution of
water, considering the adequate protection and conservation of the Santa river basin.
Implemented multipurpose projects information
Name of the
implemented
project(s)

1.
2.

Inter-Institutional cooperation agreement between the Chavimochic Project and
the National Institute of Glaciers and Mountain Ecosystems Research (INAIGEM).
Inter-Institutional cooperation agreement between the Provincial Municipality of
Pallasca, the National Forest and Wildlife Service (SERFOR) and the Chavimochic
Project.

Organizations and/or
institutions involved
in its implementation/
formulation

Local government of Pallasca, INAIGEN, SERFOR, Agro Rural Ancash, Huascaran National
Park, EPS SEDALIB, peasant communities

Duration

Five and three years, respectively, starting in 2018
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8.3. ESPECIFICACIONES DE LOS PARTICIPANTES: CASOS DE ESTUDIO LIMA
5. FACTSHEET - ORE
As a result of the new Water Resources law, the National Water Authority aimed
at creating Councils of Water Resources for all basins nationwide and implement
the Integrated Management Water Resources. Our research project began when
the National Water Authority set out to create the Council of Water Resources in Ica
and Huancavelica in 2011. This was, however, a source of conflict between the two
regional governments particularly considering that irrigation water management in
Huancavelica is assumed by the communities themselves and their own authorities,
which was unknown to state officials. Therefore, the challenge was even greater.

Personal data from participant
First and
last names

Maria Teresa Oré Velez

Profession

Sociologist

Working institution

Master’s Degree in Water Resources, Department of Social Sciences of the Pontifical
Catholic University of Peru (PUCP)

Country

Peru

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
The study area is the Ica river basin and the Alto Pampas in Huancavelica. It is a basin shared by the regional
governments of Ica and Huancavelica. The Huancavelica region is located in the central highland area. To the north
it borders Junin, to the south Ayacucho, to the east Apurimac and to the west Ica. Within the region, the provinces
are highly fragmented; they have better relationships with their neighboring regions than amongst themselves. It
possesses a great variety of ecological areas and climates. Its territory extends from 700 m.a.s.l. up to 5.300 m.a.s.l.
Ever since colonial times its main productive activity has been mining, but since the latter part of the nineteenth
century so has raising livestock which it does to export its wool and alpaca fiber. A large amount of its livestock is
lamini and, to a smaller extent, ovine and bovine. In recent years, fishery has gained importance as a commercial
activity. While agriculture is an activity that demands a large amount of labor, this only takes place at the middle area
of the basin and its production is mostly for the domestic market and consumption. The area doesn't have snowcapped mountains, though there are numerous lakes, particularly in the provinces of Castrovirreyna and Huaytara.
The Huancavelica region has 640 peasant communities (CEPES, IBC, 2016) and, in spite of having a large amount of
natural resources (minerals, water, energy, etc.), it is one of the provinces with the highest rate of extreme poverty in
the country in the range of 49.5% to 55.5% (INEI).
In the last decade, Huancavelica has been intensifying livestock production, especially of lamini in the upper area of
the basin and its agriculture in the middle area of the basin. Added to this is the growth of the city of Huancavelica
which has intensified its demand for water consumption. That is why over the past few years regional governors
have had as the main item on their agendas the defense of water for Huancavelica, in response to any claims from
the peasant communities.

Project
summary

During this time, it has been possible to follow the process which evidences the
inequality between the two regions, the diversity of actors, the formation of coalitions
and their different forms of power in the basin. In addition, the different strategies of
the coalitions of actors in Ica and Huancavelica are also put into evidence, as well as
differences within the same state agencies at local, regional and national level.
In conclusion, by late 2017 both regional governments went from open confrontation
to dialog, which entailed different forms and mechanisms of negotiation between
the various actors. This resulted in the creation of the regional commonwealth
of Huancavelica and Ica and, subsequently, the formation of the Council of Water
Resources of Huancavelica and Ica. There are still problems and issues pending, but
the creation of these regional bodies in the basin indicate great progress and the
possibility of an integrated management of water adequate to the reality of the area.

Location

The Ica river basin and the Alto Pampas in Huancavelica.

Main socio-environmental conflicts linked to water:
Water is the main claim of Huancavelica natives against demands and requests of the Ica region. In the 1950s,
following a major irrigation project water was diverted from one of the major lakes of Huancavelica to the Valley of
Ica. Since then, said lake located in Huancavelica territory was under the control and jurisdiction of an Ica institution.
This created a series of conflicts. These conflicts have worsened in the last 10 years as a result of the water
emergency in Ica and the construction of a new water diversion project to this region to replenish the aquifer.
Main challenges related to the integrated water management:
They are diverse, but emphasis is placed on the following: The integrated water resource management approach is
based on the idea of a homogeneous country; however, it does not take into account the country’s social, economic
and cultural diversity, particularly in high mountain areas. Here water management is the responsibility of the
peasant communities and their communal authorities, and often openly contradict state norms insofar as the latter
prioritize individual rights and do not take into account collective rights which communities do.
Implemented multipurpose projects information
Name of the
implemented
project(s)

State and scarcity: Public Policies and water emergence in the Ica river basin and the
Alto Pampas in Huancavelica.
An analysis of the sustainable management of water resources

Organizations and/or
institutions involved
in its implementation/
formulation

Pontifical Catholic University of Peru and the German Development Cooperation (GIZ)

Duration

2011-2013 / 2014-2017
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6. FACTSHEET - BERROETA
Personal data from participant
First and
last names

Carlos Alberto Berroeta Bustos

Profession

Civil engineer

Working institution

Aguas Andinas S.A.

Country

Chile

Organizations and/or
institutions involved
in its implementation/
formulation

Aguas Andinas, General Directorate of Water, Catholic University of Chile, University of
Chile, Centre for Global Change, Maipo Channel Society

Duration

2000-2017
1. Sanitation Plan for Santiago: achieve 100% wastewater treatment for Santiago.
All sanitation plans are by themselves multi-purpose projects as they both help improve
the population’s health and greatly contribute to the environment and economy of
the country. With this project, Chile visibly saw a decrease in intestinal diseases and
completely eradicated typhoid fever just by promoting irrigated agriculture with water
free of contamination. It also greatly expanded the export of horticultural products.

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
Aguas Andinas is the largest sanitation company in Chile responsible for the integral management of the urban
cycle, catchment, drinking water production and wastewater treatment in the Metropolitan Region of the country
where the capital city, Santiago, is located, with approximately 7 million inhabitants. Their sources of drinking water
production mainly come from the high mountain through 768 glaciers that contribute to the Maipo-Mapocho basin
where the city of Santiago is located. In addition to their 25 m3/s production treatment plants, the company has a
relevant infrastructure in the form of a 220 million m3 El Yeso reservoir located 2,500 m.a.s.l. Given the pluvio-nival
flow regime that occurs in the mountain range, this reservoir allows to store water during the melting period (which is
around September and January) ensuring the population is supplied throughout the entire year.
A characteristic of the urban Chilean sanitation sector is that it is in the hands of the private sector, Suez, in the case
of Aguas Andinas. This decision by the Chilean government in 2000 made it possible to complete 100% of drinking
water coverage and collection which by then had already reached an important degree of development. The greatest
achievement, however, was to advance from a coverage below 5% in wastewater treatment to 100%, in a very short
period of time, managing to return these waters to surface courses so that agriculture may exist without restriction.
Another characteristic of the Chilean model is the "ownership of the waters" which is enshrined in the Water Code and
whose article 5 establishes the legal nature of the surface waters while they are in their natural source. These waters
are national assets of public use as long as they are not collected by who has the right to do so. The article specifically
sets forth: "The waters are national assets of public use and gives individuals the right to exploit them, in accordance
with the provisions of this Code". In this way, the Chilean law enshrines the public domain of the waters and allows the
concurrency of private rights to its use, granted by act of authority or recognized by the Law, those who are protected
even with the constitutional guarantee of private property. The right of exploitation is a principal asset and no longer
accessory to the land or industry for which it would have been intended, so that it can be transferred freely.

2. Clean Urban Mapocho: the Mapocho River runs through the city of Santiago. It has its
source in the mountain range and pours its waters into the Maipo River on the outskirts
of Santiago, which flows into the sea. The Mapocho river used to receive a considerable
amount of wastewater discharges, which made it a real open pit collector. All these
discharges were intercepted and taken to a treatment plant. The river today is a place of
recreation for the people of Santiago.

Project
summary

Main socio-environmental conflicts linked to water:
Water is an irreplaceable element for sustaining human life, and relevant to the economic development of countries
as it is an essential input for the majority of its productive processes. Despite being a renewable resource, as
countries grow economically, water scarcity manifests itself gradually as demand increases and conflicts emerge due
to its use. Indeed, as has been pointed out, water is considered as a national good of public use, and the right to use
water is given to individuals for different reasons: agriculture and forestry, drinking water, industrial use, generation
of energy and mining.
Main challenges related to the integrated water management:
The situation manifests itself in various ways, in water management, generating a dynamic in the sector that can be
broken down into three categories which present significant interactions amongst themselves.
These are:
a more efficient use of available water resources either by the users themselves or by transfers to third
parties.
a more efficient management and economic productivity per cubic meter of water.
an increased pressure on the environment.

3. Maipo Adaptation Plan Project (MAPA): The overall purpose of the MAPA project was
to coordinate the development of an adaptation plan with regard to climate variability
and change in the Maipo river basin, based on the analysis of vulnerabilities of different
types of water users.
4. Toward an Integrated Management of Water Resources: Between 2010 and 2016
Santiago experienced a mega-drought which in 2014 put at risk the population’s supply
of water. The El Yeso Reservoir, Santiago’s reservoir, must always fill up in January in
order to secure the year’s supply of water. This must be guaranteed by the company. In
2013, the models predicted that the reservoir would not be filled and, therefore, it would
be necessary to implement collaborative action with all other users in the basin. The
situation was dealt with by either buying or leasing rights, but the important takeaway
was that a relationship was established with the other users. It allowed them to “dam”
the water and have a sort of “current account” of the water stored in El Yeso to be
used by other users whenever they needed it. Since then, various initiatives have been
promoted to improve management among users of the Basin.
5. Glacier contribution to the Maipo River Basin: Study of the contribution of glaciers
of different types to river runoff in the upper basin of the Maipo River, including an
analysis of interannual variability, the development of hydrological models, and spatial
and temporal transferability of hydrological model
parameters.

Location

Implemented multipurpose projects information
Name of the
implemented
project(s)

1.
2.
3.
4.
5.

Santiago’s Sanitation Plan
Mapocho Urbano Limpio [Clean Urban Mapocho]
Maipo Adaptation Plan Project (MAPA)
Toward an Integrated Management of Water Resources
Glacier contribution to the Maipo River Basin.
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7. FACTSHEET - JIMENEZ
The aim of the project is to identify and analyze how to access and use water for
the extractive activities in the quinoa-production region, that is, in mining, and in the
implementation of the industrialization process of lithium.

Personal data from participant
First and
last names

Elizabeth Jimenez Zamora

Profession

Economist

Working institution

CIDES-UMSA Graduate Degree in Development Sciences, University of San Andres

Country

Bolivia

Project
summary

There are no major difficulties in the implementation of the project. The current
difficulties have to do with the need to establish trust with local actors to ensure their
support in the development of research work, including the collection of information
through surveys.

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
The environmental characteristics are different in the three high plain areas of Bolivia, where I have been working
for the past eight years. A common characteristic is the dependence on water. The diversity of ecosystems are
distinguishable by the altitude in which they are found, how they can be accessed and the degree to which they are
dependent on water, and the way in which the climate variability and changes are affecting the three high plateaus in
Bolivia.
The three high plains of Bolivia have very differentiated social and economic processes. The different life strategies
respond to, for example, migration and/or labor mobility, which manifests in all areas, but in different ways and
with different implications. In all three plains, the level of worker mobility is high and it is in response to economic
opportunities within and outside family farming activities. The Southern High Plateau (Altiplano Sur) has on average
higher levels of human capital as well as highly diversified livelihood strategies that include residing in multiple
cities within and outside the country. In the Northern High Plateau (Altiplano Norte), migration responds more to
‘push factors’; it is quite common for employment to be temporary, have precarious working conditions and not
related to family farming activities.
There is a wide range of institutions that regulate the access, use and ownership of the land along the three
high plains. In the Southern High Plateau, much of the land is part of the Native Community Lands (TCO, for its
acronym in Spanish) and, therefore, there are no private property rights. What there is, however, is a wide variety of
institutional agreements that define the access to and the use of the land, which are accepted, adapted and modified
as a result of agreements reached within each community. Therefore, external factors such as fluctuations in the
international price of quinoa, for example, have different impacts on the sustainability of the land. Land governance
capacity is highly differentiated and depends on several factors including the role that "residents" play, that is, labor
mobility and its different implications.

The project is developing a panel database with information on life strategies and
natural resource management for quinoa farmers in the study region. The first round
was developed at the end of 2016. The second round is planned for the end of 2018.

Location

Main socio-environmental conflicts linked to water:
In the Southern High Plateau (current work site), family farming competes with mining activities and State
industrialization projects for access to and the use of water as the latter utilize large amounts of this resource. It
is estimated that the Lithium industrialization project will require the use of underground water which will have an
impact on the configuration of the region’s ecological system, including the sustainability of existing wetlands, and
the balance between farming and the management of camelids.
Main challenges related to the integrated water management:
One of the biggest challenges has to do with the development of extractive activities that, in addition to demanding
large amounts of water, generate negative externalities in the environment which have an immediate impact on our
ecosystems. The State now has included a so-called “new extractivism" policy that prevents a process of balanced
"negotiation".
Implemented multipurpose projects information
Name of the
implemented
project(s)

The impacts of the "boom" of quinoa production in employment and in the management
of natural resources in Bolivia’s Southern High Plain

Organizations and/or
institutions involved
in its implementation/
formulation

Graduate Degree in Development Sciences, University of San Andres (CIDES-UMSA). La
Paz, Bolivia
Centre for Development and Environment (CDE), University of Berne, Switzerland
Swiss National Science Foundation (SNSF)

Duration
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8. FACTSHEET - PACHECO
Personal data from participant
First and last names

Paula Lady Pacheco Mollinedo

Profession

Water Resources Engineer

Working institution

Support Center for Sustainable Management of Water and the Environment
"Sustainable Water”

Country

Bolivia

Contextualización del área de intervención
Environmental, social and institutional characteristics of the high mountain area:
The Sajama National Park (PNS, for its acronym in Spanish) is located in the municipalities of Curahuara de Carangas
and Turco. Over 60% of the population is engaged in lamini livestock, in particular of two camelids, over 100,000 llamas
and 100,000 alpac-as. Within the park we find the snow-capped Sajama (the highest peak in Bolivia). The Sajama
glacier has decreased its surface by more than 50% over the past 30 years.
The park has a large area of wetlands with high water storage capacity, becoming true green sponges that
compensate for the rapid disappearance of the glaciers of the Sajama and others in the region.
The inhabitants of these life systems have an ancient natural resource conservation culture which they complement
with tech-nical and scientific progress to ensure harmony with Mother Earth.
The life zones of the Municipality of Curahuara de Carangas and Turco are divided into:
• Urban Area: Mainly corresponds to the capital of the municipalities of Curahuara de Carangas and Turco
• Glaciers (snow fields): Represented mainly by the Sajama snow-capped mountain, Parinacota, the Payachata and
the Condoriri.
• Wetlands: Vegetation units with high moisture content, commonly categorized as highland wetlands. These are
areas of transition between land and aquatic ecosystems, where groundwater emerges on the surface or where
water accumu-lates on soils of low permeability.
• Water resources (water bodies): In the municipalities, the availability of water resources is conditional to the arid
climate, which means the flow rates are low. There are fissured rocks due to weathering, volcanic lava and hot
springs. These fissured rocks contribute to water infiltration, replenishing aquifers and surface waters that hold
much of the flow of low water from several tributaries, allowing the existence of streams and springs.

Implemented multipurpose projects information
1.
Name of the implemented
project(s)

Organizations and/or
institu-tions involved
in its implementa-tion/
formulation
DURATION

Project summary

VULNERABILITY SYNTHESIS

2.
3.

Strengthening the capacity of resilience to climate risks and trends in indigenous
communities dependent on tropical glaciers (NDF/DIAKONIA/C-AID/IDRC).
Wetlands as an ally in the resilience to and mitigation against climate change
(COSUDE).
Strengthening the capacity of adaptation in the life systems of Curahuara de
Carangas and Turco (COSUDE).

NDF
DIAKONIA
C-AID
COSUDE
IDRC
12/2010
01/2013
04/2016
With regard to climate change, in-depth studies have been carried out pertaining to
their effects on the native peasant communities that depend on Bolivia’s snow-capped
mountains Mururata, Illimani and Sajama. In this workshop, emphasis is placed on
the work carried out to date with communities dependent on the Sajama glacier in the
project funded by COSUDE under the framework of the BioCultura project.
A plan has been developed for the PNS to adapt to climate change in a participatory
manner, and we are currently in the phase of duplicating what we worked on with the
park with the other communities in the municipalities of Curahuara de Carangas, and
Turco
Concurrently, the Ministry of Water and the Environment has developed a strategy for the
Integrated Management of Wetlands in Bolivia, officially approved in January 2017, and
has developed the first manual on monitoring of high Andean wetlands.
Similarly, support was given to the preparation of Territorial Plans for Integral
Development (PTDI, for its acronym in Spanish), while follow-up and support is also
being provided for the improvement of political-institutional resilience capacities, as well
as eco-logical, economic and socio-cultural resilience against the impacts of climate
change.
Further information can be consulted in:
https://www.scribd.com/document/272906448/Glaciares-de-roca-y-cambio-climaticoen-los-andes-bolivianos-Cartografia-de-nuevos-recursos-hidricos

Soil - wetlands

High division of plots in wetlands.
Animal overload in wetlands.
Decrease in forage production due to the loss of wetlands.

Cattle raising

Low technical capacities of livestock health.
Weak organization and market information.

https://www.scribd.com/document/197040348/Plan-de-Adaptacion-al-cambio-versionultima-Plural-Editores-pdf

Basic Services

Precarious infrastructure.
Low investment in education and environmental sanitation.
Deficiency in systems of access to safe drinking water and
sewerage.
Weak environmental education (to care for water infrastructure,
climate change, etc.)
Low levels of education (mainly women).

https://www.scribd.com/document/323894546/Atlas-de-Vulnerabilidad-y-Resilienciaen-el-Altiplano-Boliviano

Housing and habitat

Loss of knowledge and local wisdom.
Little information on renewable energy technology.
Deficiency of road infrastructure within the PNS.

Water and wetland
management

Deficient water storage systems.
Precarious piping and distribution infrastructure.
Inequalities in the water distribution system
Weak organization in wetland management and conservation.
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https://www.scribd.com/document/272904460/Scientific-Article-Local-Management-ofAndean-Wetlands-in-Sajama-National-Park-Bolivia
Location

La Paz - Oruro (Bolivia)
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8.3. SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: LIMA
9. FACTSHEET - FUSTER
The main objectives of each of the projects implemented were:

Personal data from participant
First and last names

Rodrigo Fuster Gómez

Profession

Agronomist

Working institution

University of Chile

Country

Chile

1.

Plan for the development of the Atacameña de Peine Community: Contribute
to the territorial development of the Atacameña de Peine community through
the participatory design of a strategic plan, considering the current state of the
natural, socio-cultural, touristic, landscape and economic resources.

2.

Pilot System for a geospatial water bank in Sectors 5 and 6 of the Copiapó aquifer:
Improve the competitiveness of the different uses and users of groundwater
through the development of a Groundwater Bank Pilot System to support the
private management of water resources for a more efficient and sustainable use
in the Water Community of Sectors 5 and 6 of the Copiapo aquifer.

3.

Determine water contributions due to runoff and water losses due to snow
sublimation in the Copiapo River: Have a model that seeks to leverage available
satellite information to determine the sublimation of snow and the development
of a hydrological model that will support decision-making in relation to water
management in the basin area.

4.

Train indigenous communities of the regions of Arica and Parinacota in water
management. Train members of the Aymara community in issues of water
resource management in accordance with the Chilean model on water rights.

5.

Decision-making support system for the sustainable management of the Azapa:
Provide technological tools and knowledge bases to enable local institutions to
lead the creation of Azapa user organizations, and generate the ability to plan
and execute actions that promote the optimal use of water resources within a
framework of sustainability.

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
I have participated in projects in the high plain areas of Chile where the environmental conditions, which results from
the alti-tude, low temperatures and seasonal rainfall in summer mix with the characteristic lifestyle of the indigenous
peoples: their camelid livestock activities, subsistence agriculture (in the foothills) and at the same time emerging
tourism activities of special interest granted by singular high-value ecosystems. These systems are under pressure
due to productive development, increas-ing tourist activity and the mining industry growing in certain areas.
Another area where I have worked in is the area bordering the Atacama Desert and the Andean Mountains where
there are two different social conditions; one of which is associated with indigenous settlements in close relation with
an intensive mining activity where water is the limiting factor for development and, therefore, a source of conflict. In a
similar scenario, but of valleys crossing the mountain range towards the sea furrowing the desert (valley of Copiapó),
where farming is an intensive activity (10,000 ha), just like mining. In this area, overexploitation of water resources
has meant a growing conflict, and situations of acute scarcity that have limited agricultural activity as well as
access to water for human consumption. Here, dependence on the accumulation of snow and glaciers in high peaks
determines water potential.

Project summary

Main socio-environmental conflicts linked to water:
It comes down to two major conflicts: those produced by the pollution of bodies of water by both mining activities and
by agri-culture, and those that are the consequence of the overexploitation of surface and groundwater.

In all cases, the components of the projects were the aquifers, surface water bodies,
water communities, indigenous communities, land uses and water uses.
On the other hand, cross-cutting problems were access to information and, in the case
of Multipurpose Projects in water resources, the institutional arrangement established
in the water act and the legal status of the right to use private waters.

Main challenges related to the integrated water management:
Generate binding governance models between users and non-users. This is related to the uniqueness of the Chilean
water gov-ernance model.

Further information can be consulted in:
http://www.azapa.uchile.cl/
http://www.sublimacion.uchile.cl/
http://www.elmorrocotudo.cl/noticia/sociedad/capacitacion-sobre-la-administraciondel-recurso-hidrico-en-las-comunidades-indigen
http://repositoriodigital.corfo.cl/handle/11373/8759

Implemented multipurpose projects information

Name of the implemented
project(s)

1. Plan for the development of the Atacameña de Peine Community
2. Pilot System for a geospatial water bank in Sectors 5 and 6 of the Copiapó aquifer.
3. Determine water contributions due to runoff and water losses due to snow
sublimation in the Copiapo River basin.
4. Train indigenous communities of the regions of Arica and Parinacota in water
manage-ment
5. Decision-making support system for the sustainable management of the Azapa
aquifer.

Organizations and/or
institu-tions involved
in its implementa-tion/
formulation

University of Chile
University of Arizona
General Directorate of Water
Groundwater Community
Copiapó River Supervisory Board
Corporation of Indigenous Development

Duration

From 2010 to 2017
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Location

Chilean High Plains - Azapa Valley - Atacama Salt Flats - Copiapó river basin
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8.3. SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: LIMA
10. FACTSHEET - CHOQUEVILCA
Personal data from participant
First and last names

Walter Choquevilca Lira

Profession

Zootechnician

Working institution

CARE PERÚ – Glaciares Project

Country

Perú

Context of the intervention area

Environmental, social and institutional characteristics of the high mountain area:
Cusco is an Andean-Amazonian territory with climate characteristics defined by two specific periods: the rainy
season, between November and April, and the dry season, between May and October. The heaviest rainfall occurs
mainly between the months of January and March and the months with greater water deficiency are between July
and September. The Vilcanota-Urubamba basin is a glacier basin and the most important supplier of water for
agricultural activity, tourism, domestic consumption and electric power generation. This is where most major cities
are settled, including the city of Cusco. Today, climate change is causing an increase in temperature and variation in
precipitation, changes that have been producing effects such as the accelerated retreat of glaciers, which is likely to
reduce the volume of flows of water in the dry season and increase the volume during the rainy season. This could
affect people’s livelihoods in the Vilcanota-Urubamba basin due to the declining supplies of water for different uses
and the increase of risks caused by flows and mass movements.
Forty-five percent of the population of the department of Cusco live in rural areas (INEI, 2007) and its main activity
is agriculture and livestock rearing in small farmsteads. The urban population provides goods and services to a
growing tourist market. The upper part of the basin is home to populations living at altitudes above 4,500 m.a.s.l,
who survive on raising South American camelids.
The rural population is organized in rural communities and, in the case of water, there are User Committees per
hydraulic sub-sector (at the basin level), Irrigation Water User Committees and Sanitation Services Management
Boards (JAAS) for domestic water consumption.
Main socio-environmental conflicts linked to water:
Population growth and its demographic changes generate greater demand for water (Cusco, Urubamba and Calca
have the highest growth rates of the department). A model of economic development that counters cultural aspects
of uses and customs. Insufficient capacity for water management. The presence of increasing internal conflicts, such
as the Salka Pukara Hydroelectric Project (2008) that would affect 19,000 farming households. Unmet hydro-energy
demands by almost 300 MV (Hydroelectric Power Station in Machupicchu-EGEMSA and Santa Teresa-Luz del Sur).
The effects of climate change and climate variability that have caused glacier retreat. The available flow by July is
10.14 m3.

Implemented multipurpose projects information
Name of implemented
project(s)

Pilot Multipurpose Project for the Vilcanota-Urubamba Basin

Organizations and/or
institutions involved
in its implementation/
formulation

Regional Government of Cusco - Regional Management of Natural Resources and
Environmental Management
Empresa de Generación Eléctrica Machupicchu (EGEMSA)
P. E. R. Plan MERISS
Water Management Authority XII U-V
Cusco Regional Office of Agriculture
District Municipality of Pitumarca
CARE PERÚ – Glaciares Project

Duration

From December 2016 to May 2018
The objectives of the project are:
•
Dam and regulate water for agriculture and domestic consumption
•
Produce hydro power
•
Objectives related to tourism or ecology
•
Strengthen the local institutional framework of water
The baseline of the project involves:
•
Developing a map of actors and social studies: Political and institutional
actors, social organizations, power relations and social conflicts.
•
Environmental Dimension: Droughts and intense heat, landscape, flora, fauna.
•
Social Dimension: Weak institutions, limited access to basic services
•
Economic Dimension: Low irrigation efficiencies, tourism.
•
Resources: Bio-cultural landscape, water resources, human resource.
•
Conflicts: Pampachiri Community – Municipality and Salka Pukara Project.

Project summary

Main challenges related to the integrated water management:
Water strengthening of the Vilcanota-Urubamba basin, ensure availability of water for domestic, agricultural and
other uses (energy and tourism). Multipurpose Projects in Water Resources as part of the development vision of the
territory where they are located. Regional program of water sowing and harvesting. Regional program of technified
irrigation system. Council of Water Resources of the Urubamba-Vilcanota basin. Implementation of Reward
Mechanisms for Ecosystem Services. Capacity building for the concept, design and implementation of MPPs.

Location
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The stages involved in the implementation of the project are:
1. Preparatory stage:
Information and awareness: Map of actors, ethnographic study, awareness
and empowerment (training leaders in Integrated Management of Water
Resources).
2. Formation of the MPP Working Group:
Exploratory workshop, meetings, workshops, field visits. Institutional
Commitments.
3. Pre-investment stage (assumed by EGEMSA):
• Context Analysis
• Baseline
• Identification of scenarios: deglaciation, water deficiency in dry season,
contamination of bodies of water, decline in wetlands, conflicts over use of
water.
• Studies: Identification and prioritization of possible locations (EGEMSA)
4. Impact Assessment
5. Investment Stage
6. Implementation
District of Pitumarca
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8.3. SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: LIMA
11. FACTSHEET - HAEBERLI

Environmental, social and institutional characteristics of the high mountain area:
The Mauvoisin dam (210 mio m3) is found in a deep valley located up in the high mountains of the Swiss Alps.
The 250 m dam is located in the upper limit between the forest and the corresponding basin. Its glaciers are
retreating rapidly and its high peaks have steep slopes and permanent frost, but which are warming up and slowly
destabilizing. Rainfall occurs throughout the year, but the pronounced thermal seasonality causes snow buildup in
winter and a maximum runoff in summer due to a combination of liquid precipitation and melting snow and glaciers.
The population of the region in the upper part of the valley is peasant, while in the lower part the urban population
is on the rise. The regional economy has a strong rural and tourist aspect. The national democratic subsidiary
system attributes rights and obligations to individual municipalities, for example, in relation to natural hazards. The
responsibility for the main river of the valley lies with the canton.
Mauvoisin, like other large hydroelectric reservoir infrastructures in the Swiss Alps, is a government property at
the cantonal and federal level, but operates in the free energy market. Companies regularly pay interesting taxes to
valley municipalities for the use of water, and thus create jobs and tax revenue for the region. The elegant high-dome
dam of Mauvoisin is also a tourist attraction.

Project summary

In 1818, broken and collapsed debris cone of ice-avalanche deposits from the
advancing Giétro Glacier after the lake outburst of approximately 30 million cubic
meters accumulated. As a result of the mechanical failure of the ice dam, the abrupt
undamming of this lake with a maximum discharge of a few thousand cubic meters
per second, caused enormous damage and loss of life, and its impact reached even
the main valley. Such risks were eliminated with Mauvoisin’s modern dam, but a
temporary advance of the glacier during the 70s and 80s required detailed observation
as well as the installation of an early warning system to avoid the dangerous overflow
of ice avalanche-generated waves.
The classic principle behind Alpine dam operations is still to fill them in the Spring and
Summer time when there is an overabundance of water from snow and glaciers which
will allow for the production of energy during the winter season. As a result, dams are
usually somewhat empty during the warm season until the Fall, functioning during this
time as perfect retention structures protecting the basin against flooding. This is an
evident risk-reduction function that is often overlooked and rarely mentioned in formal
contracts. In Switzerland, hydroelectric power generation has always been connected
with aspects of risk reduction related to glaciers and alluviums.
With climate change and the reduction of snow and glaciers, runoff will change
decreasing the amount of water found during the warm season and increasing the
need for water. Therefore, the supply of water from high-mountain dams during the
warm season will most likely be an additional significant adaptive component to the
impacts of climate change in high-mountain regions. Moreover, new lakes will be
forming in the basin and should thus be included in reservoir multipurpose operation
concepts (hydropower, water supply, wave retention/alluviums, tourism, landscape
protection).

Main socioenvironmental conflicts linked to water:
The relationship between the native population and the hydroelectric companies in the Swiss Alps is usually good.
There are no serious conflicts. Somewhat sensitive discussions may be about taxes on water, the minimum amount
of water that should remain in the rivers below the dam and the highest meter of water in the lake, representing
the maximum and most precious surface for the hydroelectric power station, but also the most crucial in relation to
safety aspects (retention).

Location

Val de Bagnes, Valais, Swiss Alps

Personal data from participant
First and last names

Wilfried Haeberli

Profession

Professor Emeritus

Working institution

UZH

Country

Suiza

Context of the intervention area

Main challenges related to the integrated water management:
With the summer runoff in abundance, nowadays there are no problems regarding water supply. There are special
challenges concerning glacier dangers (a historic catastrophe took place in Mauvoisin in 1818). The development of
energy cost and the retreat of snow and ice has an impact on runoff and the production of hydraulic energy.
Implemented multipurpose projects information
Name of the implemented
project(s)

Mauvoisin Basin

Organizations and/or
institutions involved
in its implementation/
formulation

Forces Motrices of Mauvoisin

Duration

1951 -
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8.4. SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: SION
12. FACTSHEET - SCHLEISS
Personal data from participant
First and last names

Anton J. Schleiss

Profession

Professor

Working institution

Laboratory of Hydraulic Constructions – Ecole Polytechnique Fédérale de Lausanne
(EPFL)

Country

Switzerland
Project summary

The goal of the project is to develop a scientific methodology for a multipurpose project
in order to identify and develop synergies between the different goals. The project
also aims at optimizing the design and the operation of a not yet existing run-or-river
hydropower plant.
The objectives considered for the project consist in higher flood protection,
hydropeaking mitigation, leisure activities, energy production by hydropower, and
improved environmental quality of the river. For each objective, a minimum quantity
required and a maximum investment cost has been defined.
The processed optimization led to a reservoir that allows a 20% reduction of a 100
years return period flood. This implies a reservoir volume of 7 to 8 mio m3. Based on
the reservoir's surface of 1 km2, 3 to 4 mio m3 could be used for flood routing thanks
to preventive lowering. The remaining 3 to 4 mio m3 would come from the activation of
lateral flood plains.
The retention basin can mitigate hydropeaking and restore a nearly natural flow
regime in the Rhone River, which is a condition for taking the best advantage of the 3rd
Rhone correction focussing on biotope restoration.
The low head hydroelectric power plant may allow a maximum yearly power
generation of 40 GWh. The effect of optimizing the reservoir operation also for
hydropeaking mitigation has been estimated to reduce by less than 10% the
hydropower generation as compared to the maximum potential.

Location

Between Saillon and Riddes, Central Valais, Switzerland

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
The Upper Rhone River basin upstream of Lake Geneva is an alpine catchment located in the Swiss Alps with a
surface area of about 5,500 km2. The altitude ranges from 372 m.a.s.l. to 4,634 m.a.s.l. and glaciers cover around
10% of the basin. Precipitations are spread over the entire year.
To take profit of the available water resource, as well as the high possible hydraulic heads resulting from the
topography, many large storage hydropower plants with reservoirs have been constructed in the basin. The biggest
reservoir (Grande-Dixence) has a capacity of 400 mio m3.
In order to allow the development of agriculture and infrastructures in the Rhone Valley, the Rhone River has been
channelized with two massive projects of river channelization (1863-1893 and 1930-1960). In the year 2000, the
local authorities decided to achieve a third correction which is in its early stage of construction. The objective of the
third improvement is to increase the flood safety of the infrastructures in the Rhone Valley and the people, as well as
the ecological quality of the river.
The increasing urbanization of the valley, mostly in its flat area, resulted in an increase of the flood risk, an
insufficient interconnection between biotopes, and a lack of attractiveness for leisure activities.
Main socioenvironmental conflicts linked to water:
The third modification of the Rhone River mainly consists in enlarging the river channel, which is a source of conflict
with local farmers who do not want to lose the lands inherited from their ancestors who worked hard during the
river's two first corrections.
The remaining hydropower potential on the Rhone River as a renewable energy only has a chance to be developed if
set up as an environmental-friendly multipurpose project.
Main challenges related to the integrated water management:
The presence of large hydropower schemes result in a modification of the flow regime and particularly in
hydropeaking, implying water level variations that do affect the local fauna and flora.
New projects or enlargements of the river banks imply the usage of new surfaces for water management purposes.
In the case of the Rhone River Valley, the space limitations and the opposition of the farmers who own the
surrounding lands, makes the problem even more complex.
Implemented multipurpose projects information
Name of the implemented
project

Project SYNERGIE

Company and/or
institutions involved
in its implementation/
formulation

Laboratory of Hydraulic Constructions – Ecole Polytechnique Fédérale de Lausanne
(EPFL)

Duration

The scientific approach has been conducted between 2003 and 2007. The
implementation of the reservoir is not planned yet and according to the current
situation, there is a small chance it will be built anytime soon.
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8.4. SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: SION
13. FACTSHEET - IMBODEN
Personal data from participant
First and last names

Beat Imboden

Profession

Ingeniero

Working institution

Alpiq Hydro Power

Country

Suiza

Electra-Massa already applies a multi-use approach for the management of the
water resource, not only producing hydropower, but also providing water to many
stakeholders. This multi-use management includes the following applications:
•
Drinking water to nearby localities
•
Cooling water to industrial sites
•
Irrigation water for agriculture
•
Forest fire protection water
•
Water for snow production to nearby ski areas
•
Contribution to flood protection
•
Source of gravel excavation

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
The Gebidem dam is fed by the water coming from the Aletsch glacier. The dam provides the Bitsch hydropower
production site, equipped with 340 MW and a maximum of 55 m3/s turbine capacity. In 2015, this turbine capacity
was largely exceeded in summer (+46%) due to an above-average inflow to the dam, with a yearly spill-over
estimated of 16.6 GWh (annual production of three wind turbines). The Gebidem Lake and the Bitsch production site
form together the Electra Massa hydropower scheme.
With climate change, the runoff has increased over the last decades and is expected to continue increasing with
a peak around 2030-2050 due to glacier melt. The glacial contribution will then reduce and finally completely
disappear, and runoff will decrease after 2050, but will remain significant even without glacier melt contribution.

Projects summary

Main socioenvironmental conflicts linked to water:
There is no particular conflict, but competing interests in how the water should be used.

The multi-level legal organization of the Swiss system, with laws at national, cantonal
and communal level, must also well be taken into consideration.
In the case of the Electra-Massa scheme, the construction of a new reservoir upstream
of the existing one is currently under design with the objective of increasing the
storage capacity. Taking advantage of a natural lake created by the retreat of the
Oberaletsch glacier, the overall production and in particular the production in winter
(when the demand is at its top), could be increased by more than 20%.

Main challenges related to the integrated water management:
The main challenge is sharing the water between the different interests. Overall, there is enough water. The question
is more when the water is used by one stakeholder, making it available to other stakeholders that might need the
water at different periods in the year. This can be summarized as “Providing enough water in the right place and at
the right time”.
Implemented multipurpose projects information
Name of the implemented
project

Water-shortage management

Company and/or
institutions involved
in its implementation/
formulation

ALPIQ Hydro power

Duration

Not implemented yet.
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Measures to reach an efficient water-shortage-management include:
1. At the level of consumers: Increase in efficiency, reduction in consumption,
prevention, incentive systems and instructions.
2. At the level of distribution: Adaptation, expansion and new construction of
treatment plants, storage and distribution.
3. At the level of hydropower: Optimization of the existing power plants taking
into account an increased multifunctional use, planning and construction
of new power plants and storage capacity, analysis in collaboration with
communes and cantons of legal aspects of water concessions in relation
with an increased multifunctional use, supporting other stakeholders in
clarifying their future water needs.

Location

Massa basin, Valais, Switzerland
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8.4. SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: SION
14. FACTSHEET - FREY
Personal data from participant
First and last names

Holger Frey

Profession

Geographer

Working institution

University of Zurich

Country

Switzerland

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
The Andes have a significant area of tropical glaciers, among which the Peruvian Andes alone contain 71% of
tropical glaciers in South America. Glaciers in this region are an important source of freshwater, with impacts on
the water cycle reaching downstream to lower elevation and potentially affecting large amounts of population. The
reduction of glacier areas and volumes leads to a streamflow runoff increase due to enhanced glacier runoff, but
after the so-called “peak water”, annual runoff decreases due to reduced ice reserves, and exacerbates the risk of
water shortage and related socio-economic impacts during the pronounced dry period in the Austral winter in July/
August.
In addition to causing disasters, glacier retreat is transforming everyday life, as high mountain ecosystems (forests,
bogs, and meadows) undergo change. Small farmers are forced to leave their villages. Downstream, people in the
coastal areas of Peru are also adversely affected by melting ice as their water supplies dwindle.
In terms of management, monitoring and investigation of glaciers and glacier lakes in Peru, there is a diversity
of institutions that tackle these subjects (UEGL, INAIGEM, SENAMHI, INGEMMET, etc.) but with a very low level of
coordination and collaboration between them, which is aggravated by the local population's general mistrust in
authorities and external experts.

Project summary

The project aims at assessing how the combination of Disaster Risk Reduction (DRR)
and Water Resource Management approaches can be used to ensure the satisfaction
of the area's increasing water demands and to reduce the inherent risk to the glacier
Lake 513, where since the 1980s a series of structural and non-structural DRR
measures have been implemented.
The designed but not yet implemented project consisted on the construction of an
additional tunnel through the existing natural dam which outflows would be regulated
by a gate. Such a solution would allow the lowering of the lake level by 10 to 30 m and
volume by 1 to 3 mio m3 and thus the reduction of potential hazard downstream the
lake. Moreover, the regulation of the outflows would allow for storing water during the
wet season (reduction of 10 m / 1 mio m3 compared to today’s conditions) and supply
water in a controlled manner to the local farmer communities and the downstream
municipality of Carhuaz during the dry period (down to a lake level / volume of -30m
/ -3 mio m3 compared to current conditions) and may reduce the water shortfalls
(especially during dry periods).
The main challenges identified for this specific project were the natural conservation
of the natural park where the lake is located, the mistrust of population in authorities,
and the political tensions within the community (diverging priorities of different
stakeholders), and the lack of guidelines and regulations at the ministry level for the
implementation of such multipurpose projects.

Location

Chucchún River catchment, Carhuaz, Ancash (Peru)

Main socio-environmental conflicts linked to water:
The transition from glaciated to non-glaciated headwaters alters seasonal runoff regimes, increasing the potential
for stronger and longer droughts during dry periods. This can have severe impacts on water availability, and, hence,
water resource management.
Main challenges related to the integrated water management:
The main challenges are as follows: The institutional conditions to ensure the sustainability of these actions in the
context of adaptation to climate change; the receptivity in the public and private sector, academic and applied areas;
and institutional and political instability at the regional and local level.
Besides related challenges and risks, opportunities might also arise from glacier retreat and associated changes in
the high-mountain landscapes, for instance, in the form of natural reservoirs. The exploitation of such opportunities
requires inclusive, multipurpose resource management approaches and adaptation measures, as well as nonstructural measures such as institutional processes.
Implemented multipurpose projects information
Name of the implemented
project

New drainage tunnel at Lake 513
(An activity of Proyecto Glaciares funded by the Swiss Agency for Development and
Cooperation (SDC) and implemented by CARE Peru and the University of Zurich).

Company and/or
institutions involved
in its implementation/
formulation

Swiss Agency for Development and Cooperation, University of Zurich, CARE Peru,
Meteodat, CREALP, École Polytechnique Fédérale de Lausanne,
Unit of Evaluation of Glaciers and Lakes (UEGL) of the National Water Authority,
Regional Government of Ancash

Duration

From 2011 to 2018

66 SYNTHESIS OF WORKSHOPS ON MULTI-USE OF WATER IN MOUNTAIN AREAS (LIMA AND SION, JUNE 2018)

GLACIARES+ PROJECT 67

8.4.SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: SION
15. FACTSHEET - KULL
Personal data from participant
First and last names

Daniel Kull

Profession

Senior Disaster Risk Management Specialist

Working institution

World Bank Group

Country

Switzerland

Context of the intervention area

Environmental, social and institutional characteristics of the high mountain area:
Central Asia is highly vulnerable to weather-related disasters including floods, landslides, mudflows, frosts,
droughts, high winds, hailstorms, and avalanches– a situation exacerbated by the countries’ lack of adaptive
capacity to anticipate or respond to frequent shocks. While disaster impacts and in-country capacities to cope with
catastrophes vary across Central Asia, vulnerabilities to natural hazards have increased throughout the region
in the last few decades due to growing exposure of population and economic activities, rapid urbanization, aging
infrastructure, lack of financial resources, and weak institutional capacities for implementing preventive measures
and managing climate uncertainty.
Water use and availability are highly variable among the countries. Population and economic growth are increasing
stress on the region’s natural resources. If the Central Asian population continues to grow by 1.5 percent annually,
the region will become water stressed by 2050, water short in 2080 and water scarce within 100 years. Water
resources are sensitive to climate variability and change causing significant challenges to Central Asia’s agriculture
and energy sectors. Following the dissolution of the Soviet Union, Central Asia first experienced trends of
disintegration; and more recently, encouraging trends of discreet efforts to reestablish connectivity are in evidence.
Underlying conditions remain fragile. The countries of Central Asia, while struggling with similar challenges of
transition, have moved along strikingly different economic trajectories. How well the countries in the region manage
their water endowments will play a large role in determining their capacity to achieve water and energy security.
While institutional capacity and cost recovery are comparatively weak, the region has the potential to benefit from
its strong comparative advantage given its energy and water resources driving the region’s agriculture, power
generation and industrial and mining operations.

Project summary

The long-term vision of the Program is to catalyse economic growth and livelihood
security within Central Asia through regional cooperation and integrated energy and
water development initiatives. CAEWDP is designed as a catalytic program that aims
at precipitating policy change, institutional effectiveness, investments and increased
coordination among beneficiaries. The program assists initiatives that support
improvements in water and energy management and development, strengthen
national and regional institutions, and facilitate regional dialogue with a view to
promote energy and water security and helping to realize the benefits of regional
cooperation to advance sustainable development and climate resilience.
The support provided under CAEWDP to date has helped catalyze important regional
investments, such as the Central Asia Hydromet Modernization Project (CAHMP),
the Climate Adaptation and Mitigation for the Aral Sea Basin Project (CAMP4ASB)
and the Central Asia South Asia Electricity Transmission and Trade Project (CASA1000). Analytical work at national level has led to policy reform and institutional
strengthening, such as in Tajikistan’s energy sector. Dialogue processes provided
opportunities for open exchange of opinions among beneficiary countries and
development partners, including the six-country consultations on the Rogun
assessment studies and at the first High Level Meeting of the First Deputy Prime
on Regional Riparian Issues. Views on the benefits of cooperation differ and change
among countries. Experience shows that regional cooperation cannot be the only entry
point. Engagement at the national level is required to strengthen capacity for energy
and water resources management and to create the building blocks for regional
engagement, while at the same time keeping regional cooperation on the agenda.
Further information can be found here:
http://www.worldbank.org/en/region/eca/brief/caewdp
http://documents.worldbank.org/curated/en/448551521022591430/Central-AsiaEnergy-Water-Development-Program-promoting-pathways-to-energy-and-watersecurity-impact-report-2009-2017

Location

Kazakhstan, Kyrgyz Republic, Tajikistan, Turkmenistan and Uzbekistan (Phase 3 has
also added Afghanistan)

Main socio-environmental conflicts linked to water:
After the disintegration of the Soviet Union, water management has caused severe disputes in Central Asia, due
to conflicting needs and priorities between the upstream and downstream countries, thus endangering regional
stability and security. Natural resources have emerged not as tools for facilitating regional cooperation but as a
source of conflict. While regional dialogue on the topic has generally improved over the last few years, the risk is
always present.
Main challenges related to the integrated water management:
The national borders established after independence pose significant challenges to optimizing asset operation and
the financing of operation and maintenance costs. Many canal systems and reservoirs in the former Soviet republics
straddle the national borders. At the same time, some infrastructure assets that used to serve regional needs are
now located in and managed by one country. Decision-making on resource allocation and management needs to
be based on detailed, reliable and agreed data sets; yet, data collection, management and sharing systems have
deteriorated and are not fully reliable.

Implemented multipurpose projects information
Name of the implemented
project

Central Asia Energy and Water Development Program (CAEWDP)

Company and/or
institutions involved
in its implementation/
formulation

World Bank, State Secretariat for Economic Affairs of Switzerland (SECO), Department
for International Development of the United Kingdom (DFID), United States Agency for
International Development (USAID) and the European Commission (EC)

Duration

From 2009 to 2017 (Phases 1 and 2), and 2018 (Phase 3)
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8.4. SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: SION
16. FACTSHEET - AZMAT
Personal data from participant
First and last names

Muhammad Azmat

Profession

Engineer

Working institution

National University of Sciences and Technology (NUST), Islamabad

Country

Pakistán

Overall, the specific objectives of the project are to:
1. Forecast the impact of climate change on climate variables and streamflow of the
Jhelum River at Mangla dam.
2. Analyse the impact of climate change on hydropower generation and agricultural
water availability and demand by considering streamflow change and reservoir
operations.

Context of the intervention area

Environmental, social and institutional characteristics of the high mountain area:
With its population exceeding 200 million inhabitants, Pakistan is the fifth country with the highest population in the
world. The water supply in the country is highly dependent on the Indus System of Rivers, comprising three Western
Rivers (Indus, Jhelum and Chanab) and three Eastern Rivers (Sutlej, Beas and Ravi).
In 1960, Pakistan and India signed the Indus Water Treaty, giving India exclusive use with minor exceptions of all
the waters of the Eastern Rivers before the point where the rivers enter Pakistan. The World Bank is a third party
signatory of the Treaty.
Pakistan is also among the 10 countries that will be most affected by climate change, according to the Climate Risk
Index 1997-2016 Ranking. This increases the vulnerability of the country in terms of water resource.

Project summary

Main socioenvironmental conflicts linked to water:
Water scarcity and clean drinking water are among the biggest challenges Pakistan will face in the future. The main
causes are climate change, lack of enough reservoirs to store water, lack of flood control management, water issues
with India, old inefficient irrigation systems, water wastages in domestic consumption, and a lack of awareness.
Main challenges related to the integrated water management:
With the impact of climate change, increasing mismatch between peaks of water availability and water demand
could significantly affect the agricultural system of Pakistan. In addition, the poor forecasting capacity of extreme
events such as floods due to climate change and possible violations of the Indus Water Treaty by India, could affect
water resources on transboundary rivers of Pakistan and the related water management.

Location

Since Northern Pakistan is scarcely-gauged, the selection of an appropriate data
is an important task and bias corrected gridded climate datasets have been used.
Furthermore, by the integration of Global Circulation Models (GCMs) with climate
variables and different hydrological models, the impact of climate change on future
streamflow was estimated at Mangla dam.
Change in streamflow was considered for the future reservoir operation as well as for
computing corresponding hydropower generation at the dam and in the downstream
canals. The change in reservoir operation is further utilized to investigate the
agriculture water management downstream of the reservoir.
Overall, results showed that the precipitation and temperature are expected to
increase in the future, resulting in a streamflow increase. However, a change in
hydrological regime is also expected and could significantly alter the peak water
demand and availability at the Mangla dam. To cope with the impacts of climate
change, the country will have to increase the efficiency of its agricultural irrigation
system to reduce the related water losses.
The implementation of multipurpose projects in countries like Pakistan is very
difficult due to the lack of coordination between concerned institutions. This includes
issues related to legal, social and economic aspects as well as complex local political
consensuses between provinces.

This project is implemented in Northern and Central region of Pakistan.

Implemented multipurpose projects information
Name of the implemented
project

Impacts of climate vulnerability on water resources and agriculture water management
in Pakistan.

Company and/or
institutions involved
in its implementation/
formulation

National University of Sciences and Technology (Islamabad, Pakistan) and University of
Zurich (Switzerland).

Project summary

3 years
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8.4. SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: SION
17. FACTSHEET KELLNER
Personal data from participant
First and last names

Elke Kellner

Profession

PhD student

Working institution

Institute of Geography & Oeschger Centre for Climate Change Research, University of
Bern

Country

Switzerland

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
The case study is located in the alpine region of Oberhasli in the Bernese Oberland (canton of Bern). Oberhasli has
an area of 551 km2 with a population of just below 8,000. The first water reservoir for hydropower (Lake Grimsel)
was completed in 1932 and forms the largest storage lake in the region until now (94 million cubic meters at 1909
m.a.s.l.). Mainly in the summer months, more water flows into Lake Grimsel than it can hold. Increasing the level of
the existing dam would allow using the available water better throughout the year. The first public announcement for
the raising of the Grimsel Lake was submitted in 1988. The plans were very ambitious (increasing the height of the
dam by 200 m). After triggering considerable and repeated resistance, the hydropower company rescaled its plans in
1999 with a height increase of 23 m, leading to an expansion in storage capacity from 95 to 170 million cubic meters.
Due to conflicts among resource users, the project has not been fulfilled yet.
In the same region, and as a consequence of continuing atmospheric temperature rise, the glacier of Trift is
shrinking rapidly and a new lake is forming where topographic depressions (glacier-bed overdeepenings) become
exposed following ice meltdown. The hydropower company submitted the first public announcement concerning
its new reservoir project in 2012. The Trift reservoir will be situated at an altitude of 1,767 m.a.s.l. and will have a
volume of 85 mio m3.
At the time of Lake Grimsel, no public policies which regulate uses from land, water or nature existed. Ownership
rights were regulated at cantonal level (mainly private property), and the water rights system was not unified at
a national level. All public control took place through the precise wording of concessions (property title). Until the
project for the expansion of Lake Grimsel occurred, the number of public policies regulating uses of the hydroelectric
landscape was rapidly expanding and by 1999, all of the uses regarding water reservoirs were regulated. But there
is a lack of mutual alignment between sectorial regulations and between protection and use planning within the
sectors. Therefore, at the cantonal level, Bern adopted a Coordination Law (KoG) in 1994.

Implemented multipurpose projects information
Name of the implemented
project

Polycentric governance can compensate an incoherent regime under climate change –
The case of multifunctional water use in Oberhasli, Switzerland

Company and/or
institutions involved
in its implementation/
formulation

University of Bern
Institute of Geography & Oeschger Centre for Climate Change Research

Duration

From August 2016 to July 2019

The project aims at providing an approach to ensure an appropriate coordination of the
resources uses, considering hydropower, ecosystem services (such as water bodies,
fish, nature, biodiversity), scenic and historical landscape and the “sense of place” that
they provide, and flood protection.
The projects combine the conceptual frameworks of Institutional Resource Regimes
(IRR) and Polycentric Governance. The IRR framework stipulates that formal
institutional rules –public policies and property rights– shape the leeway that is
available to resource users for defining localized resource-use modalities. Polycentric
governance systems are those in which political authority is dispersed amongst a
range of bodies that operate in overlapping jurisdictions which are not in a hierarchical
relationship to one another. Five key propositions of polycentric governance are used
to evaluate the projects:
•
Local action
•
Mutual adjustment
•
Experimentation
•
Trust
•
Overarching rules
Project summary

Main socio-environmental conflicts linked to water:
In the process of Lake Grimsel (1906), no evidence of rivalries can be found. At the time of expansion of Lake
Grimsel (1999) the ecological value of moors –one of them would be directly targeted by the reservoir extension–
had become acknowledged in the law. Therefore, conservation NGOs actively resisted against the project. Courts
were involved and the conflict remains unsolved almost two decades later. In contrast, only two conservation NGOs
opposed against the Trift project (2012), due to the need to protect the unaffected natural terrain in front of the
retreating Trift-glacier, to increase residual water quantities for ecosystem services and to expand compensatory
efforts.

Further information can be consulted in:
Kellner, Elke; Weingartner, Rolf (2018): Chancen und Herausforderungen von
Mehrzweckspeichern als Anpassung an den Klimawandel. In Wasser Energie Luft 110
(2), pp. 101–107.
Kellner, Elke; Oberlack Christoph; Gerber, Jean-David (in preparation): Polycentric
governance compensates for incoherence of resource regimes: The case of
multifunctional water use under climate change in Oberhasli, Switzerland. In
Environmental Science & Policy

Main challenges related to the integrated water management:
The regulations regarding water reservoirs are based on different public policies and property rights. They are
complex rather than integrated (due to the sectoral division of work processes within public administrations, the
lack of transversal coordination, competition for resources, strong property rights, etc.), leading to contradictory
incentives in resource management. The management of projects must found a suitable way of interacting with this
situation, such as orchestration of participatory processes with all relevant actors.

Location
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Empirically, we performed a detailed case study to analyze the evolution of governance
processes for multi-functional water use and climate change mitigation and adaptation
over 100 years in the canton of Berne, Switzerland. Data was collected through 22
semi-structured interviews and document analysis.
The results show that the resource regime became increasingly incoherent over the
past decades, but the emergence and evolution of polycentric processes to govern
competing water uses can compensate for regime incoherence. The results further
indicate that polycentric governance improved the coordination of water uses, given
that the two key propositions, trust and overarching rules, prevail.

Oberhasli, Canton of Bern, Switzerland
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8.4. SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: SION
18. FACTSHEET - WARTON
Personal data from participant
First and last names

Dax Warthon Riveros

Profession

Engineer

Working institution

EGEMSA

Country

Perú

The most viable project of new damming site is located near the Phinaya community.
It is clear for EGEMSA that the only way to make the project socially acceptable is
setting-up a multipurpose project reservoir providing to the local community a chance
to increase their quality of life, an adaptation capacity to future climatic conditions as
well as providing them water for their basic needs.
The case of the Phinaya community, facing a situation of extreme poverty, has
therefore been chosen as a pilot project. The community is lacking access to basic
services such as water, drainage infrastructures, energy, health and education.

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
During the rainy season in Peru, 79% of the national demand in energy is satisfied with hydropower and 19% with
gas generation. The contribution of hydropower reduces to 48% during the low-flow season, counter-balanced by an
increase of the gas generation contribution to 42%. The remaining electricity generation during this season is based
on dirty sources including diesel and coal, resulting in high environmental pollution and higher production costs
translated in an increase of the electricity price.
The Machupicchu hydroelectric power plant belongs to the national Peruvian company EGEMSA. Located at the
foot of the Machu Picchu historical cite, the power plant has a capacity of 188 MW and produces on average 1,232
GWh per year, accounting for 2.8% of the national demand in electricity. In 1998, the Machupicchu power plant was
flooded by a mudflow that originated from the Salkantay, a nearby peak with a summit at 6,279 m a.s.l.
Climate change and the related rapid glacier retreat reduce the available water resource. Despite a reservoir of 60
cubic hectometers located 240 km upstream of the hydropower plant, the corresponding financial loss for the State
of Peru is estimated in 13 million USD$ per year.
Main socioenvironmental conflicts linked to water:
With climate change, the reduction of available water resources will have negative impacts on the population and
could be a source of conflict with the hydropower generation. For more than 15 years, EGEMSA has identified
possible locations of new damming projects for the Machupicchu hydropower plant. The opposition of the local
populations and their fear of having their lands and zones of grazing flooded have blocked until now all these
projects. Protection of archeological sites by the Ministry of Culture has also blocked some of the projects.

Project summary

The multipurpose project would include the following compensatory measures:
•
Construction of irrigation infrastructures that would allow breeding of cattle,
vicunas and alpacas.
•
Technical support and generation of added value for local crafts.
•
Promotion of activities and capacity building for tourism.
•
Empowerment of women, for example, through breeding of trouts and
guinea pigs, to reduce their extreme poverty.
•
Support strategic projects of the municipality, such as electricity, drinking
water, and communication and roads.
The funding of the damming project itself could be ensured by EGEMSA's own
resources or through a Public-Private Partnership. Concerning the complementary
projects, they would be funded by local authorities (Regional Government, District
Municipalities) or by EGEMSA through the possibility of infrastructure construction
instead of tax paying (up to 29.5% of its yearly earnings).

Location

Machu Picchu, Peru.

Main challenges related to the integrated water management:
Obtaining the social acceptance of the projects by the population living in the zones directly affected, acquiring the
land for the projects at an acceptable price, and achieving the construction of the dams.
Implemented multipurpose projects information
Name of the implemented
project

Empresa de generación eléctrica Machu Picchu

Company and/or
institutions involved
in its implementation/
formulation

EGEMSA

Duration

Not yet implemented.
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8.4. SPECIFICATIONS OF PARTICIPANTS’ CASE STUDIES: SION
19. FACTSHEET – ANDRÉ
Personal data from participant
First and last names

Stéphanie André

Profession

Engineer

Working institution

Stucky Ltd

Country

Switzerland

Project summary

The project aims at supporting more effectively water resources management in the
basin taking into consideration flood and drought mitigation, sustainable water use
and environmental management. This goes in particular through ensuring effective
stakeholder consultations and public participation.
The project consisted in achieving assessments in different topics (society,
environment, economics, and flood protection) to define key components to be
protected. This included data collection with local visits and various meetings
with local stakeholders. By defining different scenarios with various hydropower
developments, and applying a multi-criteria analysis, impacts and benefits of different
developments were then explored. The water resources balance, integrating the
various development scenarios and the climate change, was assed using a WEAP
(Water Evaluation And Planning System) analysis. Mitigation measures were proposed
to optimize the best development scenarios for a sustainable water management.
The results of the project were recommendations to water and environment
management in order to prioritize measures to be taken in the future. In terms of
water management, this included in particular an acceleration of the transboundary
cooperation and agreement, implementation of legal standards and improvement
in the management of water and solid wastes. Regarding flood attenuation and
hydropower, a better consideration of weather forecast techniques, a better
coordination between countries and an enforcement, as well as harmonization of the
legislation to undertake EIA, were proposed. Other recommendations included a better
monitoring system, a raise in public awareness about the potential impacts associated
with climate change and an improvement in the protection of natural areas of endemic
fishes.

Location

Drina River basin (Balkans)

Context of the intervention area
Environmental, social and institutional characteristics of the high mountain area:
The Drina River basin has a catchment area of 19,680 km2 and is located over 3 main different countries: Bosnia and
Herzegovina (37.1%), Montenegro (31.6%) and Serbia (30.5%). It also covers a small part of Albania (0.8%). The basin
is home of approximately 1 million people.
The river has a length of 346 km before joining the Sava River at the Serbian-Bosnian border. At Zvornik, about 80
km upstream of the river mouth, the average discharge is 340 m3/s. The flood discharges have been estimated to be
4,900 m3/s for floods with a return period of 50 years, 5,780 m3/s for 100 years and 16,000 m3/s for 1000 years.
Demographically, the region experiences a population decline, as revealed by the last census (2011-2013).
With climate change, temperature is expected to increase by more than two degrees until the end of the century and
precipitations are expected to reduce by more than 10%, even by 30% according to some models.
Main socioenvironmental conflicts linked to water:
The main competition for water resource uses in the future will concern mainly hydropower production,
environmental protection, mitigation of drought periods regarding aquatic and alluvial ecosystems, and agricultural
irrigation.
Main challenges related to the integrated water management:
Main issues related to water management include competing water uses (see above), increasing frequency of
floods and droughts, as well as water quality. Another strategic challenge for water management concerns is
data management with improvement in monitoring, the active and efficient participation of stakeholders, and the
consideration of the transboundaries effects.
The definition of future water use scenarios, with an uncertain demographic evolution, is also a challenge.

Implemented multipurpose projects information
Name of the implemented
project

Support to water resources management in the Drina River basin

Company and/or
institutions involved
in its implementation/
formulation

World Bank Group – Water
Joint Venture: COWI AS, Stucky Ltd, Jaroslav Cerni Institute - Belgrade

Duration

From October 2015 to December 2017
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Glaciares+ Project Partners:

