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Coordination between the water, energy, food and environment sectors is fraught with
difficulties at the national level and the complexity increases substantially in transboundary
basins. The “nexus approach” to managing interlinked resources has emerged as a way
to enhance water, energy and food security by increasing efficiency, reducing trade-offs,
building synergies and improving governance while protecting ecosystems.
This technical material contains results of the nexus assessment of the Sava River Basin
shared by Bosnia and Herzegovina, Croatia, Montenegro, Serbia and Slovenia that
was carried out from 2014 to 2016 in the framework of the UNECE Water Convention’s
Programme of Work. The methodology employed was developed specifically for
assessing the nexus in transboundary basins with multi-disciplinary expertise.
The assessment aimed to foster transboundary cooperation by identifying intersectoral
synergies and determining measures that could alleviate tensions related to the multiple
needs of the riparian countries for common resources. The process looked to generate
relevant information to support decision-making, and it engaged diverse expertise and
key actors in the basins. The participatory assessment process for the Sava River Basin
involved an intersectoral workshop for identification of the main intersectoral issues and
possible solutions, detailed by a subsequent analysis, and followed by consultations of
the various sectoral authorities concerned.
This nexus assessment describes the characteristics of the water, food and land,
energy and ecosystem services, and their governance. The assessment shows multiple
linkages in the Sava River Basin between the different basin resources, and concludes
that strengthening transboundary cooperation on the integrated management of these
resources will bring real benefits. Graphics illustrate the interlinkages identified. Climate
change and socioeconomic drivers, and their effects on intersectoral dynamics, are
also considered. Finally, a broad range of beneficial response actions are outlined.
Solutions proposed span institutions, information, instruments, infrastructure as well as
international coordination and cooperation.
The Sava nexus assessment identifies a number of benefits both related to and
independent of economic activities that are generated by improvements in the
management of the basin’s resources as well as by the enhanced trust between the
Sava countries.
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FOREWORD
The Sava River Basin is critical in ensuring energy, water and job
security as well as the environmental integrity of the region. Its
water resources are fundamental for economic development, and
the impacts from development and water management in any
of the riparian countries can be felt across borders. Sectoral and
economic development decisions are commonly taken outside
the sphere of water management. For this reason, this assessment
of the water-food-energy-ecosystems nexus, which looks at
interlinkages, is very relevant and welcome.
The agreements on water cooperation in the region contribute
towards the implementation of provisions of the Convention
on the Protection and Use of Transboundary Watercourses
and International Lakes that in addition to the International
Sava River Basin Commission (ISRBC), constitutes a common
legal/institutional framework for all the riparian countries of the
Sava River Basin. The related obligations concern the equitable
and reasonable use of shared waters, as well as the prevention
of transboundary impacts. The ISRBC’s scope of work is broad in
terms of economic sectors, but the need to be further informed
about planned developments, and have water resource constraints
reflected in such plans, prevails.
The nexus assessment process contributes to the implementation
of the Framework Agreement on the Sava River Basin (FASRB),
particularly as further integration of water policy with other
policies, as well as further dialogue with key sectoral stakeholders,
have been set in the Strategy on Implementation of the FASRB
as specific objectives in the field of river basin management. The
nexus assessment process involved reaching out to diverse sectoral
stakeholders, and due its pioneering nature was a challenging
learning process. It is partly because of efforts to consult – extremely
important for the countries’ ownership and best outcome – that it
has taken time.
Ongoing policy processes present various opportunities to
address intersectoral issues and to prevent related friction from
developing. The second cycle of RBM planning in accordance with
the EU Water Framework Directive is informed and complemented
by the nexus assessment which highlights, for example, the energy
and climate policy commitments and trends that water resources
management does not consider. The way environmental impacts
in a transboundary context are reflected in the context of ISRBC
maybe be revisited. The Sava Water Council is shaping up as a forum
that brings to the table all-important feedback from different and
new types of actors.
Multiple level governance is an important factor in any
management response to many of the identified intersectoral
challenges. Notably a nexus approach merits attention, also in the
context of the European Union’s macro-regional strategies that
are multi-sectoral by nature. Some valuable intersectoral work has
already been undertaken in cooperation with the International
Commission for the Protection of the Danube River and other key
partners, involving not only the Sava but also the larger Danube
Basin. Jointly formulated guiding principles for reconciling
navigation and environmental protection, as well as for sustainable
development of hydropower, stand as important examples.

Growing pressures from development, demographics and
climate change call for intersectorally coordinated, cooperative
transboundary approaches to the management of water, land,
energy and environmental resources. Objectives set in different
areas of development may not be fully compatible and there are
trade-offs involved. Considering the 2030 Agenda, the Sustainable
Development Goal (SDG) on water and sanitation (SDG 6), on food
security and sustainable agriculture (SDG 2), on access to energy
(SDG 7), and the protection and sustainable use of ecosystems
(SDG 15) are closely interlinked. Therefore, achieving the SDGs
will require coordination across sectors, coherent policies, and
integrated planning. The different sector authorities need to work
under better coordination and involve the different key interests
and stakeholders. The ISRBC provides a platform that could be
used to a larger degree for intersectoral dialogue, and for assessing
impacts of sectoral plans at the basin level.
The assessment of the water-food-energy-ecosystems nexus in
the Sava River Basin was a scoping level exercise that raises new
questions and points at potential cooperation opportunities to
encourage action, the outcomes of which can be built upon and
developed further. In the basin of the Drina tributary, a followup study is being extended to detail benefits linked to selected
response measures, including flow regulation. With examples
and exchange of experience, a more concrete picture of practical
application of an intersectoral approach is emerging.

Dr. Mitja Bricelj
Chairman of the ISRBC

IV | ASSESSMENT OF THE WATER-FOOD-ENERGY-ECOSYSTEMS NEXUS IN SAVA RIVER BASIN

ACKNOWLEDGEMENTS
This nexus assessment could not have been prepared without
the help and input of many individuals and organizations. The
UNECE secretariat would like to thank the following persons who
contributed to the process, including to the work at the meetings
of the Task Force on the Water-Food-Energy-Ecosystems Nexus,
the basin workshops and consultations, for their help in preparing
the assessment. All those whom we have inadvertently forgotten,
please accept our sincere apologies along with our thanks.
Enes Alagic
Ivana Bajković
Bogdan Barbič
Aleš Bizjak
Momcilo Blagojevic
Darko Borojević
Merita Borota
Petra Brandelek
Irena Brnada
Mitja Brilly
Aleksandra Drobac Čik
Nataša Crnković
Gorana Ćosić-Flajsig
Gabriela Cretu
Aleksandar Dragišić
Nenad Đukić
Neven Duić
Nataša Đereg
Dragana Đukić
Irma Popović Dujmović
Dimitris Faloutsos
Lidija Globevnik
Goran Gugić
Silvester Jeršič
Ita Juroš
Mihaela Kadija
Boško Kenjić
Ivana Kesten
Jože Klemenčič
Verena Klinger-Dering
Stanka Koren
Aleksandra Kovačević
Miroslav Kukobat
Tarik Kupusović
Raimund Mair
Miroslav Marković
Jelena Marojević-Galić
Lucija Marovt
Nataša Milić
Dragana Milovanovic
Miodrag Milovanovic
Marija Pinter
Blaž Pišek
Jasna Plavšić
Tatijana Rakočević
Petra Remeta

Aleksandra Šiljić
Slobodan Simić
Gordana Špegar
Dragan Šulović
Bedoriev Sunatulo
Dejan Supić
Naida Taso
Jovan Vukadinović
Nikola Vukotić
Ivan Zavadsky
Dragan Zeljko
Denis Žiško
Nataša Žugić-Drakulić
Zrinko Zvocak

Local experts
Sava:
Gorana Ćosić-Flajsig, Alma Imamović,
Zdenka Ivanović, Lucija Marovt, Marko
Pavlović, and Dejan Komatina and Samo
Grošelj for the coordination.

International experts
Authors:
Lucia de Strasser, Dimitris Mentis, Eunice
Ramos, Vignesh Sridharan,
Manuel Welsch and Mark Howells
(Royal Institute of Technology, KTH), Gia
Destouni and Lea Levi
(Stockholm University), Stephen Stec –
Central European University, Ad de Roo
(European Commission's Joint Research
Centre JRC)
Other contributors:
Peter Burek, Hylke Beck, Marco Pastori,
Jeroen Bernhard, Bernard Bisselink,
Giovanni Bidoglio (JRC modelling, chapter
5), Plamen Peev, Jose Daniel Teodoro
(governance), Tatiana Pasquel, Aizo
Lijcklama and Simona Getova (input to
desk reviews)

Editing and design

UNECE

English editing:
Cathy Lee.

Water Convention secretariat:
Annukka Lipponen, overall process and
content coordinator.

Design and graphics:
Nick Jackson, North Creative (design),
Tino Vegh, Optimum Dizajn d.o.o. (layout),
Matthias Beilstein (maps), Emmanuelle
Bournay and Carolyne Daniel (graphics).
Photos:
The International Sava River Basin
Commission.
Photographers:
Predrag Zec
Srđan Marinčić
Milan Vogrin
Miroslav Jeremić
Boris Krstinić
Branimir Radovanović
Željko Krčadinac
Josip Ušaj
Vladimir Dobretić
Zoran Lazić
Milan Bobić
Ivana Pavlović
Jadranko Markoč
Jelka Mihajlovska
Vladimir Đinić
Ivica Brlić
Robert Haim
Boris Sontacchi
Dušan Stegić
Jelena Marcetić
Goran Dorić
Berislav Blagojević
Tamara Stojković
Vlada Marinković
Branislav Stanković
Zvonko Radičanin
Vladimir Tatarević
Vladimir Knežević

Francesca Bernardini, Nick Bonvoisin,
Farkhod Abdurakhmonov, Chantal
Demilecamps, Anna Kaplina, Sonja
Koeppel, Bo Libert, Cammile Marcelo,
Peep Mardiste, Nataliya Nikiforova, Katri
Veldre, Kati Wenzel.
UNECE Environment Division and
other divisions:
Tea Aulavuo, Marco Keiner, Sergiusz
Ludwiczak, Alisher Mamadzhanov,
Antoine Nunes, Gianluca Sambucini,
Iulia Trombitcaia, Lukasz Wyrowski.

Donors and partners
UNECE would like to thank the
following partners for their generous
contribution to the nexus assessment:
Ministry of Foreign Affairs of Finland and
Finnish Environment Institute
Swiss Agency for Development and
Cooperation and the Swiss Federal Office
for the Environment
Royal Institute of Technology, Stockholm

The preparation of this technical report was funded by the German Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety by the Advisory Assistance
Programme for environmental protection in the countries of Central and Eastern Europe, the Caucasus and Central Asia and other countries neighbouring the European Union. The project
was supervised by the Federal Environment Agency (Umweltbundesamt, UBA).
The assessment was carried out in cooperation with the International Sava River Basin Commission.

ASSESSMENT OF THE WATER-FOOD-ENERGY-ECOSYSTEMS NEXUS IN SAVA RIVER BASIN | V

LIST OF COUNTRY CODES
BA

Bosnia and Herzegovina

RS

Serbia

HR

Croatia

SI

Slovenia

ME

Montenegro

ACRONYMS AND ABBREVIATIONS
CAP

Common Agricultural Policy

RE

Renewable energy

DRB

Danube River Basin

RENA

Regional Environmental Network for Accession

EC

European Commission

RES

Renewable energy sources

EEA

European Environment Agency

RET

Renewable Energy Target

EIA

Environmental Impact Assessment

SEA

Strategic Environmental Assessment

EPIC

Environmental Policy Integrated Climate

SRB

Sava River Basin

EU

European Union

UN

United Nations

FAO

Food and Agriculture Organization of the United Nations

UNECE

United Nations Economic Commission for Europe

FASRB

Framework Agreement on the Sava River Basin

UWWT

Urban Waste Water Treatment (Directive 91/271/EEC)

GDP

Gross Domestic Product

WATCAP

Water and Climate Adaptation Plan (for the Sava River Basin)

GHG

Greenhouse gas

WFD

Water Framework Directive (Directive 2000/60/EC).

GIS

Geographic Information System

WMO

World Meteorological Organization

GWP

Global Water Partnership

HPP

Hydropower plant

ICPDR

International Commission for the Protection of the Danube River

IPCC

Intergovernmental Panel on Climate Change

IPPC

Integrated Pollution Prevention and Control

ISRBC

International Sava River Basin Commission

JRC

Joint Research Centre (European Commission)

KTH

Royal Institute of Technology, Stockholm

MoP

Meeting of the Parties

MOU

Memorandum of Understanding

NGO

Non-governmental organization

OECD

Organisation for Economic Co-operation and Development

OSeMOSYS

Open Source energy Modelling System

PES

Payment for Ecosystem Services

RBMP

River Basin Management Plan

RCP

Representative Concentration Pathways

UNITS OF MEASURE
a.s.l.

Above sea level

kW

CO2

Carbon dioxide

m

GW

Gigawatt

Mm

Million cubic metres

GWh

Gigawatt-hour

MW

Megawatt

h

Hour

s

Second

Hectare

TJ

Terajoule

km

Square kilometre

°C

Degree Celsius

km

Kilometre

%

Per cent

ha
2

Kilowatt
Cubic metre

3
3

VI | ASSESSMENT OF THE WATER-FOOD-ENERGY-ECOSYSTEMS NEXUS IN SAVA RIVER BASIN

TABLE OF CONTENTS
CHAPTER 1
Introduction: The nexus assessment in the Sava River Basin

1

1.1 Intersectoral challenges and the nexus approach

1

1.2 The nexus assessment under the UNECE Water Convention

2

1.3 Why the Sava River Basin?

4

1.4 About this assessment

5

CHAPTER 2
Geography of the Sava River Basin

7

CHAPTER 3
Governance context

9

3.1 Background and introduction	

9

3.2 Norms, institutions and governance on the global and/or regional level

10

3.3 Norms, institutions and governance on the EU and basin level

11

> 3.3.1. European Union

11

> 3.3.2 Basin level

11

3.4 Norms, institutions and governance on the national and sub-national level (intersectoral)

14

> 3.4.1 Relevant national strategies and action plans, e.g. sustainable development (non-sectoral)

15

> 3.4.2 National policies and laws related to integrated decision-making

15

> 3.4.3 Institutions

16

3.5 Governance aspects of cross-sectoral integration on regional/international level

19

> 3.5.1 EU integration

19

> 3.5.2 Relevant national strategies and action plans 

21

> 3.5.3 National policies and legislation related to integrated decision-making

CHAPTER 4
The Sava River Basin and its role in various sector



22

27

4.1 Sectors and resources

27

> 4.1.1 Resources - Water

29

> 4.1.2 Resources - Energy

29

> 4.1.3 Resources - Land

30

> 4.1.4 Resources – Ecosystems and environment

31

> 4.1.5 Society - Settlements

31

> 4.1.6 Economy - Agriculture

32

> 4.1.7 Economy - Industry

33

> 4.1.8 Economy - Navigation

34

4.2 National development trends that impact on the basin

35

> 4.2.1 Resources - Water trends

36

> 4.2.2 Resources – Energy trends 

36

> 4.2.3 Resources – Land use trends

38

> 4.2.4 Resources – Ecosystems and environmental trends

39

> 4.2.5 Society – Settlement trends

39

> 4.2.6 Economy – Industrial trends

41

> 4.2.7 Economy – Agricultural trends

42

> 4.2.8 Economy – Navigation trends

42

ASSESSMENT OF THE WATER-FOOD-ENERGY-ECOSYSTEMS NEXUS IN SAVA RIVER BASIN | VII

CHAPTER 5
Selected nexus issues with illustrative quantification

43

5.1 Models: Climate Change-Agriculture-Water LISFLOOD model

44

> 5.1.1 Models: Application of LISFLOOD to the Sava River Basin

45

> 5.1.2 Models: Preliminary results of LISFLOOD to the Sava River Basin

48

5.2 Models: Water-Energy-GHG emissions (OSeMOSYS)

51

5.3 Defining scenarios

52

> 5.3.1 Nexus issue: Sava River Basin waters, energy and greenhouse gas mitigation

53

> 5.3.2 Nexus issue: Changing rainfall, energy and greenhouse gas mitigation

55

> 5.3.3 Nexus issue: Increasing agriculture, changing rainfall, energy and greenhouse gas mitigation

57

5.4 Other nexus issues

59

> 5.4.1 Valuing water in the context of competition

59

> 5.4.2 Nexus issue: Flood events 

60

> 5.4.3 Nexus issue: Sedimentation and erosion

62

> 5.4.4 Nexus issue: Groundwater pressures

62

> 5.4.5 Nexus issue: Point-source pollution 

63

> 5.4.6 Nexus issue: Navigation



> 5.4.7 Nexus issue: Ecosystem services

63


65

> 5.4.8 Nexus issue: Conflicting interests between the sectors and shortcomings in intersectoral coordination 

CHAPTER 6
Inter-sector, transboundary ‘nexus solutions’ and synergies



66

67

6.1 Nexus solution: Sava River Basin water management as an energy security measure	

68

6.2 Nexus solution: Sava River Basin waters enable countries to meet their renewable energy targets	

68

6.3 Nexus solution: Water efficiency in settlements	

69

6.4 Nexus solution: Water efficiency in agriculture	

70

6.5 Nexus solution: Valuing water by service and location	

71

6.6 Nexus solution: Increasing flexibility with multipurpose dams	

73

6.7 Nexus solution: Developing pragmatic ecosystem evaluation	

73

6.8 Nexus solution: Greenhouse gas mitigation planning to align with water management activities	

74

6.9 Nexus solution: Adapting to climate change	

74

6.10 Nexus solution: Drought adaptation	

76

6.11 Nexus solution: Adapting to flood events	

76

6.12 Nexus solution: Navigation and sedimentation	

76

6.13 Nexus solution: Intersectoral coordination	

77

6.14 Nexus solution: Revision of organizational mandates	

79

6.15 Nexus solution: Transparency and accountability	

80

CHAPTER 7
Discussion: selected observations



CHAPTER 8
Conclusions and recommendations 

81

85

References

87

Appendix A: Indicators	

91

Appendix B: Energy model of the Sava River Basin countries	

91

VIII | ASSESSMENT OF THE WATER-FOOD-ENERGY-ECOSYSTEMS NEXUS IN SAVA RIVER BASIN

SUMMARY

Assessment of the Water-Food-Energy-Ecosystems Nexus
in the Sava Basin

INTRODUCTION

Coordination between the water, energy, food and environment
sectors is fraught with difficulties at the national level whose
complexity increases substantially in transboundary basins. The
“nexus approach” to managing interlinked resources has emerged
as a way to enhance water, energy and food security by increasing
efficiency, reducing trade-offs, building synergies and improving
governance, while protecting ecosystems.
Under the UNECE Water Convention the main objective of the
nexus assessments is to foster transboundary cooperation by
identifying intersectoral synergies and determining measures
that could alleviate tensions related to the multiple needs of
riparian countries for shared resources. The nexus assessment of
the Sava River Basin aims to support the implementation of the
Framework Agreement on the Sava River Basin (FASRB), particularly
with regard to the further integration of water policy with other
sectoral policies, as well as advancing dialogue with key sectoral
stakeholders, notably in the sectors of energy and agriculture.
The participatory assessment process included an intersectoral
workshop that brought together sector authorities and other
key stakeholders from the riparian countries to identify the main
intersectoral issues and their possible solutions. This picture was
enhanced by a subsequent analysis, followed by consultations
among the various sectoral authorities concerned both in the form
of meetings and in the gathering of comments. The main findings
are briefly described below.
The natural resources of the Sava River Basin are key to the
current and future development of the Sava countries. The
Sava River Basin is home to 8.1 million people covering a total
area of 97,713 km2 that includes considerable areas of Bosnia and
Herzegovina, Croatia, Montenegro, Serbia and Slovenia, as well as a
very small part of Albania. A significant share of water, hydropower,
land area and economic activity in the Sava countries is based in or
derived from the basin, for example electricity generation capacity
amounts to 53 per cent or 76 per cent of thermal power plants.

The Dinaric Karst Aquifer is a main source of drinking water. Water
and land resources support significant agricultural production and
navigation. Intact floodplains contribute towards flood mitigation
and biodiversity conservation. Pristine natural ecosystems and
recreational water-based modes of transport attract tourism.
Forests and wetlands are interwoven with local culture and
community livelihoods, providing foraged food, fuel and timber.
And low carbon electricity production contributes to significant
reductions in greenhouse gas emissions.
The resources of the Sava River Basin are strongly inter-linked.
The inter-linkages between water, energy, land, and ecosystem
resources are strong in many basins and countries – this relationship
is known as the “nexus”. For example, the energy sector in the
Sava River Basin has proven dependent on the status of water
resources — in dry spells, power generation from hydropower
plants decreases while flooding results in the shutdown of thermal
plants (as their cooling systems are compromised) and affects the
operation of coal mines.
The Sava River Basin’s resources are under increasing pressure.
Economic activity in the Western Balkans is expected to grow faster
than the EU average driving a more intense use of water, land
and energy resources over the next 15 years. Pressure to develop
hydropower (a low cost domestic resource with greenhouse gas
emissions-reduction potential) is increasing, and while water use
for irrigation is currently small, expected agricultural expansion
(for example, optimal irrigation could increase average maize
yield by 74 per cent) will result in a greater need for irrigation and
thus energy demand. The use of the Sava Basin’s river network for
transport will also intensify with economic growth, but in order
maintain the transport routes, sedimentation and river levels need
to be maintained. Climate change will also add pressure both in
terms of hydropower development, to meet climate mitigation
policy targets, and as a result of lower rainfall patterns, which will
lead to a substantial increase in low-flow conditions in the lower
Sava (exacerbated by agricultural expansion) with attendant
consequences for navigation, drinking water intake, groundwater
resources use, and on the environment.
A transboundary nexus approach enabling cross-sectoral
and cross-country intervention is needed to address current
challenges. For example, lower impact floods, which can often last
for up to four days, can be better contained if natural floodplains
are complemented by spare reservoir capacity, in which case a
centennial flood (with levels of about 6,000 m3/s) hitting the Sava
River Basin could be delayed by at least four hours if current water
storage infrastructure (with a capacity of 1,752 km3) are half full.
Efficient irrigation measures would also reduce the total volume of
water that would need to be pumped, reducing energy demand,
with a more pronounced effect when water is scarce (when energy
costs are higher).
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A transboundary nexus approach in the Sava can be built
on existing processes. The FASRB and the International Sava
River Basin Commission (ISRBC) provide a legal and institutional
framework for cooperation at international and inter-sectoral scales.
The ISRBC supports the establishment of joint objectives that can
be implemented by countries at different stages of development.
It serves as a forum where different interests (such as recreation
and tourism, industry, agriculture or navigation) are represented
and where issues of common concern can be discussed, and it
coordinates the development of various intersectoral plans and
the establishment of integrated systems (e.g. information and data
exchange, forecasting and warning systems). While the involvement
of the energy and agricultural sectors in basin level coordination is
still at an early stage, the Strategy on Implementation of the FASRB
envisages further integration of water policies with other sector
policies. EU policies and processes represent both a driver and an
opportunity to improve nexus management; an example is the EU
initiative to improve resource efficiency beyond sectoral mandates.
The Sava nexus assessment has identified a menu of solutions
to address specific intersectoral challenges in the Sava River
Basin. Institutional solutions include further improving the
relatively well developed governance architecture by clarifying
roles and responsibilities, particularly in the monitoring of basin
resources and in the support of the application of sustainable
development principles in economic and sectoral planning and
decision-making. Information solutions in the Sava River Basin
should be aimed at developing a shared knowledge base by
investing in monitoring and forecasting, but also in terms of access
to information and in developing guidelines that synthesize good
experience and help harmonize approaches (several of which
are already available in the areas of navigation, hydropower or
ecotourism). A mix of regulatory, economic and information policy
instruments is needed to exploit the high potential in the basin to
increase resource efficiency, for example, by promoting the use of

low-flow appliances in households, as well as water and energy
efficient technologies, industries and utilities, and the adoption
of more efficient irrigation practices. Infrastructure solutions
include promoting the multiple and flexible use of infrastructure,
in particular dams, irrigation and drainage systems; investing in
expanding and upgrading water infrastructure, such as wastewater
treatment; coordinating infrastructure investments, such as in
hydropower and other renewable energy sources; and protecting
natural infrastructure assets, such as floodplains and wetlands.
International coordination and cooperation at basin and
regional level offers opportunities to “manage the nexus”
beyond what is possible at national level. These include
the development and implementation of legal instruments, in
particular the FASRB and its protocols, but also EU Directives, as well
as transboundary planning processes such as the Sava River Basin
Management Plan and the Flood Risk Management Plan for the Sava
River Basin, and further regional integration and harmonization, in
particular around EU accession and approximation.
There are many benefits of adopting a transboundary nexus
approach in the Sava River Basin. For example, given that the
value of water varies across the basin (‘upstream water’ has a high
value as it can pass through a greater number of hydropower
plants), investments in irrigation efficiency in the upstream
parts of the basin would become economically attractive even if
conditions for agriculture are more favourable downstream. The
Sava nexus assessment identifies a number of benefits both related
to and independent of economic activities that are generated by
improvements in the management of the basin’s resources as well
as by the enhanced trust between the Sava countries.
It is hoped that this work informs, guides and spurs further action
by Governments, the International Sava River Basin Commission,
international organizations and civil society to address the
identified intersectoral challenges.
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CHAPTER 1

Introduction and background:
The nexus assessment in the Sava River Basin
This report seeks to identify and describe selected issues related
to the interdependence of water, food, energy and ecosystem
resource systems in the Sava River Basin as well as the related
opportunities for improving cooperative and coordinated
management of the basin’s resources. The nexus assessment
approach, developed under the Convention on the Protection
and Use of Transboundary Watercourses and International Lakes
(Water Convention), focuses on dynamics between these resource
systems and the transboundary-intersectoral implications of their
management, which may have tangible consequences in the
development of countries in which the Sava River Basin lies. When
impacts occur that require management (as a result of linkages
between resource systems) they are referred to as ‘nexus issues’.
These nexus issues will affect the national development of
various sectors, but current policy processes may not yet take into
consideration their management. Conversely, national policies can
influence the development in the Sava River Basin and therefore
affect its management in the medium to long term.
The set of nexus issues described in this report is not exhaustive
nor is the list of possible actions and solutions, but the examples
provided illustrate the benefits that can be obtained from
improved intersectoral coordination and policy coherence.
However, further study and quantification would provide a
better indication of the extent to which increased integration
is important regarding the possible effects of the solutions
identified.
The ‘nexus issues’ and ‘nexus solutions’ listed in this report have
been developed on the basis of dialogue among the national
authorities of the Sava riparian countries and other stakeholders
during the consultation process and in particular during various
workshops. The solutions developed reflect the opportunities that

exist to help take advantage of the integrated nature of the Sava
River Basin’s resources, as well as the regional and national policies
to which they pertain.
A key step in the nexus assessment process in the Sava River Basin
was a participatory intersectoral workshop that was organized
jointly by the United Nations Economic Commission for Europe
(UNECE) Water Convention secretariat and the International Sava
River Basin Commission (ISRBC) in Zagreb on 4–6 March 2014. Some
50 representatives of the relevant ministries and various interest
groups from Bosnia and Herzegovina, Croatia, Montenegro, Serbia
and Slovenia participated to jointly identify the interrelationships
between the various ‘nexus’ resources as well as the potential
intersectoral opportunities.
As a follow-up to this workshop, selected linkages were
investigated. In parallel to the analysis of natural resources and
their physical interlinkages a governance analysis was undertaken
in order to understand the structure of governance in the sectors
concerned as well as how intersectoral coordination is established.
Suggestions indicate where there are opportunities to improve
the coherence of mandates and the responsibilities of resource
management, which involve analysing the role and influence
of regional legal frameworks and policies in the context of Sava
riparian countries.
This report suggests the possible next steps to improve coherence
in managing water resources, as well as some conclusions that
emerged from the nexus assessment of the Sava River Basin. The
report also suggests why increased integration across sectors
is important and highlights nexus solutions that would help
reduce related negative effects while realizing benefits and taking
advantage of the resource base in the Sava River Basin and the
existing governance set-up and national policies.
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1.1 INTERSECTORAL CHALLENGES
AND THE NEXUS APPROACH
Land, energy, water and the ecosystems they support are our most
precious resources,1 providing food, energy, clean water and other
essential services. Food, energy and water demands are growing
and are traded in local and global markets. However, their scarcity
has been at the heart of conflict, which has been exacerbated as a
result of climate change. Moreover, the use and production of one
resource affects the use and production of others.2 Further, these
resources are commonly managed in national institutional silos,3
meaning that energy, land management and water resources
planning takes place in isolation without adequately considering
the requirements of planned developments or the assumptions
made about other sectors, based on the implications – positive or
negative, they might have. The negative impacts that result from
the isolated management of one resource can spread from one
sector to another, as well as instil a low level of coherence between
two sectorial policies such that the use of a common resource can
negatively impact both sectors. Inefficiencies or lost opportunities
for economic benefits may also occur.
Interlinkages are significant. To give a sense of scale, the Global
Sustainable Development Report4 notes that “at a global level
seven per cent of commercial energy production is used for
managing the world’s freshwater supply, including for extraction,
purification, distribution, treatment and recycling. About 70% of
human water use is for irrigation and 22% is for industry, most of
which is for thermal cooling in power plants and manufacturing.
Roughly four per cent of final energy use is in agriculture, and food
processing and transportation uses an increasing additional energy
amount. About half [the] demand increase for maize and wheat has
been due to biofuel production. Energy use for desalination and
pumping for irrigation constitutes a large share of energy use in
some developing countries.”
Shortcomings in intersectoral coordination are a major challenge
both on the national and transboundary level in developing
countries, economies in transition, as well as in developed
countries. In a transboundary setting, the intersectoral implications
across borders due to resource trade, shared ecosystems or basin
hydrology reach another level of complexity as trade-offs and
externalities cause friction among riparian countries and their
different interests.
Identifying interrelationships associated with the provision of
ecosystem services, the resources they supply and the institutions
that govern them is of great importance. Achieved in the correct
setting this will help identify synergies, prevent potential tensions
and inform good governance. Thus the need to understand
integrated issues at various scales – including at a transboundary
basin level – is crucial.

1.2 THE NEXUS ASSESSMENT
UNDER THE UNECE WATER CONVENTION
Recognizing the challenges related to intersectoral coordination in
transboundary basins, the Parties to the UNECE Water Convention
decided to carry out an assessment of the water-food-energyecosystems nexus as part of its 2013–2015 Work Programme. Based
on proposals from the countries concerned as well as joint bodies,
a representative set of transboundary basins, mainly in the panEuropean region, was selected for the assessment.
Together with the concerned sectors and relevant stakeholders,
the nexus assessment aims to identify hindrances to and
opportunities for additional and equitable sharing of benefits from
stronger integration across sectors as well as practical solutions
for improving security and for reconciling the different sectors’
needs. The process has been designed to support ownership by
the authorities, as well as meaningful participation of the various
stakeholders, learning together and exchanging experience
between basins.
The Parties to the Water Convention established a Task Force on
the Water-Food-Energy-Ecosystems Nexus to oversee the nexus
assessment. The methodology applied was developed specifically
for the nexus assessment of transboundary basins under the
UNECE Water Convention (UNECE, 2015b). The main process of this
methodology is illustrated by the steps below (figure 1).

FIGURE 1

Indicative representation of the methodological approach for nexus assessments of transboundary river basins.

1
2
3
4

Mark Howells and others (2013). Integrated analysis of climate change, land-use, energy and water strategies. Nature Climate Change, vol. 3, pp. 621–626.
Morgan Bazilian and others (2011). Considering the energy, water and food nexus: Towards an integrated modelling approach. Energy Policy, vol. 39, pp. 7896–7906.
Mark Howells and Hans-Holger Rogner (2014). Water-energy nexus: Assessing integrated systems. Nature Climate Change, vol. 4, pp. 246–247.
UN, Chapter 6: Special theme - The Climate Land-Energy-Water-Development nexus. In Prototype Global Sustainable Development Report (New York, United Nations, 2014).
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Further, the diversity of the basins to be assessed requires the
methodology to be flexible enough to allow the analysts to
consider a wide range of interlinkages and conditions, applying at
the same time a simple and consistent framework. To allow for this
flexibility, the assessment process has been designed to zoom-in
from a broad socioeconomic diagnosis of the basin to its specific
intersectoral issues and existing opportunities to mitigate them.
Steps include: i) a literature review of relevant sectoral policies
and documentation to understand the socioeconomic context in
the basin; ii) identification of key sectors and stakeholders, and a
participatory workshop involving representatives of all key sectors
and actors from all the riparian countries concerned; iii) an analysis
of sectoral development, identifying their linkages with other
sectors; iv) the identification of linkages that result in selected
‘nexus issues’; v) the impact of these issues are then dialogued

and documented; from this vi) ‘nexus solutions’ and benefits are
identified. This is undertaken with limited – and mainly indicative
– quantification. Finally, consultative workshops are held to review
the initial findings and the report is then finalized. Along the way
various data are collected, which vary from indicators to qualitative
and quantitative questionnaires. When not incorporated in the
body of this report, they are collected in Appendix A
The integration of a governance analysis is undertaken in parallel
for relevant sectors and main institutions to explore incongruences
and potentials for cooperation and coordination at the level of
policy development, planning and management.
The methodology was updated after its application to the Sava
River Basin (UNECE, 2015b).
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1.3 WHY THE SAVA RIVER BASIN?
The Sava River Basin is an important source of water for
settlements, industry, energy, ecosystems and agriculture for all
its riparian countries (with minor contributions in Albania). It is
therefore an integral part of the development and support of each
of those sectors, and a valuable target for a nexus assessment.
Based on the interest in participating in the assessment of the
water-food-energy-ecosystems nexus under the Water Convention
expressed by the Sava countries, confirmed by the proposal of the
International Sava River Basin Commission, the Sava River Basin
was selected for the assessment.
The Sava River Basin is also a meaningful example of a
transboundary basin in which transboundary cooperation is
advanced and oriented towards intersectoral dialogue. At the heart
of this cooperation and coordination is the International Sava River
Basin Commission (ISRBC), which was established for the purpose
of the implementation of the Framework Agreement on the Sava
River Basin1 (FASRB).
The ISRBC has three main goals for which it provides a cooperation
platform for riparian countries. They are: i) the establishment
of an international regime of navigation on the Sava River and
its navigable tributaries; ii) the undertaking of measures to
prevent or limit hazards; and iii) the establishment of sustainable
water management. The latter includes, as reported in the
mission statement of the ISRBC, cooperation on the sustainable
management of the Sava River Basin water resources, including the
integrated management of surface and groundwater resources in
a manner that would provide:

Basin Management Plan (ISRBC, 2013a), approved in 2014, make
intersectoral (nexus) considerations very timely while the nexus
assessment provides further stakeholder views and new analytical
findings supporting these processes.
Key questions tackled by the ISRBC include: How to further improve
intersectoral coordination, including tourism, hydropower and
agriculture sectors? How compatible are the planned developments,
and how can the related trade-offs be best addressed? How well
does the current infrastructure accommodate the different uses?
Already committed to promote transboundary coordination and
integrated water management the ISRBC moves a step further
with this assessment by explicitly involving other sectors – the
agriculture and energy sectors in particular – in a dialogue over
shared water resources.
The assessment of the Sava River Basin is the second of a series
of assessments carried out under the Water Convention. The
methodology developed has been tested on a pilot basin, the
Alazani/Ganykh River Basin shared by Azerbaijan and Georgia
(UNECE, 2015b). The Sava assessment complements and builds
upon the pilot assessment and is a logical, progressive next step.

• water in sufficient quantity and appropriate quality for

•
•
•
•

the preservation, protection and improvement of aquatic
ecosystems (including flora and fauna, and ecosystems of
natural ponds and wetlands);
water in sufficient quantity and appropriate quality for all kinds
of use/utilization;
protection against the detrimental effects of water (flooding,
excessive groundwater, erosion and ice hazards);
resolution of conflicts of interest caused by different uses and
utilizations; and
effective control of the water regime.

The ISRBC coordinates the development of the various intersectoral
plans, among them the River Basin Management Plan (RBMP)
according to the EU Water Framework Directive6 (WFD). ISRBC and
the International Commission for the Protection of the Danube
River (ICPDR) have also carried out some pioneering work to better
reconcile the different water uses, for example, on navigation and
the environment7, as well as guiding principles on sustainable
hydropower8.
The strategy for the implementation of the FASRB provides a basis
for transboundary water cooperation in the Sava River Basin and
envisages further integration of water policies with other sectoral
policies. This orientation and the preparation of a first Sava River

5
6

7

8

Information available from: http://www.savacommission.org/dms/docs/dokumenti/documents_publications/basic_documents/fasrb.pdf
The WFD of the European Parliament and of the Council established a framework for Community action in the field of water policy on 23 October 2000. More information available from: http://ec.europa.eu/
environment/water/water-framework/index_en.html
ICPDR, Joint Statement on Guiding Principles for the Development of Inland Navigation and Environmental Protection in the Danube River Basin (Vienna, International Commission for the Protection of the Danube
River, 2007).
ICPDR, Guiding Principles on Sustainable Hydropower Development in the Danube Basin (Vienna, International Commission for the Protection of the Danube River, 2013).
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1.4 ABOUT THIS ASSESSMENT
This assessment of the water-food-energy-ecosystems nexus in the
Sava River Basin is part of a broader UNECE process9, which covers a
number of international river basins with the following objectives:
(a) To foster transboundary cooperation by identifying
intersectoral synergies that could be further explored and
utilized, and by determining policy measures and actions that
could alleviate tensions or conflict related to the multiple uses
of and needs for common resources;
(b) To assist countries in optimizing their use of resources, to
increase efficiency and to ensure greater policy coherence and
co-management; and
(c) To build capacity to assess and address intersectoral impacts.
The nexus assessment of the Sava River Basin also aims to support
the implementation of the FASRB, particularly with regard to the
further integration of water policy with other sectoral policies, as
well as advancing dialogue with key sectoral stakeholders, notably
in the sectors of energy and agriculture.
The assessment underlines the importance and need for deep
integration in the management of sectors; management that goes
beyond standard integrated water resource management (IWRM)

9

The process is described in detail in (UNECE, 2015b).

and that touches the integrated management of other sectors.
The report does not provide a detailed quantitative assessment
but rather it reports on the output of a multisector transboundary
dialogue hosted by the ISRBC and the UNECE. From the dialogue
outputs a simple foundation with quantitative illustrations,
indicating the importance of nexus or ‘deeper’ policy integration,
was laid.
As a key step in the nexus assessment a participatory, intersectoral
workshop was jointly organized by the secretariats of the UNECE
and the ISRBC that included representatives of key ministries as
well as other relevant organizations from different sectors in each
riparian country (Bosnia and Herzegovina, Croatia, Montenegro,
Serbia and Slovenia). The identification of the organizations that
participated at the workshop was guided by the stakeholder
analysis carried out in the framework of the Sava River Basin
Management Plan. The workshop participants also included a
wide range of other stakeholders, such as international and local
NGOs and research institutes. Representatives of each economic
sector provided important development outlooks for their
sectors. Further, analysts provided insights into future impacts
on ecosystems, climate change, deep analysis and other aspects
affecting the development of the region.
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BOX 1.

Scope of work at the nexus assessment workshop
During the workshop, stakeholders were part of two working sessions. The first
consisted of a sector mapping exercise where the expansion of one sector was
analysed in terms of its impact on other sectors and, conversely, other sectors’
impact on it. For simplicity, the groups were defined according to the four main
areas of the nexus: energy, water, food and ecosystems. An example of such an
expansion is taken from the energy sector. As it grows, investing in new facilities,
thermal power plants might affect ecosystems by emitting pollution, and energy
crops (grown specifically for use as fuel) might alter habitats by changing landuse patterns, but both will require water (for cooling and irrigation) such that
energy crop production might finally reduce the potential for food production
and so on.
In the second work session, scenarios were developed to understand the
simultaneous impact of each sector. Efforts were made to understand if the sector
development plans were coherent, and what would be required to make them so.
For example, long-term hydropower production might assume water availability
that is compromised by climate change or agricultural expansion.

is hoped, will set a promising basis for improved dialogue among
policymakers and, more broadly, all interested parties.
The assessment incorporates some quantification of selected
intersectoral dynamics, impacts and solutions, and builds upon the
joint mapping and identification of issues in the nexus assessment
workshop, as well as the aforementioned approach and other key
initiatives. One such quantification effort is a comprehensive land
and water model by the European Commission’s Joint Research
Centre (JRC).10 This is complemented by energy modelling
undertaken by the KTH Royal Institute of Technology. The latter
modelling exercise is limited to generic scenarios of development
drawn in the direction indicated from the initial workshop. All
analyses in this report are simply indicative and are used to motivate
the need for more detailed conclusions in terms of quantification.
All assumptions and data used from official sources, exchanges
with authorities from the countries, and databases that include
statistical information are taken from national agencies. All data
and assumptions were made available for review by stakeholders.

Two key source documents, among several others prepared mainly
in the framework of the ISRBC, were used as primary sources for
this work. They include the Sava River Basin Management Plan
(Sava RBMP) (ISRBC, 2013a) and the Water and Climate Adaptation
Plan (WATCAP) (Heywood, 2013).
In this assessment, new opportunities for transboundary and
intersectoral cooperation are explored. It is hoped that this would
eventually inform improved intersectoral communication and
coordination in management and a deeper integration of policies.
Axiomatically, the nexus approach should hint at elements of
a framework for egalitarian dialogue between sectors – as all
perspectives and priorities are simultaneously considered. This, it
10

Giovanni Bidoglio, Scientific Support to the EU Strategy for the Danube Region and the Danube Water Nexus project (Vienna, Joint Research Centre, 2014).
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CHAPTER 2

Geography of the Sava River Basin
Being a part of the Danube River Basin, the Sava River Basin covers
considerable parts of Slovenia, Croatia, Bosnia and Herzegovina,
Serbia, Montenegro and a small part of Albania. A large part of the
population of each of the first four riparian countries live within the
basin, ranging from approximately 25 per cent to approximately
75 per cent of the total number of inhabitants (Bosnia and
Herzegovina 75 per cent, Slovenia 61.4 per cent, Croatia 49.75 per
cent, Montenegro 30.5 per cent, Serbia 24.9 per cent).11

The morphology of the terrain of the basin varies. While rugged
mountains (the Alps and the Dinarides) dominate in the upperpart
of the basin, the middle and lower parts of the sub-basin are
characterized by flat plains and low mountains. The areas in the
south (in Croatia, Bosnia and Herzegovina, Montenegro and
Albania) drained by tributaries ending in the middle section of the
Sava watercourse are characterized by mountainous landscape.
Elevation varies between 2,864 m a.s.l. (Triglav, Slovenian Alps)
and about 71 m a.s.l. at the mouth of the Sava.13 The Sava is a fine
example of a river where some of the floodplains are still intact,
supporting the mitigation of floods and biodiversity.

The Sava River emerges in the mountains of western Slovenia and
flows into the Danube in Belgrade (Serbia). It is the third longest
tributary (about 945 km) to the Danube and the largest by long
term average discharge (1,722 m3/s, at its mouth). In Croatia, the
average discharge of the Sava River immediately upstream from the
mouth of the Sutla River is around 290 m3/s; it is 314 m3/s in Zagreb
and around 1,179 m3/s at the point where the Sava exits Croatia.12

The Sava Sub-basin is characterized by diverse geological structures
and a complex tectonic setting under which two main units stand
out that determine the type of aquifers that occur: i) the Pannonian
area with dominant inter-granular aquifers; and ii) the Dinarides
with mostly limestone aquifers.14

FIGURE 2

The Sava River Basin
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ISRBC, Sava River Basin Analysis Report (Zagreb, International Sava River Basin Commission 2009).
UNECE, Assessment of the Transboundary Rivers, Lakes and Groundwaters (New York and Geneva, United Nations Economic Commission for Europe, 2011).
ISRBC, Strategy on Implementation of the Framework Agreement on the Sava River Basin (Zagreb, International Sava River Basin Commission, 2011).
UNECE, Second Assessment of Transboundary Rivers, Lakes and Groundwaters (New York and Geneva, United Nations Economic Commission for Europe, 2011).
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CHAPTER 3

Governance context

3.1 BACKGROUND AND INTRODUCTION
In order to address the ‘institutional silos’ in this assessment, which
are the typical form of natural resources management relevant to
the nexus, and to develop the groundwork for resolving conflicts
among competing uses, it is necessary to develop an understanding
of the needs, opportunities and challenges from a governance
perspective. Governance can be defined as an inclusive system
of institutions and norms that establishes responsibility and
accountability in decision-making, and builds trust and capacity to
cooperate. In a particular context, an analysis of the governancesetting may have to take into account the nature of institutions,
their inclusiveness and flexibility, the underlying norms and
procedures in legislation and policy, the availability of resources,
and capacities of various kinds.
The different uses by and the priorities of the Sava riparian
countries are discussed elsewhere in this report. The purpose of
the governance analysis is to assess the potential for integration
of policies, intersectoral coordination, and integrated river basin
planning in the application of the nexus approach through multistakeholder dialogue. Relevant recommendations are found in
chapter 7 of this report.

The multi-level governance context of the Sava River Basin includes
the global, regional and European levels, the basin level, and
national and sub-national levels. At each level the opportunities
and challenges for action and the capacities of relevant actors,
including authorities, experts, stakeholders and others, influence
how intersectoral issues can be addressed. At the level of
implementation there is great variation among the Sava riparian
countries both in terms of capacities and resources, and in terms
of institutional structures. Variations in the level of decentralization
and in the constitutional make-up of societies also play an
important role.
The extent to which a particular country has mechanisms for
intersectoral coordination as opposed to a continued ‘silo’
approach is an important measure of the country’s preparedness
for integrated decision-making. Intersectoral coordination bodies
may already be established in connection with other processes,
such as sustainable development planning. Institutions and
mechanisms for governance related to the nexus approach should
go beyond mere integrated river basin management governance.
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3.2 NORMS, INSTITUTIONS AND GOVERNANCE ON THE GLOBAL AND/OR REGIONAL LEVEL
At the international global and regional level, the Sava riparian
countries have engaged in various mechanisms aimed at the
implementation of important and relevant global standards
beginning with the concept of sustainable development as set forth
in declarations and action plans adopted at global conferences
in Rio (1992), Johannesburg (2002) and again in Rio (2012). The
riparian countries have adopted national strategies on sustainable
development that often establish platforms for the consideration
of environmental and social impacts of development plans, often
leading to the adoption of national legislation on environmental
impact assessment (EIA) and strategic environmental assessment
(SEA). Other relevant regional regimes include the Espoo
Convention on Transboundary EIA (all Sava riparian states are
parties) and the SEA Protocol (all Sava riparian states are parties,
except Bosnia and Herzegovina which is a signatory). In addition,
Sava riparian countries are members to regional cooperation
mechanisms related to river basins, such as the UNECE Water
Convention (all riparian states are parties), its Protocol on Water
and Health (Bosnia and Herzegovina, Croatia and Serbia are parties,
Slovenia is a signatory), and the Convention on Co-operation for
the Protection and Sustainable Use of the Danube River15 (Danube
River Protection Convention). Under these instruments, the
riparian countries have accepted a set of common standards and
governance rules in areas related to international cooperation and
river basin management. In the case of some regional instruments,
States Parties are also obliged to submit periodic reports to the
relevant convention and protocol bodies on their implementation.
Under the Protocol on Water and Health, for example, relevant
standards include equitable access, sustainability, water-related
disease, fixing vulnerable resources, water safety planning,
improvement of water quality and small-scale systems, and
information and involvement of the public. The Protocol obliges
countries to set and periodically revise targets, set priorities,

15

coordinate intersectorally, and to proactively inform stakeholders.
While many of the provisions of the Protocol overlap with relevant
EU rules (outlined below), the Protocol also applies to enclosed
bathing waters (e.g. pools and spa waters) and certain water-borne
diseases that are absent from EU legislation, as well as equitable
access.

Convention on Co-operation for the Protection and Sustainable Use of the River Danube, signed in 1994 in Sofia, established the International Commission for the Protection of the Danube River (ICPDR).
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3.3 NORMS, INSTITUTIONS AND GOVERNANCE ON THE EU AND BASIN LEVEL
All Sava riparian countries have also taken steps towards accession
to the European Union, with Slovenia and Croatia already member
States. Consequently, all Sava riparian countries have made
commitments towards the adoption of the relevant elements
of the environmental acquis communautaire and other relevant
rules found in European Union law. For Slovenia and Croatia, EU
membership means that compliance with the acquis is a matter
of treaty obligation and is enforced by the European Commission
as the guarantor of the Treaties. For non-member States,
commitments are a part of the closure of particular chapters in the
accession process and are subject to progress monitoring without
specific sanctions other than a delay in accession. The possibility
of derogations for States upon accession should also be taken into
account. For example, the deadline for implementation of Directive
91/271/EC (organic pollution) is 2017 for Slovenia and 2023 for
Croatia.

3.3.1. European Union
Among the relevant EU rules are the following:
The EU water directives: The Water Framework Directive (WFD)
has provisions with respect to inter alia river basin management
approaches (including transboundary river basin districts, river
basin management planning), drinking water (quality standards,
point of compliance, monitoring requirements, remedial actions,
use restrictions), pricing for water usage (full environmental
cost recovery principle), wastewater treatment (emission limits),
extraction permitting policy, groundwater, public information and
consultation, and stakeholder engagement. The EU Floods Directive
foresees close coordination with the WFD, even developing
combined management plans, where possible. Implementation
of the EU Floods Directive improves preparedness by requiring EU

member States to prepare plans for flood risk management at the
basin level (by 2015).
Energy: EU strategies in the energy sector are driven by global
energy security considerations as well as constrained by climate
change mitigation targets. Although the legal basis for a common
EU energy strategy is well established, progress has been slow. In
2009, new directives were issued for common markets in electricity
and natural gas, which encourage the development of renewable
energy. The EU also has established several programmes aimed at
specific outcomes, such as achieving climate change related goals.
Specific legislation is aimed at environmental performance of
buildings and other matters.
Food security, agriculture, forestry: The EU acquis includes
control measures related to food safety. The EU’s Common
Agricultural Policy (CAP) includes interventions in certain
agricultural product markets in order to maintain price levels and
production. It has evolved over the years, in particular to respond
to World Trade Organization (WTO) decisions related to specific
subsidies such as sugar beets. A potentially important aspect of
EU policy in this field is the Rural Development Policy aimed at
stimulating economic, social and environmentally sustainable
development in the countryside. A part of this policy is aimed at
forestry and combating climate change.
Pre-accession and structural funds: The different status of the
states vis-à-vis the European Union provides specific opportunities
and challenges. For example, as member States, Slovenia and
Croatia have access to structural funding for infrastructure
development. The pre-accession States have access to European
funding through pre-accession instruments, but at different levels
and with different priorities. The latter also have access to other
bilateral funding and international assistance mechanisms through
UN agencies and other international organizations.

3.3.2 Basin level
The legal and institutional framework for cooperation at the Sava
River Basin level is established by the Framework Agreement on
the Sava River Basin (FASRB) under which the ISRBC operates as
its implementing body. The FASRB provides a context for further
development of the framework regime through the adoption of
protocols. The ISRBC is a forum representing the diverse interests
of the riparian countries, for example, in recreation and tourism,
industry, agriculture and navigation, as well as coordinating the
activities of countries in these issues and the resolution of issues
of common concern. It is also a platform for regional, basin-wide
progress on mostly navigation and water management, but also
on other matters including those related to EU legislation, as
previously mentioned.
Cooperation on the level of the Danube River Basin is relevant to the
Sava River Basin, the second largest sub-basin of the Danube. The
EU Strategy for the Danube Region16 has important implications
for the Sava River Basin as a model for cooperation among riparian
countries in terms of strategic planning and priority-setting. The
ISRBC has played a role in the implementation of the EU Danube
Strategy with eleven of its priority projects recognized within
the strategy’s implementation process, including a project on
establishing a geographical information system (GIS) for the Sava
River Basin supported by the European Commission. Another
example is ISRBC participation in the work of the Steering Group
for Priority Area 1A of the EU Strategy for the Danube Region. This
Steering Group aims to support the development of navigation and
promote transport on the Sava River as a part of the European Core
Transport Network. The ISRBC is also an observer in the Steering
16

More information available from: http://www.danube-region.eu
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Group for Priority Area 4 of the Danube Strategy, which aims to
restore and maintain the quality of waters.
Regional cooperation on the Danube is governed in part by
two important conventions: i) the Danube River Protection
Convention17, under which the ICPDR was established; and ii) the
Convention Regarding the Regime of Navigation on the Danube
(Belgrade Convention), under which the Danube Commission
was established. The FASRB bears a relationship to the UNECE
Water Convention as a multilateral agreement, contributing to
the implementation of the Water Convention, and also deals with
other issues such as navigation. It therefore bears a relationship to
both the Danube River Protection Convention and the Belgrade
Convention. Cooperation between the ISRBC and the two Danube
Commissions (the ICPDR and the Danube Commission) is formally
based on a memorandum of understanding (MoU) signed with
both commissions separately that provides opportunities for close
cooperation and the coordination of activities. By way of mutual
participation at sessions, expert group meetings and other events
of the commissions, coordination of the activities is enhanced.18
One example of this cooperation is the process of implementation
of the Joint Statement on Guiding Principles for the Development
of Inland Navigation and Environmental Protection in the
Danube River Basin coordinated jointly by the ICPDR, the
Danube Commission and the ISRBC together with the European
Commission (Box 1). The 5th meeting on the implementation of
the Joint Statement was held on 4–5 February 2014 in Zagreb,
followed by the 6th meeting in 2015 in Vienna and the 7th meeting
in 2016 in Budapest. Involvement of the ICPDR and the Danube
Commission in the work of the ISRBC’s Committee for the
monitoring and coordination of the Sava navigation project is an
additional component of ISRBC cooperation with the two Danube
Commissions.
17
18

The ISRBC participates actively in projects and initiatives across
the Danube River Basin and some examples are described in the
sections below.
The Background Paper No. 5 Significant Water Management
Issues to the Draft Sava River Basin Management Plan provides
an example of how the ISRBC facilitates a joint and comparable
approach among the riparian countries by providing a framework
for the establishment of joint objectives that can be implemented
by States in different stages of development:
“In order to ensure a complementary approach at the
basin-wide level, which is of use for national planning and
implementation, visions and specific management objectives
have been defined for all [Significant Water Management
Issues] and groundwater bodies. These provide guidance for
Sava countries with regard to attaining agreed goals of basinwide importance and also assist with the achievement of the
overall WFD environmental objectives. The visions are based
on common values and describe the principle objectives for
the Sava River Basin. The respective management objectives
describe the first steps towards the environmental objectives
in the Sava River Basin in an explicit way … Given the
specific situation in non-EU countries, measures to achieve
agreed management objectives will be implemented within
a timeframe which is realistic and acceptable for all non-EU
countries. In the EU member States (Slovenia and Croatia),
these measures are to be implemented according to the
commitments and deadlines set down in the accession treaties
with the EU.”
Another example of a positive development in this regard is the
adoption of the ‘Policy on the Exchange of Hydrological and
Meteorological Data and Information in the Sava River Basin’ at

More information available from: https://www.icpdr.org/main/icpdr/danube-river-protection-convention
Report to the 5th Meeting of the Parties to the FASRB (2 December 2014; Zagreb, Croatia). Available at: http://www.savacommission.org/event_detail/1/19/323
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the 5th Meeting of the Parties (MoP) of the FASRB19, which resulted
in a commitment by Sava riparian countries to make “efforts for
further development of the platform for the exchange and use
of the hydrological and meteorological data and information in
the Sava River Basin, and ensuring all preconditions for successful
finalization of the first phase of implementation of the geographic
information system for the Sava River Basin in accordance with
the Sava GIS Strategy” (Final Declaration of the 5th MoP). Relevant
in this context is also the Protocol on Flood Protection (2010) to
the FASRB, which aims to prevent or limit flood hazard, to reduce
flood risk and reduce or mitigate the detrimental consequences of
floods covering both natural phenomena and discharges from flow
regulation.
The World Bank project ‘Water and Climate Adaptation Plan for
the Sava River Basin’ (WATCAP) concluded with a final workshop
on WATCAP held on 11 November 2014 in Zagreb that was jointly
organized by the World Bank and ISRBC. Following the climate and
hydrological modelling of the basin, five guidance notes for climate
change adaptation of the various water sub-sectors (navigation,
hydropower, agriculture, flood protection, as well as an economic
evaluation of climate change impacts), were prepared under the
project. The workshop served to conclude the consultation process
on the draft outcomes initiated on the ISRBC website in 2014.
Comments and suggestions provided by 40 participants from
the water, environment, waterway transport, hydropower and
economy sectors of the five countries completed the input used in
the finalization of the WATCAP project in January 2015.20
However, there are several areas where basin-level coordination is
still in the early stages. For example, it appears at present that there
is little liaison between the ISRBC and the energy and agriculture
sectors, and there is consequently an opportunity to develop
coordination and representation of the relevant sectors in the
ISRBC’s work through different public participation tools foreseen
in the public participation plan of the ISRBC.
In the energy field, the EU level is particularly important as the EU is
in the process of developing a comprehensive climate change and
energy strategy that will have repercussions throughout the larger
region. Recent developments, including disagreements between
the EU and Russia over the conflict in Ukraine combined with
European reliance on Russian energy supplies, have increased the
urgency of energy policy reform. Current European Commission
President, Jean-Claude Juncker, has made the creation of a European
Energy Union one of the priorities of the Commission. However, the
idea has not met with universal approval among EU member States.
In late 2014, the European Council adopted the 2030 Framework
for Climate and Energy that includes reducing greenhouse gas

emissions by at least 40% from 1990 levels, increasing the share
of renewable energy to at least 27%, increasing energy efficiency
by the same amount and, most importantly perhaps for the Sava
River Basin countries, proposing a new governance framework
based on national plans for competitive, secure and sustainable
energy, including a set of indicators. However, the notion that
Brussels would need to approve member States’ energy deals has
not been well received in some quarters. Developments in this area
are rapidly unfolding and could have serious implications for nexus
issues in the Sava River Basin in the future.
Another important regional agreement in relation to energy is the
Energy Community Treaty whose goal is the “import of EU energy
policy into non-EU countries.”21 The treaty entered into force on
1 July 2006 and has an initial duration of ten years, subject to
extension. It provides for the creation of an integrated energy
market (electricity and gas) within the European Union and among
the contracting parties. All the Sava River Basin countries belong to
the Energy Community either as a EU member State or as a party
to the treaty.
A number of projects are aimed at bilateral or basin-wide
cooperation in specific areas. One such project in Croatia and
Slovenia involves a scientific baseline study in the two countries
of the bio-contamination of the Sava River Basin as a step towards
developing a common monitoring strategy for invasive species.22
Another example of cooperation, again between Croatia and
Slovenia, is the joint management of reservoirs where the
multipurpose nature of infrastructure allows for the distribution of
benefits between the two countries.

19
20
21
22

More information available from: http://www.savacommission.org/event_detail/1/19/323
David Heywood, Water and Climate Adaptation Plan (WATCAP) for the Sava River Basin (COWI, 2013).
Information available from: https://www.energy-community.org/portal/page/portal/ENC_HOME/ENERGY_COMMUNITY
UNECE, Second Environmental Performance Review of Croatia (New York and Geneva, United Nations Economic Commission for Europe, 2014).
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3.4 NORMS, INSTITUTIONS AND GOVERNANCE ON THE NATIONAL AND SUB-NATIONAL LEVEL
(INTERSECTORAL)
The importance of coherence and integration between sectoral
policies as well as other policies (e.g. climate change mitigation and
adaptation) at an international, EU and national level is increasingly
recognized, but a nexus approach is not reflected directly in
national or sub-national policies.
EU and basin-level processes can stimulate intersectoral integrated
decision-making on the national and regional level through the
application of tools and mechanisms developed for this purpose.
While not employing a full nexus approach, such tools and
mechanisms can nevertheless help to resolve conflicts between
two or more competing uses. Examples relevant to the Sava River
Basin are presented below in two contexts: sustainable hydropower
and navigation/environment.

Efforts have been made in the last few years to reconcile navigation
and environmental protection. The rehabilitation and development of
navigation on the Sava River is a high priority pursuant to Article 10(4)
of the FASRB, and in 2011 the Parties established a committee for the
project devoted to this purpose. For the EU-funded project ‘Convention
for waste management for inland navigation on the Danube (WANDA)’
which had the aim to develop a new legal and financial framework for
ship waste management, the ISRBC was an observer and a member of
the International Advisory Board of the project. Committee members
include representatives of the competent ministries of the Parties from
the sectors of water management, nature conservation/environmental
protection and navigation, as well as representatives of international
organizations (ICPDR, Danube Commission) and other stakeholders.23

BOX 1.
ICPDR Guiding Principles on Sustainable Hydropower
Development in the Danube Basin
Under the ICPDR, these Guiding Principles have been adopted to create a
common vision and understanding on the requirements, the policy framework,
and issues to be addressed to ensure the sustainable use of hydropower in
the Danube Basin. The Principles are intended to support a coherent and
coordinated implementation of relevant legislation, in particular for the EU
Renewable Energy Directive, the EU Water Framework Directive, and other
relevant environmental and water management legislation.
The Guiding Principles have a broader focus than just hydropower production
and the conservation of the environment. In the first place, the relevant
environment includes not just aquatic ecosystems but also directly dependent
terrestrial ecosystems and landscapes. Moreover, the Principles consider the
other following aspects:
• flood protection and water uses (e.g. water supply, irrigation, navigation,
recreation, etc.) for people and communities;
• other national or regional objectives and constraints (social, legal, economic,
financial, human health);
• general environmental aspects including changes in freshwater ecosystems
on surrounding ecosystems (e.g. forests), and objectives regarding climate
protection or adaptation to climate change (e.g. ecosystem services);
• socioeconomic aspects such as the allocation of revenues, decentralized
approaches, employment, paradigm of society (sufficiency instead of
efficiency) and economic growth; and
• regional development.
The Guiding Principles have the following goals:
• For new hydropower development, the application of a strategic planning
approach is crucial for integrating water, environment, energy and other
key policy objectives. – Application of the Guiding Principles provides
opportunities to involve stakeholders in priority-setting and planning
processes.
• Not least, good strategic planning can help streamline the authorization
process on proposed new hydropower developments, and improve
transparency and predictability for hydropower developers.
The Annex to the Guiding Principles Hydropower Case Studies and Good Practice
Examples includes an example of the Blanca hydropower plant on the Sava River
in Slovenia. During the construction of this power plant, measures were taken
to construct mechanisms to aid fish migration to upstream habitats. Following
construction, an assessment showed that 32 fish species out of 40, characteristic
for that part of the Sava River, had successfully migrated.
Source: ICPDR, 2013

23

In addition to national participation in the various regional and
basin-wide initiatives, as mentioned above, the Sava riparian
countries also typically have specific institutions dedicated to EU
integration. For example, Croatia has a Ministry of Foreign and
European Affairs, while the Serbian government includes a Council
on European Integration as an advisory body to the government,
chaired by the Prime Minister.
States may also establish horizontal multi-stakeholder coordination
bodies, but these may vary in their effectiveness. For example,
according to the 2014 Environmental Performance Review, Croatia
“has created several permanent advisory bodies comprising
high-level representatives for the purpose of horizontal multistakeholder coordination. However, their activity has been weak
or non-existent.” However, a new advisory body – the Sustainable
Development and Environmental Protection Council – has recently
been formed to “provide opinions on proposals for documents
to be adopted by the Government and Parliament in terms of

More information available from: http://www.danube-navigation.eu/uploads/files/fleet-modernisation/4-PA1A003_WANDA.pdf
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harmonization … in resolving issues related to environmental
protection, economic development, climate change, etc” (UNECE,
2014). This new body should be closely monitored to see if it could
serve as a model for other riparian states as well as for the ISRBC.

National Environmental Information Systems signed by its Ministry
of Foreign Trade and Economic Relations, the Inter-entity Steering
Committee for the Environment, the Inter-entity Commission for
Water, and the relevant entity institutions.

While most Sava riparian countries have national level institutions
and strategies, Bosnia and Herzegovina’s constitutional framework
comprises special considerations. Fewer strategies have been
developed on the national level and those that have faced
particular problems of implementation through the entity level (or
in some cases cantonal) governments. As 40 per cent of the Sava
River Basin is within the territory of Bosnia and Herzegovina this is
a significant factor to take into account for any basin-wide planning
or implementation. For example, where the capacities of public
authorities need to be built up, special additional efforts may be
required to address the complexity of governance in Bosnia and
Herzegovina.

3.4.1 Relevant national strategies and action
plans, e.g. sustainable development (nonsectoral)

Monitoring capacities vary widely throughout the basin. There
is no basin-level monitoring system, but national monitoring
systems are gradually becoming better integrated. ISRBC gathers
some information, including hydrological (water levels and so on)
from the State Parties through to the FASRB, which is available in
the Hydrological Yearbooks for example. The above-mentioned
policy on hydrological and meteorological data (see previous
section) illustrates how the basin-level framework for cooperation
can also drive national level developments. However, the region
is still characterized by highly specialized bodies that possess
specific information relevant to their responsibilities with few
mechanisms for sharing and accessing information, particularly
by the public, and for comparing information. Some monitoring
capacities have improved (e.g. water quality monitoring in the
framework of the ICPDR), while others remain basic, for example,
biodiversity monitoring in Croatia (UNECE, 2014). In Bosnia and
Herzegovina, monitoring takes place at the entity level, and “there
has been little progress in developing a comprehensive monitoring
system, an integrated spatial information system or a national
environmental information system including a central database”.24
An important step forward however was the signing of a MoU on

Croatia is typical of the region in terms of adoption of various
strategic documents on environmental aspects relevant to the
nexus issues, including the Environmental Protection Strategy,
the Environmental Action Plan, the Strategy and Action Plan for
the Protection of Biological and Landscape Diversity, the Waste
Management Strategy, and the Waste Management Plan (2007–15),
among others (UNECE, 2014). States typically also issue periodic
‘state of the environment’ reports. For example, Serbia’s report on
the state of the environment is “an important tool for planning
and policy and serves as an indicator for the required inclusion
of environmental protection principles. It also supports the
development of other sectoral policies such as those for industry,
agriculture, energy and others” (RENA, 2012a).
The application of the subsidiarity principle has accelerated
the trend towards shifting responsibility for the financing of
environmental and other infrastructure towards decentralized
local government, particularly with regard to wastewater collection
and treatment infrastructure. However, while public needs may
be better identified at the local level, greater decentralization has
resulted in the fragmentation of efforts and insufficient capacity
and resources at the local level. Slovenia, as the longest EU member
State in the region, may serve as an example of the phenomenon:
“Municipal fragmentation and insufficient oversight at the national
level have impeded the balancing, in spatial planning, of the
development needs of local communities and the protection and
rational use of natural resources. This has contributed to growing
urban sprawl, fragmentation of habitats, and longer commuting
using private cars in the absence of public transport alternatives.
Neighbouring local authorities seldom coordinate their land use
plans, and they sometimes compete for industrial and commercial
development projects”.25 Several riparian countries also have
environmental funds, including Serbia that has a fund established
under the Law on Environmental Protection, while Bosnia and
Herzegovina had entity funds authorized in 2002 and 2003 that
finally became operational in 2010 (RENA, 2012a).

3.4.2 National policies and laws related to
integrated decision-making
In general, EIA and SEA – particularly in a transboundary context
– could become effective tools in assessing the impact of energy,
water management and agricultural projects on ecosystems,
as well as in synchronizing competing objectives and ensuring
proper public participation. While laws on EIA and SEA have been
introduced at the framework level throughout the region, in some
riparian countries implementation is not complete and practice
is not well developed. The tools could support, for example, the
consideration of different options, i.e. in the case of hydropower
development projects, particularly as they are concentrated in the
most prospective areas and outside zones with a high conservation
value. The successful development of multisector flow regulation
projects require sufficiently early consideration of different users’
needs so that they can be taken into account in terms of design and
budgets. Only 70 EIAs had been conducted in Republika Srpska
by 2010 for example, which were mostly related to extractive
industries and energy production (RENA, 2012a).

24
25

RENA, Working Group 4, Activity 4.2 Country External Assessment Reports Serbia (Regional Environmental Network for Accession, 2012).
OECD, Environmental Performance Reviews: Slovenia (Paris, OECD Publishing, 2012).
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3.4.3 Institutions
Institutional frameworks vary from country to country with water
management falling under the mandate of different ministries at
the national level, though usually at the environment ministry.
In fact some countries have strong environment ministries and
thus concentrate powers involving water in one ministry, such
as the Ministry of Environment and Nature Protection in Croatia,
and the Ministry of Environment and Tourism in Bosnia and
Herzegovina. However, environmental competences could also be
under one ministerial roof with other sectors, such as agriculture
in Serbia, or even more complex such as in Montenegro where
competences in water are divided among six ministries with the
Ministry of Agriculture and Rural Development as the leading
ministry.26 Such arrangements could enhance cooperation and a
systematic approach across sectors, such as agriculture and water
management, though in practice one sector could take precedence
over the other in real life policymaking. The other threat comes
from the volatility of ministerial configuration and their constant
restructuring (such as environmental competences in Serbia).
Typically, local governments play a key role in managing the
water supply, wastewater collection and treatment, and sewerage
services, whereas water management companies perform the
operational activities associated with water management.
In Serbia, the public water management companies ‘Srbijavode’,
‘Beogradvode’ and ‘Vode Vojvodine’ manage waters within specific
territorial boundaries. The in situ tasks related to water management
are performed by water management companies, whereas the
activities related to municipal water supply and sewerage are
performed by a considerable number of public utility enterprises
(RENA, 2012a). In Croatia, the legal entity for water management
is Croatian Waters, a not-for-profit extrabudgetary government
agency responsible for managing water, the public water estate,
and the protective and hydro-ameliorative water structures, which
26
27

is defined in the UNECE review of Croatia as follows, “A special water
management role is allotted to the National Water Council, a body
established pursuant to the Water Act, with members appointed
by the Croatian Parliament. Its duties include systematic analysis
of water management issues, coordination of different needs and
interests, and proposing measures for developing and improving
the water system” (UNECE, 2014). In Bosnia and Herzegovina, the
constitutional complexity presents specific challenges. In the
2011 RENA report on Bosnia and Herzegovina, it was noted that,
“institutional arrangements are not in place at the Federation of
Bosnia and Herzegovina level for urban wastewater treatment.
Federation of Bosnia and Herzegovina projected that competent
authorities would be identified by 2011. There is no system in place
yet for regulation and control of the quality of discharges from
industrial plants into collection systems. Full implementation of the
Directive is not foreseen until 2018. In Republika Srpska the date
for full implementation of the water related directives is foreseen
to be 2021, except for the Urban Waste Water Directive, where full
implementation is anticipated for 2033” (RENA, 2012a).
At national level all Sava riparian countries have ministries of
agriculture set up on their own or in combination with other policy
domains. These ministries provide policy and institutional direction
for farmers and other actors in the agriculture sector, and at the
same time they cooperate with environmental authorities. Local
farmers are also important self-regulating actors who have to apply
good agricultural practices on a voluntary basis.
“Changes to farming practices will take time to deliver
environmental benefits, so action on improving agricultural
management via regulatory, voluntary and incentive schemes
must begin now in order to meet WFD objectives. The WFD will
have implications for farming practices and land management as
well as water management. Farmers will need to manage their land
carefully to meet the WFD requirements”.27

UNECE, Third Environmental Performance Review of Montenegro (New York and Geneva, United Nations Economic Commission for Europe, 2015).
ISRBC, Transboundary Ecotourism – Guidelines for the Sava River Basin. One River, Four Countries, Unlimited Possibilities (Zagreb, International Sava River Basin Commission, 2013).
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FIGURE 3
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Overview of institutions relevant to managing the components of the nexus at the various levels as discussed in this report,
reflecting the situation at the time of the summary assessment’s publication (November 2015).
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National inspection authorities play an important role in
enforcing and ensuring compliance with the relevant regimes.
While the capacities of inspectorates have increased in recent
years, understaffing is still a problem. Moreover, there has been a
movement in some countries towards establishing independent
inspectorates that have broad, horizontal authority over many
issues and matters. Bosnia and Herzegovina is one country that
has taken this approach and, while ensuring the independence
of the inspectorate is important, attention should be paid to the
specialization of inspectors. At present only the special regime of
water inspection has a specialized inspectorate (RENA, 2012a).
Over time the Sava riparian national governments have become
more responsive to the technical findings on the basin level
undertaken under the auspices of the ISRBC, and this trend is
expected to continue. This development is demonstrated by the
evolution of the cooperation mechanism of the ISRBC, which
is composed of two representatives of each State Party to the
FASRB and has a Meeting of the Parties as the highest decisionmaking body. There are a number of subsidiary bodies under the
ISRBC covering the key issues in the Sava River Basin composed of
delegated experts from each State Party. There are currently four
permanent expert groups (PEGs) on: i) river basin management;
ii) accident prevention and control; iii) flood prevention; and
iv) navigation, as well as five ad hoc expert groups dealing with
specific issues and tasks on legal issues, financial issues, hydrometeorological issues, geographical information systems (GIS), and
river information services (RIS) (ISRBC, 2011).
International organizations and experts have brought attention
to the systemic problems that occur as a result of the inability to
coordinate on issues between the various levels of authorities. For
example, in Slovenia, the 2012 Environmental Performance Review
(EPR) noted the difficulties in governance encountered due to
the lack of a regional level authority. The EPR authors stated, “The

28

OECD, Environmental Performance Reviews: Slovenia (Paris, OECD Publishing, 2012).

extent of municipalities’ autonomy and the absence of a regional
administrative level have led to an important environmental
governance gap between the national and local levels. While efforts
are under way to develop common strategies to tackle priority
issues such as local air pollution and waste management, national
environmental authorities are often unaware of the environmental
performance of the ever-growing number of municipalities”
(UNECE, 2014). They further stated that, “the adoption of the
Balanced Regional Development Act in 2000 encouraged good cooperation among Regional Development Agencies (RDAs), councils
of regions and associations of municipalities and towns. Greater cooperation among municipalities, and their co-operation with the
Ministry of Environment and Spatial Planning (MESP), is needed
to strengthen the effectiveness and efficiency of environmental
services and spatial planning policies”.28
This brings attention to the fact that local and national
authorities sometimes have different priorities (e.g. local tourism
vs. national energy strategy; or local agricultural interests vs.
national biodiversity strategy). This is nowhere more apparent
than in Bosnia and Herzegovina where good cooperation across
entity lines in the field of monitoring may be contrasted with
a lack of inter-entity cooperation on permitting. “Authorities
in both entities have complained about a lack of inter-entity
cooperation on permitting… A lack of cooperation in permitting
has been described in the case of large hydropower facilities, in
which Republika Srpska unilaterally changed permit conditions
regarding the return of flow to the main channel that had been
agreed with the Federation of Bosnia and Herzegovina. This
resulted in a situation where minimum flow was not guaranteed
to the downstream Federation of Bosnia and Herzegovina users.
Permits related to large agricultural investments in Popovo Polje
have resulted in increased flooding, according to the Federation of
Bosnia and Herzegovina water authorities” (RENA, 2012a).

19 | CHAPTER 3: GOVERNANCE CONTEXT

3.5 GOVERNANCE ASPECTS OF CROSS-SECTORAL INTEGRATION ON REGIONAL/
INTERNATIONAL LEVEL
Various factors contribute to the sharing of governance across
sectors and across borders in the Sava River Basin, which can be
referred to as multisectoral governance factors. The integration
of decision-making in the consideration of issues that may in
the past have belonged to a single sector has improved both
the understanding and means of communication, while shifts
in institutional design and procedures have all contributed to a
more inclusive, complex and sophisticated governance context.
Nevertheless, obstacles to multisectoral governance remain.
This section uses examples from multiple sectors in the region to
highlight some of the progress made as well as the outstanding
challenges that remain in this area. Among the factors examined
are the effect of European integration, strategic planning and
assessment, public participation and integrated permitting.

3.5.1 EU integration
As part of the EU context, governance is closely related to the
application of the subsidiarity principle. In the context of water
management, this principle can apply to the responsibility of
decentralized local government, particularly with regard to the
infrastructure of wastewater collection and treatment. The local
level of governance (as addressed by national policies and by
local decision-making and rules) is important in order to provide
a balanced approach to the protection and rational use of water
and other natural resources of the Sava River Basin by reducing
the negative externalities arising from human settlements such
as in urban wastewaters, household and municipal waste, and
urban sprawl. As the Sava River Basin Management Plan states,
“Insufficient wastewater collection and treatment on [the]
municipal level, inappropriate waste disposal sites and urban land
use” are among the main causes of groundwater pollution in the
Sava River Basin.
On the other hand, subsidiarity recognizes the appropriateness of
decision-making at different levels depending on the level of the
problem. The problems of water availability and water demand
(identifying areas and sectors with water scarcity) present possible
conflicts within and beyond national borders, and their resolution
requires policy decisions with a degree of national coordination
and international cooperation.
The EU acquis communautaire in the field of water management
has profound importance in furthering sustainable water use and
pollution reduction and control. The Water Framework Directive

(WFD) sets forth the main principles of water management policy
in the European Union. It introduces the river basin management
approach and requires authorities to achieve good status for all
waters. Article 6 of the WFD requires the establishment of a register
of protected areas, including the details of related water bodies. An
area of potential conflict is drinking water quality with concerns
related to human settlements, competing agricultural uses, and
ecosystem services for water purification. The potential disputes
over access to clean (drinking) water can be prevented or mitigated
at the basin (regional) level through dialogue and coordination.
The Sava River Basin countries have made a joint commitment to
strive towards a good status of waters; the main objective under
the WFD. The Final Declaration of the 5th MoP of the FASRB states,
“…to contribute to meeting the common goal – achieving a good
water status, while being aware of the existing differences between
the Parties – EU member states and non-EU member states, in
terms of their legal obligations and financial resources”.
Another cornerstone of EU water policy is the Urban Waste Water
Treatment (UWWT) Directive (91/271/EEC) regulating the collection
and treatment of wastewater in all agglomerations (e.g. it requires
secondary treatment of all discharges from agglomerations of >
2,000 p.e.29, and more advanced treatment for agglomerations of
>10,000 p.e. in designated sensitive areas and their catchments).
Slovenia and Croatia – the EU member States in the Sava River
Basin – are implementing the requirements of the UWWT Directive
according to the commitments and deadlines set down in their
respective accession treaties with the EU (i.e. 2017 for Slovenia and
2023 for Croatia, as defined in the Sava RBMP).

29

The unit p.e. is used to quantify the pollution load under the UWWT Directive. One p.e. corresponds to the organic load that has a five-day biochemical oxygen demand (BOD5) of 60 g of oxygen per day.
Source: Umweltbundesamt, Technical assessment of the implementation of Council Directive concerning Urban Waste Water Treatment (91/271/EEC). (Environment Agency Austria, Vienna, 2015).
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For non-EU riparian Sava countries, progress in the form of basic
measures for harmonization with EU requirements should be
achieved within a realistic timeframe that is acceptable by the
relevant countries given their specific situations, as follows:
Specification of the number of wastewater collection systems
connected to respective wastewater treatment plants (WWTPs)
planned for construction by 2015.
Specification of the number of municipal and industrial WWTPs
planned for construction by 2015, including:
Specification of treatment level (secondary or tertiary treatment).
Specification of emission reduction targets (Sava RBMP).
The approximation of water-related directives has advanced at
different stages in the Sava countries that are not EU member States.
For example, in the RENA report on Bosnia and Herzegovina, “in
Bosnia and Herzegovina in 2011 the Water Framework Directive was
fully approximated in Republika Srpska and 90% approximated in
the Federation of Bosnia and Herzegovina; while the corresponding
figures for the Urban Waste Water Treatment Directive were 41%
and 35% respectively”. In Montenegro, implementation of the EU
WFD was realized to 64 per cent according to the third report on
the results of transposition of the EU legislative framework (2012).
Looking at the agricultural sector for example, the Common
Agricultural Policy (CAP) is the overarching EU policy document
that should be given due consideration. It aims to integrate
environmental concerns, reduce the risks of environmental
degradation and enhance the sustainability of agroecosystems.
At the same time, for all Sava riparian countries (EU and non-EU
member States) the EU acquis communautaire in the water sector
plays an important normative and strategic role with respect to

agriculture. The Nitrates Directive 91/676/EEC concerning the
“protection of waters against pollution caused by nitrates from
agricultural sources” aims to protect water quality across Europe
by promoting the use of good farming practices. Taken from the
EC website, the implementation of the Nitrates Directive requires:

1. Identification of waters that are polluted, or at risk of pollution.
2. Designation of Nitrate Vulnerable Zones (NVZs).
3. Establishment of Codes of Good Agricultural Practice to be
implemented by farmers on a voluntary basis.
4. Establishment of action programmes to be implemented by
farmers within NVZs on a compulsory basis.
5. National monitoring and reporting.
Institutions
EU integration at national level in the Sava riparian countries
across the nexus sectors is handled by a range of institutions
in coordination with state level institutions responsible for
international relations and EU integration. For example, in Serbia a
minister without a portfolio is responsible for European integration,
and in 2011 it adopted a National Environmental Approximation
Strategy that included as a goal the establishment of institutional
arrangements for full and effective approximation.
EU integration authorities potentially play an important role in
encouraging cross-sectoral cooperation and coordination. The
extent to which the institutional set-up for EU integration takes
into account cross-sectoral or multisectoral governance issues,
or whether they have specific powers and responsibilities to
coordinate sectoral authorities with respect to EU integration
priorities, is unclear at present.
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Financial aspects
The MoP to the FASRB considered the financial aspects of water
management at the basin level in its Final Declaration of the 5th
MoP that stated, inter alia, “Although the planned measures are
the responsibility of the Parties, we request the ISRBC to provide all
necessary assistance to the Parties in communication with relevant
international institutions, in order to find out more opportunities
and mechanisms for funding priority projects of the Parties related
to the implementation of the Programme of Measures.”
The EU integration process includes possibilities for financing
activities aimed at reaching integration goals. These possibilities
differ in the form and magnitude of funding depending on
whether the applicants are EU member States, EU candidate
countries (Serbia, Montenegro) or potential candidate countries
(Bosnia and Herzegovina). The EU LIFE (Financial Instrument for
the Environment) programme provides funding for environment,
nature conservation and biodiversity for member States, whereas
the Cohesion Fund supports projects related to environment,
energy efficiency and renewable energy. For non-EU countries, the
Instrument for Pre-Accession Assistance (IPA) has replaced earlier
EU programmes and financial instruments for candidate countries.
Specifically, IPA provides support in areas such as cross-border
cooperation, regional development and environment.
The water-related directives, especially the UWWT Directive, are
expected to place a substantial financial burden on the Sava riparian
countries. In the case of EU member States, the investments may
be backed by EU funds, such as the Cohesion Fund, for the period
2014–2020. An example of a Cohesion Fund project in the region is
the water supply and sewerage system for Slavonski Brod, Croatia.
The objective of the investment is to improve the water system
in the Danube River Basin by improving the security of the water
supply and ensuring a more effective treatment of wastewater. The
project will therefore help protect the environment and ensure
conformity to EU environmental standards (EC, 2014a).
The CAP provides direct payments to farmers and in return farmers
are obliged to carry out agricultural activities in conformity with EU
standards, including food safety, environmental protection, animal
welfare and the maintenance of land in good environmental and
agricultural condition.30 One of the aims under the 2014–2020 Rural
Development Policy is to ensure the sustainable management of
natural resources.
Payment for Ecosystem Services (PES) schemes can provide
financing for the protection and enhancement of water-related
ecosystem services, such as carbon sequestration, landscape beauty
and biodiversity conservation. For PES schemes to be implemented
effectively, it is important to create mechanisms for valuing (or at
least measuring) services that are currently not valued by markets.
For example, a fishpond owner who is operating sustainably might
contribute towards nutrient retention, carbon sequestration and
the protection of rare birds, but without a PES scheme, society
may not reward or recognize the owner’s production of ‘public
goods’. Thus, PES schemes identify how services can be provided in
a cost-effective way, and they determine the type and amount of
compensation to be made to land managers, such as farmers and
aquaculturists, for providing such services (refer to the Sava RBMP).
Governance mechanisms
Attempts at reducing friction and resolving potential conflicts
between uses require taking into account the differences in
governance frameworks for the different sectors or uses. Agricultural
practices, for example, are largely determined through relationships
on a national level among farmers (often self-organized into
cooperatives) and local authorities, with linkages to other interest
30
31

groups such as environmental authorities, consumer groups and
other NGOs. By supporting Good Agricultural Practices, EU funding
schemes related to the CAP give credence to the concerns of other
interest groups based on education, financial incentives and public
pressure for sustainable agricultural practices.

3.5.2 Relevant national strategies and action
plans
Strategic planning is at the heart of water management at the
national and local level, and the respective authorities have been
adopting strategic documents both in the field of environment as
a whole and in the water management sector more specifically.
Strategic planning must take into account international obligations
as well as policy choices that are driven by considerations of
international relations and domestic priorities. Many strategies
and action plans are driven – at least in part – by EU or other
international funding that requires the implementation of certain
standards or obligations. The Sava RBMP makes the following
assumption for 2015 regarding strategies in place in the respective
countries:
“EU member States (Slovenia and Croatia): Implementation
of results of negotiations with the EC by 2015 by realization
of wastewater collection and treatment systems in national
operational programmes for implementation of the UWWTD;
Non-EU member States (Bosnia and Herzegovina, Serbia,
Montenegro): Implementation of national strategies – taking into
consideration reported number of wastewater treatment plants
with secondary or more stringent treatment to be constructed by
2015”.
Examples can be found on the national level. For example, in
Serbia, according to the Law on Environmental Protection (2004),
the planning and management of environment protection is to
be implemented through the National Environmental Protection
Programme adopted by the government (for a period of ten years)
on the 21January 2010 (refer to RENA Serbia31). In 2008, Croatia
adopted a Water Management Strategy, a long-term planning
document setting out the vision, mission, goals and tasks of the
national policy on water management, as well as a number of
indispensable implementing rules and regulations. The main
points of this strategy are the provision of a sufficient quantity of
good quality drinking water for the population, but it also takes
into account economic aspects, the protection of people against
floods, and the protection of the aquatic ecosystem (UNECE, 2014).

EC, CAP Reform – an explanation of the main elements. Memo, Brussels, European Commission Press Release Database, 25 October 2013.
More information available from: http://www.renanetwork.org
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Sava River Basin countries have special or more general water
management strategies addressing the protection of water against
pollution from agriculture. In Croatia “in early 2013, the Ministry
of Agriculture adopted an action programme for the protection
of water against pollution caused by nitrates from agricultural
sources in areas designed as vulnerable zones under the Water
Act. It defines the authorized application of livestock manure on
agricultural land and the periods when applying certain types of
fertilizers is prohibited, restricts the land application of fertilizers
according to soil type and slope, climatic conditions, rainfall and
irrigation, and establishes the conditions for land application near
water courses, land use and agricultural practice” (UNECE, 2014).
In the field of biodiversity protection, national biodiversity
strategies and action plans have been developed following the
requirements of the Convention on Biological Diversity. At the EU
level, the 2020 Biodiversity Strategy, whose purpose is to halt the
loss of biodiversity and the degradation of ecosystems in the EU,
sets priority targets to be implemented and influences national
strategic planning within EU member States as well as candidate
and potential candidate countries.
Legislation and norms
Some examples of legislation from the region related to the EU acquis
have been mentioned. Water-related rules and norms are stipulated
in the legislation and in strategic documents, as mentioned above,
and they are created and implemented at national and subnational level. The national legislation of Sava riparian countries
has achieved substantial progress in terms of harmonization with
EU legislation in this area, either through membership or accession.
However, the local level is of special importance in the creation of
rules and norms, which are grounded in the specificities of the
locality and implemented by the local authorities. Reforming the
current system of extraction and wastewater charges, and making
use of these charges more effectively, should help in the light of
budgetary pressures and reduced EU resources in the long term. In
preparing river management plans, greater emphasis should also
be placed on better integrating policies for the sustainable use of
water in the main water-consuming sectors.32
The principle of cost recovery is important when balancing water
use in many sectors, such as agriculture, industry, energy and
public services (households), in order to achieve cost-efficiency and
even to establish cross-sectoral cooperation among providers and
consumers of water services. In its attempts to apply the ‘polluter

pays’ principle, Slovenian legislation applies an environmental tax
on all water users, aiming for the full recovery of environmental
and resource costs.33
The water and energy sectors are highly regulated. Biodiversity
protection is also generally under state supervision owing to the
need to achieve certain protection goals and, in some cases, to
enforce stringent conservation principles. While water and energy
users are often easy to identify (and therefore licensing mechanisms
can be developed), ecosystem services and biodiversity protection
often have to be influenced indirectly through regulatory
mechanisms, including financial incentives, to augment traditional
enforcement.
Self-regulation of private actors
Governance mechanisms involving the self-regulation of private
actors are especially significant in the agricultural field, given that
“more than 85% of the total agricultural area in the basin is owned
by small farmers. The average size of the arable land of each owner
is around 2 ha, the economic importance of the agricultural sector
is high.”34 The policy at national and basin level should be aimed
at introducing common minimum standards for good sustainable
agricultural practices and agro-environmental measures, as
defined in the CAP and the Nitrate Directives.

3.5.3 National policies and legislation related
to integrated decision-making
All Sava riparian countries are parties to international legal
instruments on environmental assessments (e.g. Espoo
Convention) and on public participation (Aarhus Convention), and
they have taken measures to implement these instruments through
national legislation and policy documents, such as implementation
strategies and plans. For instance, in 2011 Serbia adopted a strategy
for the implementation of the Aarhus Convention. All these pieces
of legislation and strategic documents play a vital role in enhancing
good governance and integrated decision-making.
At the basin level, EIA is relevant in a transboundary context under
the Espoo Convention. Some of the transboundary EIAs carried
out in the Sava region have been related to nexus elements such
as water management and energy. For instance, in 2010–2012
Serbia conducted two transboundary EIAs under the Espoo
Convention: one initiated by Croatia on the Sava River waterway
project involving determination of the control lines from Racinovci
to Sisak; and another initiated by Slovenia on Serbia’s National
Energy Programme (e.g. hydropower plants, nuclear power
station) (UNECE, 2015c). EIA is also relevant in a EU context through
applicable EU legislation (Directive 2011/92/EU as amended by
Directive 2014/52/EU).
The applicability of strategic environmental assessment or SEA of
public plans and programmes is not as uniform throughout the
region. The international legal framework of the SEA Protocol to
the Espoo Convention is applicable to all Sava countries except
Bosnia and Herzegovina. The EU SEA Directive 2001/42/EC has
been transposed into the legislation of EU member States, Slovenia
and Croatia, while the harmonization of legislation is advanced in
Serbia but not beyond an initial stage in Bosnia and Herzegovina.
Montenegro has fully transposed SEA into the Law on Strategic
Impact Assessment. SEA is an instrument with great potential for
resolving conflicting demands on water usage. As such, the EU
has adopted SEA for policy-level assessments with multisectoral
impacts, for example, in order to conduct assessments with
relevance to the Habitats Directive.

OECD, Environmental Performance Reviews: Slovenia (Paris, OECD Publishing, 2012).
EC, Slovenia Report from the Commission to the European Parliament and the Council on the Implementation of the Water Framework Directive (2000/60/EC). River Basin Management Plans (Brussels, European
Commission, 2012).
34
TWRM in SEE, Sava River Basin (Transboundary Water Resources in Southeastern Europe, n.d.). Information available from: http://www.twrm-med.net/southeastern-europe/transboundary-river-basinmanagement/shared-surface-water-bodies/copy_of_map/new-river-basins/sava-river-basin
32

33
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farmers), the Ministry of Agriculture and other relevant institutions
in the agricultural sector to work on agro-environment measures”
(UNECE, 2014).
In some cases, national policies have to be strengthened to
resolve existing water allocation conflicts, regarding energy and
nature conservation for example. In Montenegro, any intended
construction of hydropower plants is likely to bring about
conflict because locations with high energy potential also have
excellent ecological quality, connectivity and hydromorphological
conditions. Proposed hydropower installations to be constructed
in the Tara River were abandoned due to environmental and
other concerns, such as seismic instability. Although hydropower
is considered an appropriate policy instrument to tackle water–
energy–food supply scenarios, Montenegro seems to have rather
limited opportunities in practice (UNECE, 2015b).
Permitting

If we look at the transboundary SEAs conducted in the region most
of them are again related to water management and energy, for
example, the river basin management plan of Croatia (2007–2013),
the national physical plan for the Mokrice hydroelectric power plant
(Slovenia, completed in March 2013), the river basin management
plan of Slovenia 2009–2015 (completed in January 2013), the
National Energy Programme of Slovenia 2010–2030 (completed
in October 2012), and the national physical plan for hydroelectric
power plant Brežice (Slovenia, completed in March 2012) (UNECE,
2014). In 2010–2012, Serbia participated in a transboundary SEA for
the Energy Development Strategy of Montenegro, and conducted
one for Serbia’s new Energy Sector Development Strategy for
2025–2030 (UNECE, 2015c).
Even without transboundary aspects, within an individual
state national policies should be developed through SEA and
other multisectoral assessment processes. National policies on
sustainable farming practices are good candidates for cross-sectoral
cooperation. Croatia provides a good example of cooperation
between its Ministry of Environment and Nature Protection and
the Ministry of Agriculture. The two ministries jointly develop
agro-environment measures, review and revise cross compliance
conditions, and organize training programmes to help farmers
apply for incentives. In addition a “working group has been set up
with the Payment Agency (the agency that provides payments to

Best practices in environmental permitting are promoted through
various mechanisms, including EU legislation, OECD Guidelines
(such as the Guiding Principles of Effective Environmental
Permitting Systems), permitting and enforcement networks,
such as the International Network for Environmental Compliance
and Enforcement (INECE), the European Union Network for the
Implementation and Enforcement of Environmental Law (IMPEL),
and the Environmental Compliance and Enforcement Network for
Accession (ECENA).35 Directive 2010/75/EU on industrial emissions
(integrated pollution prevention and control or IPPC) sets
environmental standards for permitting of industrial activities with
major pollution potential, defined in Annex I to the Directive, such
as energy industries, production and processing of metals, mineral
industry, chemical industry, waste management, and animal
husbandry, with special provisions related to energy production
(such as combustion plants (≥ 50 MW)), waste incineration or coincineration plants, and installations producing titanium dioxide.
Certain installations are regulated under the Seveso Directive36
owing to their potential for major accident hazards. Among the
Sava countries, these directives are transposed into the national
legislation of the EU member States Croatia and Slovenia. The
rest of the riparian countries have also introduced IPPC into their
legislation. According to Serbia’s IPPC Law, new installations must
obtain permits immediately before commencing operations, while
existing installations must obtain permits by 2015 (UNECE, 2015c).
In Bosnia and Herzegovina, IPPC is partly transposed but the
legislation cannot be implemented because of a lack of regulations
(RENA, 2012a). Montenegro is close to full transposition, lacking
only adjustments for existing installations (RENA, 2012a).
Standards for permitting, inspection and enforcement with regards
to facilities covered under the IPPC and Seveso frameworks include
methodologies for coordination with stakeholder agencies.
Refer for example to the OECD Principle 5 (Extensive Stakeholder
Involvement) of the Guiding Principles of Effective Environmental
Permitting Systems: “Depending upon the requirements of national
legislation and institutional arrangements, the permitting authority
need to consult other authorities with related responsibilities
or interests (the environmental inspectorate, water and health
authorities, sectoral ministries, local authorities, etc.)” (OECD, 2007).
In a series of studies conducted in 2011–12 in the pre-accession
countries under the EU’s Regional Environmental Network for
Accession programme, information was gathered on controlled
installations by type and capacities for inspection.37 The relevant
information for Bosnia and Herzegovina, Croatia, Montenegro,
Serbia, and Slovenia is compiled in Table 1.

OECD, Guiding Principles of Effective Environmental Permitting Systems (Paris, OECD Publishing, 2007).
Directive 2012/18/EU of the European Parliament and of the Council of 4 July 2012 on the control of major-accident hazards involving dangerous substances, amending and subsequently repealing Council
Directive 96/82/EC.
37
Ibid
35

36
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TABLE 1

Controlled installations in the Sava River Basin countries.
Country

No. of controlled
installations

IPPC + Seveso Directive

Staff total

Inspectors in field

Inspections
annually

Ratio routine to
non-routine

Bosnia and Herzegovina
(Republika Srpska)

280

45

71 (8 MoSPCEE,
63 local)

4 entity + 19 local

320 entity + 1879
local

No info available

Bosnia and Herzegovina
(Federation)

~1000

81

~35 (16 MET,
15-25 cantons)

2 Fed, 17-18
cantons, ‘few’
municipal

200

70/30

Bosnia and Herzegovina
(Brcko)

10

Montenegro

20-21 (14 air, 6-7
water) (see notes)

12 IPPC, ‘few’ Seveso

91 (16 MSDT, 56
EPA, 9 water)

12 EPA, 1 water
inspector

1398

No info available

Serbia

3470

176 + ~108

110

100

15,324

3:1

Slovenia

760

156 + 55
15 nature
protection, 163 local

5,931

3:2

Croatia

200-270 IPPC + 45 SEVESO

Notes:
Bosnia and Herzegovina (Republika Srpska)

Local self-government unit controlled installations unknown. Staff total does not include inspectors. Inspection figures from database tracking system. Does not
include Water Inspectorate.

Bosnia and Herzegovina (Federation)

Staff total does not include inspectors. Inspector figures do not include Water Inspectorate.

Montenegro

No air permits yet: system of charges. No information on waste. The number of inspections includes even looking at dossier.

Serbia

Data refer only to State Inspectorate (not Autonomous Province of Vojvodina and local self-government units)

Acronyms

MoSPCEE - Ministry of Spatial Planning, Civil Engineering and Ecology; MET - Ministry of Environment and Tourism; MSDT - Ministry of Sustainable Development
and Tourism, EPA - Environmental Protection Agency
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The water permit is still separate from other aspects of integrated
permitting in some countries, such as Bosnia and Herzegovina,
which presents a level of difficulty in coordination. The water sector
also tends towards a larger number of permits for the various
aspects of water use, including the manner, conditions and scope
of water use and wastewater discharge, the storage and release
of hazardous and other substances that might pollute water,
and the conditions for other works influencing the water regime.
Typically, at national level, the body which grants water consent
is the one issuing the water permit for structures and water works,
and is issued for a specific period of time. In Serbia, to protect
water from pollution, the ministry in charge of environment and
waters (the Ministry of Environment, Mining and Spatial Planning
of the Republic of Serbia or MEMSP) issues the integrated permit
for plants and activities that might negatively affect water quality
(within the IPPC permit).
Public participation
The Aarhus Convention and EU legislation both provide an
additional measure of support for coordination and cooperation
across water-related sectors. The Sava River Basin countries have
developed extensive practice in the implementation of provisions
related to access to environmental information and public
participation in environmental decision-making. The definition
of environmental information in the Aarhus Convention is broad
enough to encompass most of the activities relevant to the nexus
assessment.
Aarhus Parties are obliged to promote the application of the Aarhus
Convention in international processes. The activities related to
public participation and stakeholder engagement in the framework
of the FASRB have consequently increased with information on the
implementation of the FASRB communicated to the public via its
website38 and through various publications and press releases.
More importantly, the ISRBC organizes direct consultations and
meetings with stakeholders. Moreover, the Public Participation
Plan for the Sava RBMP, which ended in 2014, presents a good basis
for further activities on strengthening public participation and
stakeholder involvement in the process of FASRB implementation.
A Sava Water Council has recently been established to increase
stakeholder involvement and give greater voice to stakeholders in
the early planning stages.

entity level (with three staff members in the Federation of Bosnia
and Herzegovina and one in Republika Srpska) where programme
decisions, including protected area designations, should be made
(RENA, 2012a).
Cross-sectoral and multisectoral analysis brings attention to
the fact that the participation of a particular NGO or group of
individuals tends to be focused on a narrow range of issues within
the core interests of the participant. It is rare for example that a
member of the public has the capacity or the resources to dedicate
participation in the full range of issues that are pertinent – though
adjunct – to his or her campaign. This is true even where there
is awareness of and familiarity with multisectoral approaches
such as the nexus. It is more a matter of efficiency and the need
to focus limited resources on priority matters than anything else.
Consequently, the involvement of NGOs and the public take on a
different character as the complexity of platforms and analytical
frameworks increases. NGOs that attempt to have a representative
character at such a complex level may witness a rise in challenges
to their legitimacy and representativeness.
An effort thus has to be made to aggregate the outcomes of public
participation at specific decision-making levels in order to take
these into account at more strategic levels. In addition, public
participation has to be maintained and even strengthened in
connection with specific-level decisions that are highly relevant
to the nexus level, such as in connection with climate change
adaptation. Finally, a major focus of resources in this area should
be on developing broad, open, transparent and efficient platforms
for reliable, high-quality data to serve as the foundation for highquality decision-making. The development of such platforms is
another area where public capacities, knowledge and expertise
can be deployed.

Where mechanisms for inter-ministerial or trans-authority
cooperation are not established or implemented, or when they
break down, public authorities themselves can make use of the
rights established under legislation for the implementation of the
Aarhus Convention such as the right to request information or
to participate in decision-making. In some countries around the
world, information laws have actually been used by authorities to
gain access to information held by colleagues in other agencies
within the same government.
Principal gaps: capacities
For some time, international institutions and assistance programmes
have identified the problems of water management in some Sava
riparian countries. Among them are “inadequate institutional
structures, inefficient operations, lack of infrastructure (water and
sewage-treatment plants), outdated water pipelines and sewage
systems, lack of capacity and reduced financial capacity” 39, 40 These
problems, which to a variable degree remain, are particularly
acute in the less developed Sava riparian countries that have not
had access to infrastructure development funding, such as from
the Cohesion Fund within the EU. In Bosnia and Herzegovina
for example, the management capacities of the responsible
authorities in the field of biodiversity are limited, especially at the
38
39
40

More information available from: http://www.savacommission.org
World Bank, Issues and direction. Vol. 1 of Water Resources Management in South Eastern Europe (Washington, D.C., International Bank for Reconstruction and Development, 2003).
Amar Čolakhodžić, Marija Filipović, Jana Kovandžić and Stephen Stec, The Sava River: Transitioning to Peace in the Former Yugoslavia. In Water and Post-Conflict Peacebuilding (Oxford, Routledge, 2014).
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CHAPTER 4

The Sava River Basin and its role in various sectors

In the following section we firstly describe how aspects of the basin’s
resources (land, water, energy and ecosystems) are interwoven
with aspects of each riparian country’s society and economy. In the
second section we describe societal and economic changes, and
their impacts on those resources and their development.

4.1 SECTORS AND RESOURCES
The following paragraphs will attempt to discuss and understand
the role of the basin’s resources for each riparian country, as well as
its impact on the resources of the region as a whole.
An overview of the resource base and significance of the Sava Basin
to the riparian countries is presented in figure 4.
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FIGURE 4

Basin limits

Slovenia

Key indicators describing the resources
and socioeconomics of the Sava riparian countries

Sav

a
Dan

Croatia
Bosnia and
Herzegovina

SAVA RIVER BASIN
River length
945 km

River basin area
97,713 km 2

SLOVENIA

ube

Water use
4,069 million m 3 /year

CROATIA

Serbia
Montenegro
Albania

BOSNIA AND HERZEGOVINA

Kosovo a

SERBIA

MONTENEGRO

TOTAL RENEWABLE FRESHWATER RESOURCES
Sava basin share:
18,600 million m 3 /year

31,870
million m 3 / year
of which,
water withdrawal

942 million m 3
Agriculture 0.2 %
Industry 82.3 %
Municipal 17.6 %

35,500 million m 3 /year
37,300 million m 3 /year

105,500 of which,
water withdrawal

629 million m 3
Agriculture 1.4 %
Industry 13.7 %
Municipal 85 %

37,500
million m 3 / year

8,400

19,700
million m 3 / year

of which,
water withdrawal

162,200 of which,

329 million m 3

4,121 million m 3

161 million m 3

Agriculture 1.9 %
Industry 81.6 %
Municipal 16.6 %

Agriculture 1.1 %
Industry 39 %
Municipal 59.9 %

Agriculture [ no data ]
Industry 14.8 %
Municipal no data

water withdrawal

of which,
water withdrawal

INSTALLED ELECTRICITY GENERATING CAPACITY & HYDROPOWER
3.4 million kW
of which
Hydropower 1.3 million kW *
Hydropower
Fossil fuels
Nuclear
Other renewables

37 %
36 %
21 %
6%

4.2 million kW
of which
Hydropower 2.1 million kW *
Hydropower 51 %
Fossil fuels 45 %
Other renewables 4 %

4.3 million kW

8.8 million kW

of which
Hydropower 2.15 million kW

of which
Hydropower 2.8 million kW *

Hydropower 50 %
Fossil fuels 50 %

Hydropower 32 %
Fossil fuels 63 %
Other renewables 5 %

0.9 million kW
of which
Hydropower 0.7 million kW
Hydropower 76 %
Fossil fuels 24 %
* including pumped storage

AGRICULTURAL LAND
4,900 km 2

13,600 km 2

of which
1% is irrigated

of which
1% is irrigated

21,500 km 2
[ No irrigated land
(or negligible) ]

51,200 km 2
of which

5,200 km 2

0,5 % irrigated

[ No irrigated land
(or negligible) ]

45,500 million USD

4,400 million USD

600,000

GROSS DOMESTIC PRODUCT

48,000 million USD

57,900 million USD

17,800 million USD

POPULATION
2 million

4.3 million

3.8 million

7.2 million

of which
1,220 thousand people
in the Sava basin (61 %)

2,150 thousands
(50 %)

2,850 thousands
(75 %)

1,800 thousands
(25 %)

Sources: FAO Aquastat; US EIA International Energy Statistics; International Sava River Basin Commission; World Bank, 2015.
a United Nations administered territory under Security Council Resolution 1244 (1999).
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4.1.1 Resources - Water
Of the total renewable water supplies to riparian countries, the
Sava River Basin provides Slovenia with 58% (31,870 million m3 /
year), Croatia with 35% (37,300 million m3 /year), Bosnia and
Herzegovina with 95% (35,500 million m3 /year) and Serbia with
2% (8,400 million m3 /year). The Sava River thus supplies water to
key activities in the region. According to the Sava RBMP these are
split between the following uses, in order of consumption: energy
(thermal cooling, 62%), public water supply (19%), agriculture (13%
of which irrigation is 1%) and industry (7%). The contributions to

these sectors differ by country, as shown in table 2. In addition, the
basin itself provides transport, tourism and ecosystem services.
Groundwater reserves are increasingly being used (as irrigated
agriculture expands) and need to be studied further (ISRBC, 2013a).
Factors such as intensive agriculture and a lack of sewerage systems
in settlements affect the quality of groundwater, while the decrease
in availability in certain areas of the basin is related to the lowering
of river beds as a result of river bed regulation, the construction of
hydropower plants and dredging (ISRBC, 2013a: p. 42).

TABLE 2

Sectoral water demand in the Sava River Basin by country in 2005
Public Water supply

Industry

Thermal and nuclear Irrigation
plants

Other Agricultural

Total water demand

(Mm3)

(Mm3)

(Mm3)

(Mm3)

(Mm3)

(Mm3)

SI

86

43

540

7

123

795

HR

113

57

205

3

201

580

BA

330

147

63

6

66

612

RS

233

40

1,722

14

68

2,077

ME

2

1

2

0

0

5

Total SRB

760

288

2,532

30

459

4,069

Share

19%

7%

62%

1%

11%

100%

Country

Source: ISRBC (2013a)

4.1.2 Resources - Energy
The five Sava River Basin countries have a total generating capacity
of nearly 20 GW (a breakdown by country is presented in table 3
of which 43% is hydro and 56% is thermal capacity. The Sava River
Basin plays a dominant role in the energy system of all the countries
in the basin. Some 26% of the national hydro generation capacity
in the riparian countries comes from the Sava River Basin (11% of
total capacity), while 76% of all thermal power plants (42% of total)
derive their cooling water from the Sava. In total, 53% of all power
installations rely on the Sava River Basin. In Montenegro, 53% of
the hydro installations are located in the Sava River Basin, while in
Bosnia and Herzegovina, Montenegro and Slovenia over 85% of
thermal power plants are cooled by water from the Sava River. The
region’s single nuclear power plant in Slovenia is also cooled by the
Sava River.41 From an energy security perspective, the Sava River is
therefore extremely important for the entire region. Should water
levels drop or flood events compromise hydropower generation
or cooling, approximately 53% of the entire region’s electricity
generation will be affected with subsequent higher economic,
social and security costs.
It is important to note that the basin’s hydropower potential
can play a special role in enabling the region to introduce larger
volumes of intermittent, variable power generation such as from
solar and wind energy. Solar power is only available during the
day, while wind power is produced only when the wind is blowing.
However, electricity demand occurs at times that are independent
of its supply. Thus, in order to balance the disparity between supply
and demand, the right storage and scheduling options are needed.
Fortunately, both can be provided by hydro systems (including
pumped storage), which is important for the nexus in the Sava
River Basin as each country has national RES targets, outlined in
table 9.

41

EIA, Country Energy Data (U.S. Energy Information Administration, 2014). Information available from: http://www.eia.gov/countries/
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TABLE 3

Power generation capacity in the Sava River Basin
Total National
Capacity

Sava River Basin
Hydro

Sava River Basin
Thermal

MW

MW

% in Total National
Capacity

% in National Hydro MW
Capacity

% in Total National
Capacity

% in National
Thermal Capacity

SI

3 333

209

6%

18 %

2 106

63 %

99 %

HR

4 119

103

3%

5%

1079

26 %

56 %

BA

4 230

554

13 %

26 %

1756

42 %

85 %

RS

7 150

1 028

14%

41 %

3 129

44 %

68 %

ME

908

360

40 %

53 %

225

25 %

100 %

Total

19 740

2 254

11 %

26 %

8 294

42 %

76 %

Source: BFME, 2014; SMEEP, 2013; NREP, 2009a, 2009b; PLATTS, 2012.

4.1.3 Resources - Land
Figure 5 shows the different classes of land cover in the Sava River
Basin. The Sava receives water from a number of rivers, many of
which are also transboundary. The most important is the Drina
(itself transboundary) whose main tributaries are the Piva, Tara, Lim
and Uvac rivers.
The Sava sub-Basin hosts large lowland forest complexes and the
largest complex of alluvial wetlands in the Danube basin (Posavina
- Central Sava Basin). Most of the region’s agricultural land is located
in the Sava River Basin area, which includes half of Montenegro’s
utilized lands.

FIGURE 5

Land cover

Main land cover classes
Artificial surfaces
Agricultural areas
Forest and semi natural areas
Wetlands
Water bodies

Source: ISRBC, 2013a. Data: Corine Land Cover
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4.1.4 Resources – Ecosystems and
environment
The Sava River Basin is significant due to its outstanding biological
and landscape diversity but also because of its cultural heritage. It
hosts the largest complexes of alluvial riparian hardwood forests, not
only in Europe but in the entire Western Palaearctic. A large portion
of these floodplains is still intact, supporting flood alleviation and
biodiversity (ISRBC, 2013b). Particularly noteworthy is the role of
wetlands as a buffer for water in extreme flood events. According
to the Sava RBMP, the large retention areas in the Sava form a very
effective (and natural) flood control system, which would be very
difficult and costly to replace with artificial infrastructure. Further,
they provide water storage whose usefulness might increase
significantly in case of climate change, as this will limit sub-annual
accessibility to water. Finally, wetlands naturally clean and purify
water, a function that is particularly important when there is a lack
of wastewater treatment facilities, which is the case in many areas
of the Sava River Basin.
Wetlands are cradles of biological diversity, providing water and
primary productivity upon which countless species of plants and
animals depend for survival, and they support high concentrations of
birds, mammals, reptiles, amphibians, fish and invertebrate species.
Wetlands are also important storehouses of plant genetic material,
and they also provide a variety of ecosystem services of vital
importance to people. These functions, values and attributes
can only be maintained if the ecological processes of wetlands
are allowed to function. Unfortunately, and in spite of important
progress made in recent decades, wetlands continue to be among
the most threatened ecosystems due mainly to ongoing drainage,
conversion, pollution and over-exploitation of their resources. At
the same time the basin’s wetlands are areas of outstanding, living,
organically evolved cultural landscapes with exceptional cultural
value. Here an intact rural culture has completely adapted to the
occurrence of flooding, including in the vernacular architecture,
as well as in today’s unique pasturing system with autochthonous
domestic breeds. As a result of the ecological and cultural value
of the wetlands, the Sava riparian countries have designated
seven sites in the Sava River Basin according to the Convention
on Wetlands of International Importance especially as Waterfowl
Habitat (Ramsar Convention). These sites include: Cernica Lake in
Slovenia; Crna Mlaka and Lonjsko Polje (and the most significant
part, Mokro Polje) in Croatia; Bardača in Bosnia and Herzegovina;
and Zasavica, Obedska Bara and Peštersko Polje in Serbia; as well
as a number of areas of ecological importance under national
protection status.42

The water from the Sava River Basin is therefore key to maintaining
important ecosystems, and in turn these ecosystems provide flood
control, potential water storage and recreational sites.

4.1.5 Society - Settlements
The population of the five countries in the region is approximately
18 million, with about half the population living in the Sava River
Basin area that includes a significant percentage of the national
population in each country: Slovenia with 61%, Croatia with
50%, Bosnia and Herzegovina with 75%, Serbia with 25%, and
Montenegro with around one third of its population living in the
basin (ISRBC, 2009b).
One of the key pressures on the Sava River Basin environment is
related to the impact of human settlements on water quality. Table
4 is based on information from the Sava RBMP, which indicates
the incidence of wastewater treatment facilities (up to 2008) for
settlements of over 2,000 people (ISRBC, 2013a).

TABLE 4

Incidence of wastewater treatment facilities in the Sava River Basin
Country

Primary treatment

Secondary treatment

Tertiary treatment

With treatment (total)

No treatment

SI

2

41

9

52

37 (42%)

HR

8

7

0

15

89 (86%)

BA

0

5

0

5

243 (98%)

RS

2

4

0

6

102 (94%)

ME

0

1

0

1

6 (86%)

SRB total > 2,000

12

58

9

79

477 (86%)

SRB total > 10,000

7

19

3

29

87(87%)

Abbreviations: BA=Bosnia and Herzegovina; HR=Croatia; ME=Montenegro; RS=Serbia; SI=Slovenia; SRB=Sava River Basin.
Source: ISRBC (2013a)

42

ISRBC, Sava River Basin Management Plan. Background paper No.8. Protected Areas in the Sava River Basin. (Zagreb, International Sava River Basin Commission, March 2013a).
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In total around 43% of the general pollution load, or around 3
million person equivalents, goes untreated.43 Other users and
polluters include activities related to intensive agriculture.

4.1.6 Economy - Agriculture
The majority of the region’s agriculture is situated within the region
of the Sava River Basin. While agriculture’s share of GDP is relatively
limited, its impact on national employment is highly significant and
therefore essential for establishing stability. Given the historical
volatility, as well as recent economic crises, the management of
agriculture in the region and its inputs – land and water – will be
crucial.

TABLE 5

Employment statistics for agriculture in five Sava River Basin riparian countries
Bosnia and Herzegovina Croatia

Montenegro

Serbia

Slovenia

20.60% (2006)

17.30% (2005)

8.60% (2005)

23.3% (2005)

8.80% a (2005)

20.50% (2012)

13.70% (2012)

5.7% (2012)

21.0% (2012)

8.3% (2012)

Employment rate in the
Sava River Basinb

23.50%

35.29%

22.05%

20.39%

54.37 %

% employment in
agriculture in the basinc,d

15.76%

12.42%

20.93%

2.77%

8.93%

% employment in
agriculture with respect
to the basin’s employment
rated

67.07%

35.19%

94.92%

13.59%

16.42%

% national direct jobs

15.61%

6.01%

2.78%

-- b

4.65%

Employment in agriculture

a

a

a

d

Employment in agriculture
(2005)

a
b
c
d

43

Employment in Agriculture in 2010 (Indexmundi: http://www.indexmundi.com/facts/indicators/SL.AGR.EMPL.ZS/map/europe
Calculated as the number of employees divided by the total population in the basin, per country (2005). Source: ISRBC (2013a)
Calculated as the population employed in agriculture the Sava River Basin divided by total employed population in the Sava River Basin
Estimated based on data from Annex 10 in the Sava RBMP (ISRBC, 2013a)

Sava RBMP, Sava River Basin Management Plan (Zagreb, International Sava River Basin Commission, 2014).
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Agriculture is in fact responsible for 11% of the total employment
in Sava River Basin (according to the Sava RBMP) and an estimated
16% of total employment in Bosnia and Herzegovina, 6% in Croatia,
5% in Slovenia, 4% in Serbia and 3% in Montenegro (refer to table
5 for sources). As a key employer of semi and unskilled labour,
agriculture also contributes to food security, as well as providing
an economic basis for agro-industries.
The most significant agricultural activities are, in order of
importance: corn and wheat production, oil plant production
(soy and sunflower), orchards and vineyards. Another major
agricultural activity is livestock production where small
production units predominate, especially for cattle, pigs, sheep,
goats and horses (poultry production is characterized by largescale production units). The agriculture sector contributes around
11% of the total national exports of Croatia (US$ 1.4 billion) and
around 25% for Serbia (US$ 2.24 billion). The Gross Value Added
(GVA) of agriculture in the total GDP of the Sava countries is 1.5%
in Slovenia, 7% in Croatia, around 10% in Bosnia and Herzegovina
and Montenegro, and around 20% in Serbia. For the entire basin,
the GVA of agriculture stands at 6%, while the average share of
employment in the agriculture sector stands at 11% (ISRBC,
2013a).
A number of policies to support agricultural activity by country
were collected by the Institute of Agricultural Development in
Transition Economies (IAMO).44 While outdated and published only
in 2010, the insights provided were instructive. This is particularly
the case with regard to the type of policy support available by
country in the region. Some policies promote agricultural activities
in a manner that do not encourage the efficient use of resources
such as land, fertilizer or water. Interestingly, many farmers receive
subsidies that are based on the area farmed or the number of
animals owned. These types of subsidy can discourage actions to
increase efficiency. This in turn can result in the wasteful use of land
and other inputs such as water.
The reform of the EU Common Agricultural Policy (CAP) for the
post-2013 period is expected to change water use in the agriculture
sector throughout the EU with implications for the EU member
States in the basin. Despite the fact that the issue is hotly debated,
the introduction of a ‘greening payment’ (where 30 per cent of the
available national agricultural subsidy is linked to the provision of
certain sustainable farming practices, such as permanent grassland
and crop diversification) means that a significant share of the
subsidy would be linked to rewarding farmers for the provision of
environmental public goods (EC, 2013).

TABLE 6

Policies and subsidies in riparian countries
BA

HR

ME

RS

SI

Direct payments based on outputs

xxx

x

xx

xx

NI

Direct payments based on area / animal

xxx

xxx

xx

xx

NI

Variable input subsidies

-

x

xx

xxx

NI

Key: Not introduced

-

Introduced

x

Introduced and relevant

xx

Introduced and highly relevant

xxx

Not included in the analysis

NI

Source: Volk (2010).

44
45

4.1.7 Economy - Industry
Industry, including agro-industry and tourism, is interwoven with
the Sava River Basin in at least three important levels. Firstly, it
requires water for its energy use, which is directly used as steam
(produced by heating local water supplies) to supply heat in much
of industry, i.e. steel production, refining, mining, and so on. In
addition, there is an indirect use of water as half of the electricity
used by industry is produced using water from the river either
through hydropower or for cooling generators powered by fossil
fuel. Thus, without the Sava River Basin, the energy supply for much
of the region’s industry would not be possible. Assuming that
much of the industry is located close to human settlements, similar
splits can be expected, i.e. there is a corresponding percentage of
settlements within the basin in line with industry-related structures.
Note that information on water and energy can be found earlier in
this section.
Secondly, in terms of impact, industry is an identified but limited
polluter with varying impacts throughout the basin. In 2007, a
significant number of polluting industrial sites were identified
in Slovenia, Bosnia and Herzegovina, Serbia, and to a lesser
degree in Croatia and Montenegro. An inventory carried out in
the development of the Sava RBMP listed 266 industrial facilities
out of a total of 1,096 that still discharge wastewater (without or
with insufficient pre-treatment) directly into the public sewerage
system or the environment.45
Thirdly, industry is dependent on the road and rail network, as
well as the Sava River for transport. Industry and Sava River Basin
navigation waters are therefore linked (specific types of cargo are
mentioned later in the report). Further, the tourism industry and
ecotourism is a growth area for the region. According to the ISRBC
(2013d) ecotourism is intended to expose visitors to a nature-based
experience while simultaneously sustaining or improving the
ecology of an area and enhancing the quality of life for peripheral
communities. However, ecotourism is dependent on the success
of nature conservation, and its facilities are expected to operate in
harmony with the ecology of the Sava River Basin and thus remain
consistent with the culture and social expectations of the people
living within the communities concerned.

Volk, Tina, ed. (2010). Agriculture in the Western Balkan Countries. vol. 57 (Leibniz Institute of Agricultural Development in Central and Eastern Europe (IAMO), Halle, Germany).
ISRBC, Sava River Basin Management Plan. Background paper No. 3. Significant pressures identified in the Sava River basin (Zagreb, International Sava River Basin Commission, March 2013).
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4.1.8 Economy - Navigation
The Sava River is navigable by larger vessels along 586 kilometres
upstream from its confluence with the Danube.46 According to
the Protocol on the Navigation Regime, reaches of the Sava River
tributaries are also navigable up to their confluence with the Sava
for a maximum distance between 3.00 to 15.00 river-km. However,
years of poor waterway maintenance, associated with the many
existent artificial barriers and obstacles, have contributed to
diminishing the navigation potential of the basin. The rehabilitation
and improvement of the waterways and their overall infrastructure
is essential to ensure the competitive nature of the transport
services market in the region.47
The confluence of the Kupa River with the Sava River in Sisak (Croatia)
marks the westernmost point of the river course designated as
a Class IV international waterway in compliance with the UNECE
European Agreement on Main Inland Waterways of International
Importance (AGN). This classification means that the river course
between Sisak and Belgrade is navigable to ships of a maximum
length of between 80 to 85 metres, a maximum beam of 9.5 metres,
a maximum draught of 2.5 metres and a tonnage of up to 1,500
tons (1,500 long tons; 1,700 short tons). The Sava River downstream
of Sisak is designated as a European waterway E 80-1248, branching
off from the E 80 waterway spanning the Danube and Le Havre via
the Rhine. The largest ports on the Sava River are Brčko and Šamac
in Bosnia-Herzegovina, Sisak and Slavonski Brod in Croatia, and
Šabac and Sremska Mitrovica in Serbia. Specific transport routes
that currently exist in the Sava River Basin are illustrated in figure
6. Transport of industrial goods, tourism and recreational activities
are thus linked with the Sava River Basin to varying degrees.

FIGURE 6

Transport routes in the Sava River Basin region

Source: ISRBC (2009a)
46
47
48

ISRBC, Pre-Feasibility Study for Rehabilitation and Development of the Sava River Waterway. Final Report (Deventer, the Netherlands, Witteveen+Bos, 2007).
ISRBC, Manual for Navigation on the Sava River (Zagreb, International Sava River Basin Commission, 2014) [in Croatian].
UNECE, European Agreement on Main Inland Waterways of International Importance (AGN). (Geneva, January 1996).
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4.2 NATIONAL DEVELOPMENT TRENDS THAT IMPACT ON THE BASIN

This section explores trends that will impact in the basin and
therefore influence its management. It is the intention to only
consider trends and scenarios rather than accurately simulate
national strategies; a task that is difficult as many national

strategies may have targets that are not easily compared. These are
summarized graphically in figure 7 and explained in more detail
below.

FIGURE 7

Future trends among nexus linkages in the Sava River Basin
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4.2.1 Resources - Water trends
Water demand is likely to rise with the growth of industry and
agriculture as well as mounting energy requirements.49 At the
same time, demand is likely to be tapered with the introduction
of new policies and increasing efficiencies. It is projected that
industrial demand is likely to grow significantly and there are
plans to increase agriculture, particularly irrigated areas. However,
population growth estimates from the United Nations indicate that
the population is not expected to grow.
Navigation routes are expected to increase both in number and
movable traffic. Environmental flows will be needed to support
habitats, and careful and coordinated management of water levels
will continue to be a crucial factor for the Sava River Basin. Table 7
gives a sense of growth in water demand by sector over the last
decade.

TABLE 7

Estimates of growth in water demand between 2005 and 2015
Public water supply

Industry

Thermal and nuclear
plant

Irrigation

Other agricultural uses

Total water use

31%

23%

-

593%

15%

12%

Source: ISRBC (2013a)

Water supply in the future will be dependent on the evolution
of climate. According to the Intergovernmental Panel on Climate
Change (IPCC), it is expected that South-Eastern Europe will be
greatly affected by climate change with water flows in summer
possibly decreasing by 10 per cent over historic levels, while
flows in winter are expected to increase. Later in chapter 5 under
‘Models’, scenarios are evaluated that consider future climate
projections so as to explore the dynamics that might be felt by
other sectors, which further illustrates the importance of intersector, transboundary (nexus) coordination. Figure 8, for instance,
illustrates recent changes in precipitation in the region.

FIGURE 8

Historical change in precipitation in the period 1951–2006.

4.2.2 Resources – Energy trends
The energy sector is expected to expand and transform, and
increases in demand are significant, as indicated in table 8.

TABLE 8

Increase in energy demand from current levels to 2020
reported by national projections
Country

by 2020

Bosnia and Herzegovina

15%

Croatia

20%

Montenegro

16%

Serbia

-2%

Slovenia

27%

Sources: Historical demand is taken from SORS (2013); CBS (2014, 2013); FBHOS (n.d.); RSRSO (2013,
2012, 2011, 2010, 2008, n.d.) and projections from BFME (2014), SMEEP, (2013), NREP (2009a, 2009b)

Source: Zoï Environment Network (2012)
*
United Nations administered territory under Security Council Resolution 1244 (1999).
49

ISRBC, Sava River Basin Management Plan – Draft (Zagreb, International Sava River Basin Commission, March 2013).
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At the same time the region is energy-resource rich with large
potential fossil, hydro and other resources available. Some countries
are already more advanced in their exploitation of hydropower
while others, such as Montenegro, have not yet realized their
potential. The expanded use of both fossil and renewable sources
of energy are associated with environmental impacts that require
careful planning.

Figure 9 illustrates aggregate hydro and thermal power plants
divided into existing plants (in dark blocks) and planned projects
(in lighter blocks).50 It should be noted that investments resulting in
production greater than national requirements might be exported
within or outside of the riparian countries, depending on a number
of factors.

Finally, there are strong policy imperatives that will affect the
system’s evolution. For example, Slovenia and Croatia, as members
of the European Union, have binding RES targets, while the
remainder countries, as Energy Community Contracting Parties,
began to implement the 2009 EU Renewable Energy Directive from
2012. The respective targets are summarized in table 9.

TABLE 9

2020 Renewable Energy Sources (RES) targets in gross final
energy consumption by country
Countries

RES share in 2009

RES share in 2020

Bosnia and
Herzegovina

34.0%

40.0%

Croatia

12.6%

20.0%

Montenegro

26.3%

33.0%

Serbia

21.2%

27.0%

Slovenia*

19.0%

25.0%

Source: Energy Community (2012)
*RES shares for Slovenia come from the Slovenian Ministry of the Economy in 2011.

FIGURE 9

Capacity of existing and planned power plants in the Sava River Basin and indication of their hydro-related water importance.
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David Heywood, Water and Climate Adaptation Plan (WATCAP) for the Sava River Basin (COWI, 2013).
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In a later analysis, the implications of a power system expansion
under a changing climate are estimated.

4.2.3 Resources – Land use trends
Land use change will be a function of climate change and
human activity. For example – and adopted later in illustrative
scenarios – figure 10 indicates the impacts of an increase in maize
production in the Sava River Basin, which would not only change
land use patterns but would also affect water demand and other
requirements.

According to simulations undertaken with the EPIC model at the
Joint Research Centre (JRC) of the European Commission, the figure
indicates that there is a potential in the Sava River Basin to optimize
the yield of crops such as maize. The average simulated maize yield
could increase from 5.7 tons/ha at present conditions to 9.9 tons/
ha in the case of optimum irrigation. To realize this potential crop
yield increase, 200–300 mm water would be needed for the newly
irrigated areas.

FIGURE 10

Annual Water Demand for current (left) and the optimum maize irrigation scenario
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Source: de Roo and others (2016)
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NEXUS LINKAGES
4.2.4 Resources – Ecosystems and
environmental trends
This section will focus on environmental trends, namely climate
change mitigation and adaptation, affecting the Sava River Basin
with regard to the food, energy, water and ecosystem nexus. As
greenhouse gas (GHG) emissions contribute to climate change,
each country in the region is expected to meet its targets to
reduce or mitigate GHG emissions. All EU countries and candidate
countries (once acceded) will be expected to contribute to the
EU target of a 40 per cent reduction in emissions by 2030 over
1990 levels.51 It is likely that targets will be adjusted to be country
specific. In order to reduce emissions, key sectors must be targeted.
The highest emitting sector is the energy sector (81%) followed by
agriculture (10%), with smaller contributions from industry (5%)
and waste (4%).

TABLE 10

GHG emission by sector in the Sava River Basin countries in
2011
National
contribution of
GHG emissions to
Sava River Basin
countries

Contribution of each sector to national
emissions

Agriculture

Energy

Industry Waste

Bosnia and
Herzegovina

33%

8%

84%

4%

4%

Croatia

31%

11%

78%

8%

3%

Montenegro

4%

7%

78%

11%

4%

22%

9%

84%

4%

2%

Serbia
Slovenia

FIGURE 11

Demographic trends in the Western Balkans

Source: World Resources Institute, n.d.

A changing climate is cause for concern with two key issues: an
increase in the occurrence of extreme events, such as flooding and
low rainfall,52 and lower rainfall generally (as outlined in section
4.2.1 on ‘Water trends’).

4.2.5 Society – Settlement trends
Interestingly, recent projections have indicated a generally
declining population in the Sava River Basin region. This is indicated
graphically from work undertaken by the European Environment
Agency (EEA) with recent (1995–2005) and long-term trends
(2005–2050) indicated in figure 11. Note that the figure does not
include all Sava River Basin countries.

Historic, between 1995 and 2005; and projected, from 2005 to 2050
Source: EEA 2010. Population growth and decline in the Western Balkans, 1995–2005 and projections
for 2050. Available at: www.eea.europa.eu/data-and-maps/
51
52

EC, A resource-efficient Europe – Flagship initiative under the Europe 2020 Strategy (Brussels, European Commission, 2014).
WMO & GWP, National Drought Management Policy Guidelines: A Template for Action. D.A. Wilhite ed. Integrated Drought Management Programme (IDMP) Tools and Guidelines Series 1 (Geneva, World
Meteorological Organization and Stockholm, Global Water Partnership, 2014).
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However, should a need arise to increase employment among the
population, such labour intensive activities as agriculture and agroindustry may become important given the regions natural resource
base.

4.2.6 Economy – Industrial trends
Various targets have been put in place as the region strives to grow,
such as the Industry Strategy of the Republic of Croatia 2014–2020.
At a regional level, the objective is to exceed growth rates in the
EU-27 by around 10% by 2020.53 Assuming compound growth
in Europe of around 1.5%, this implies an annual compound
growth of around 3% for the region. Scenarios developed by the
ISRBC considered a range of economic growth rates by country.
However, these were not met due to the economic downturn of
2008 onwards (ISRBC, 2007). Those include a range from 2.8 to
4.4%, with a median of 3.6%. Medium-term growth is expected to
be higher in countries with lower per capita GDP. Thus, growth in
Bosnia and Herzegovina, Serbia and in Montenegro is expected to
be the highest in the region.
53

TABLE 11

GDP per capita (US$ at prices and Purchasing Power Parities
of current year) in 2015 in the riparian countries
GDP per capita

BA

HR

ME

RS

SI

10,633

21,915

15,508

13,726

31,151

Source: UNECE Statistical Database (2016).

RCC, South East Europe 2020 Strategy - Jobs and Prosperity in a European Perspective (Sarajevo, Regional Cooperation Council, 2013).
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Among the sectors that are important or expected to grow are
several that will have an impact on the Sava River Basin (ISRBC,
2007) that include:

• Biodiesel and ethanol production (with planned investments to
support external biofuel targets).
Oil and oil products.
• Coal and cokes.
• Petrochemicals and fertilizers.
• Wood and wood products.
• Agriculture and agro-industries (including fertilizer).
• Iron ore, steel and steel products.
Each of these has an impact on water for heating (steam), processing
and – in the case of agro-industry – irrigation and the extensive use
of land. Further, each of these sectors is energy intensive.

4.2.7 Economy – Agricultural trends
In the region there is a goal to expand and increase the area under
cultivation. The region expects at least a twofold increase share of
irrigated agricultural land by 2020 (Regional Cooperation Council,
2013). The riparian countries anticipated expansion is to be as
much as sixfold during the period between 2005 and 2015 (ISRBC,
2013a). The principal reasons why only limited areas of agricultural
land are irrigated is due to the fact that it is fragmented and mainly
used by small agricultural producers who are also landowners, and
because the available water for irrigation is often inconveniently
located with agricultural producers untrained in the use of modern
irrigation systems. In addition, much needed investments are
required. Nevertheless, irrigation is important not only to increase
yield but also to improve the quality of agricultural products,
as well as boost employment and income through export and
strengthening security of the food supply.

FIGURE 12

In Croatia, droughts occur every three to five years on average and
may, depending on the intensity and duration, reduce the yields
of various crops by 20–92%. The decade 1981–1991 could be
considered as a long period of drought that affected almost the
entire Croatian territory (National Project of Irrigation and Land
and Water Management, NAPNAV).
As a countermeasure to drought, countries are looking into
expanding irrigation schemes. However, in order to avoid land
degradation, irrigation expansion requires the development of
drainage channels and, depending on the technical solutions,
these systems could also potentially serve flood protection. To
some extent however, this will also rely on water pumping, which
may affect the energy sector both through an increase in electricity
demand for pumping and in the potential reduction of water
available for hydropower generation and the cooling of thermal/
nuclear power generation. The increase in water use for irrigation
would also occur during the low-flow period of the year.

4.2.8 Economy – Navigation trends
In addition to the current state of navigation, as discussed earlier,
new projects are underway. For the shipping and tourism industry,
navigation is being supported by inland waterway development
projects. An upgrade of the Sava navigation, from class III to IV between
Sisak and Slavonski Brod in Croatia (2.5m navigation depth) and from
class IV to V between Slavonski Brod and Belgrade (2.5m to 2.8m
depth), is projected for commercial shipping (annual capacity: 400,000
tons). Alternative transport, via the new highway and the railroad, is
also available. Potential transport sectors identified include tourism,
oil and oil products, biodiesel and ethanol, wood and wood products,
agriculture and agro-industry, and iron ore and steel products.
Projected volumes of traffic are summarized in figure 12. Although
the river will be navigable to the west from Sisak (Croatia) to Brezice
(Slovenia), it will be targeted towards tourism.

Volumes of traffic on the Sava River – estimated volumes for 2027

Source: ISRBC (2009a).
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CHAPTER 5

Selected nexus issues with illustrative quantification
During the assessment workshop in Zagreb in March 2014, a series
of policies and issues were identified that demanded attention. To
help explore these, the trends and scenarios described earlier have
been expanded upon with simple quantifications and insights.
As previously stated, the issues analysed and partially quantified
were built upon the workshop discussion, but they only provide
preliminary insights on the type of integrated analysis possible,
which was thought to require an analysis of the intersectoral
implications of sectoral policies.
To investigate the nexus issues that were identified, two models
were adopted. The specific issues that were used to provide insights
include the nexus between:

• Sava River Basin waters, energy and GHG mitigation.
• Changing rainfall, energy and GHG mitigation.
• Changing rainfall, agricultural expansion, energy and GHG
mitigation.

These models and their calibration are described in the following
section. They include an energy systems model and an integrated
water-land use model. The former was developed specifically for
this work and the second is used in a project of broader scope.
Other nexus issues that are discussed include:

•
•
•
•
•
•
•

Lower rainfall and competition for water
Flood events
Sedimentation and erosion
Groundwater pressures
Point-source pollution
Navigation
Ecosystem services

The models used in the quantitative analysis were either simple
spreadsheet based analysis, integrated climate change-agriculturewater models (LISFLOOD)54 or integrated energy systems models
(in this case OSeMOSYS55). The LISFLOOD is described in the
following section, though more information can found by referring
to the online source found in Appendix A.

FIGURE 13

NEXUS LINKAGES IN THE SAVA BASIN
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Van Der Knijff, J. M., Younis, J. and De Roo, A. P. J. (2010) LISFLOOD: a GIS-based distributed model for river basin scale water balance and flood simulation, International Journal of Geographical Information
Science, Vol. 24, No.2, 189–212.
55
Howells, M., H. Rogner, N. Strachan, C. Heaps, H. Huntington, S. Kypreos, A. Hughes, S. Silveira, J. DeCarolis, M. Bazillian and A. Roehrl, (2011). OSeMOSYS: The Open Source Energy Modeling System, An
introduction to its ethos, structure and development, Energy Policy, vol. 39, 5850–5870.
54
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5.1 MODELS: CLIMATE CHANGE-AGRICULTURE-WATER LISFLOOD MODEL
The JRC has developed a modelling environment to assess the
optimum combinations of water retention, water saving measures
and nutrient reduction measures for continental Europe (de Roo,
2012). This modelling environment consists of linking the agricultural
Common Agricultural Policy Regional Impact (CAPRI) model, the
Land Use Modelling Platform (LUMP) / Land Use-based Integrated
Sustainability Assessment (LUISA) land use model, the LISFLOOD water
quantity model, the Environmental Policy Integrated Climate (EPIC)
water quality model, the LISQUAL combined water quantity-quality
and hydro-economic model, and a multi-criteria optimization routine.
This modelling platform is used to examine various water futures and
possible combinations of measures that are helpful and economically
favourable to reach a sustainable balance between water availability
and the water demands of the various economic sectors, while also
ensuring a minimum water availability for an ecologically sound river
flow regime.
The heart of the modelling platform is the LISFLOOD model, a GISbased spatially-distributed hydrological rainfall-runoff-routing
model developed at the JRC that includes a one-dimensional
hydrodynamic channel routing model.56 LISFLOOD is currently used
at the JRC for simulating water resources in Europe and Africa, and at
the global scale. Driven by meteorological forcing data (precipitation,
temperature, potential evapotranspiration and evaporation rates for
open water and bare soil surfaces) LISFLOOD calculates a complete
water balance at a daily time step and for every grid-cell. Processes
simulated for each grid cell include snowmelt, soil freezing, surface
run-off, infiltration into the soil, preferential flow, re-distribution of soil
moisture within the soil profile, drainage of water to the groundwater
system, groundwater storage, and groundwater base flow. Run-off
produced for every grid cell is routed through the river network
using a kinematic wave approach. Although this model has been
developed with the aim of carrying out operational flood forecasting
at the pan-European scale, recent applications demonstrate that it is
well suited for assessing the effects of land use change and climate
change on hydrology (e.g. Dankers and Feyen, 2009).
To account properly for land-use dynamics, some conceptual
changes have been made to render LISFLOOD more land-use
sensitive. Combining land-use classes and modelling aggregated
classes separately is known as the concept of hydrological response
units (HRU). This concept is used in models such as Soil and Water
Assessment Tool (SWAT) (Arnold and Fohrer, 2005) and PrecipitationRunoff-Evapotranspiration-HRU model (PREVAH) (Viviroli et al.,
2009) and has been implemented in LISFLOOD on the sub-grid level.
A forest fraction map, water fraction and direct run-off (urban area)
fraction have been derived from the 100 m resolution CORINE57
land use maps. Further, the remaining part of an individual grid is
divided into irrigated area, rice-irrigated area and other land use. For
future projections of land use, the JRC LUMP maps will be used in the
second part of the Sava study. The spatial distribution and frequency
of each class is defined as a percentage of the entire 5 x 5 km grid.
To address the sub-grid variability in land use, we model the withingrid variability by running the soil modules separately for fractions
of land use.

FIGURE 14

OVERVIEW OF THE LISFLOOD MODEL.

P = precipitation; Int = interception; EWint = evaporation of intercepted water; Dint = leaf drainage;
ESa = evaporation from soil surface; Ta = transpiration (water uptake by plant roots); INFact = infiltration;
Rs = surface runoff; D1,2 = drainage from top- to subsoil; D2,gw = drainage from subsoil to upper
groundwater zone; Dpref,gw = preferential flow to upper groundwater zone; Duz,lz = drainage from upperto lower groundwater zone; Quz = outflow from upper groundwater zone; Qlz = outflow from lower
groundwater zone; Dloss = loss from lower groundwater zone. Note that snowmelt is not included in the
figure (even though it is simulated by the model).

The model also has options to simulate lakes, reservoirs and retention
polders, which are relevant for low-flow analysis (as they tend to
increase low flows), as well as for simulating flood protection during
high flows. Further, LISFLOOD now includes a module to estimate
irrigation water demand and use, with modules for paddy rice irrigation
and irrigation of other crop types. Next, modules of livestock, industry,
energy and public water demand and consumption are embedded in
the model and further modules for embedding ecological flow and
various water allocation schemes are currently being finalized.
The LISFLOOD model output could be any internal variable
calculated by the model, either as time series, summary maps or
stacked maps over the complete time period.
Examples of LISFLOOD output are:

• Discharge hydrographs at gauge stations, inflow point of
hydropower reservoirs, etc.

• Timeseries/graphs of soil moisture, groundwater level, snow
accumulation, and so on, at specific points.

• Summary maps of total precipitation, annual run-off, total
evapotranspiration, snow accumulation, soil moisture, total
water demand, total water use, or groundwater recharge.
• Indicator maps, e.g. water exploitation index (WEI and WEI+),
soil water stress maps, flood return period maps and low-flow
return period maps.
56
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Van Der Knijff (2010). See footnote 55.
The CORINE programme comprises an experimental project for gathering, coordinating and ensuring the consistency of information on the state of the environment and natural resources in the European
Community. Corine Land Cover (2012) land use/land cover dataset is based on satellite imagery and provides a continuous coverage over the studied area.
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5.1.1 Models:
Application of LISFLOOD to the Sava River
Basin
Within its Danube Nexus projects, contributing to the EU Danube
Strategy, the European Commission DG Joint Research Centre
launched a case study on the Water-Energy-Food-Ecosystems Nexus
within the Sava River Basin that is executed in close collaboration
with the UNECE and the ISRBC. The aim of the JRC Water Nexus
study is to examine various water futures in the Sava River
Basin. Climate change and land use changes driven by political,
demographic and economic factors will have consequences in

terms of the balance between water availability and water demand
of the various sectors.
JRC has developed a hydro-economical water modelling platform
that simulates the hydrological cycle in a spatially explicit manner,
while taking into account the costs and benefits of measures
compared to the baseline scenario.
An overview and selected findings are presented below.
For the Sava, at present a 5 x 5 km grid set-up is used, while
using sub-grid information from the 100 m elevation (source:
Shuttle Radar Topography Mission, SRTM) and land use data
(source: CORINE).
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FIGURE 15

THE LISFLOOD AND
LAND USE SET-UP FOR THE SAVA BASIN:
25km2 of major river network, superimposed on the 100 m Shuttle Radar
Topography Mission (SRTM) elevation data.

The following data have been used for the simulations presented
in this report:

• Elevation: SRTM at 100 m, resampled to 5 km, sub-grid
information used.

• Land use: CORINE land cover 2006 at 100 m resolution; dominant
•
•
•
•
•

FIGURE 16

LOCATION OF THE HYDROPOWER
AND THERMAL POWER STATIONS
FOR WHICH DISCHARGE OUTPUTS ARE PRODUCED.

•
•

•
•

land use at 5 km used, with sub-grid percentages of forest, open
water, urban area.
Irrigated areas: EU-28 country information (as available from
Wriedt et al., 2010 and De Roo et al., 2012, non-EU data from
FAO Aquastat).
Percentage of water source used for irrigation (surface water,
groundwater, or non-conventional). Source: FAO/Aquastat
(available at country scale only).
Meteorology: JRC-Maritime Mobile Access and Retrieval System
(MARS)-EU-Flood-GIS database 1990–2013 with stations,
gridded to 5 km.
Climate scenarios: CORDEX bias corrected climate scenarios
(latest versions).
Discharge data: Sava Yearbooks 2001–2010 (as kindly provided
by the ISRBC), appended with available additional JRC station
data. Source: Global Runoff Data Centre (GRDC), and national
hydrological services.
Soil properties: European Soils Bureau gridded data (JRC) (King
et al., 1994)
Soil hydraulic parameters: porosity, saturated hydraulic
conductivity and moisture retention properties for different
texture classes were obtained from the HYPRES database
(Wösten et al., 1999).
Water demand/consumption/abstraction: Livestock, public,
industrial abstractions are taken from JRC Blueprint study (De
Roo et al., 2012); Irrigation is simulated.
Location of hydropower and thermal stations: Information
provided from ISRBC, KTH, missing data derived from Internet
sources; several steering parameters had to be estimated.

Using the data above, LISFLOOD was calibrated using the Shuffled
Complex Evolution - University of Arizona (SCE-UA) algorithm
(Duan et al., 1992) at 42 stations within the Sava River Basin. A set
of nine parameters that control infiltration, snowmelt, overland
and river flow, as well as residence times in the soil and sub-surface
reservoirs have been estimated for 42 sub-basins by calibrating the
model against historical records of river discharge.
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FIGURE 17

EXAMPLE OF THE LISFLOOD CALIBRATION RESULTS FOR ONE OF THE 42 HYDROLOGICAL STATIONS.

Source: de Roo and others (2016)
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5.1.2 Models:
Results of LISFLOOD to the Sava River Basin
The first results of the modelling study were used to facilitate a dialogue
with ISRBC experts to obtain feedback for improvements. With the
calibrated LISFLOOD set-up of the Sava River Basin, the LISFLOOD
model was run with the baseline 1990–2013 observed weather data
derived from gauged meteorological data available to the JRC. Next,
LISFLOOD has been run with a series of climate projections to evaluate
the impact of future climate, combined with land use and measures
such as irrigation, water resources and extreme events.
EURO-CORDEX bias-corrected climate projections from the
following sources were used:

• Royal Netherlands Meteorological Institute (KNMI, the
Netherlands)
• Swedish Meteorological and Hydrological Institute (SMHI,
Sweden)
• Danish Meteorological Institute (DMI, Denmark)
• Laboratoire des Sciences du Climat et de l’Environnement
Institut Pierre Simon Laplace (IPSL, France)
From each of those main climate models, the following scenarios
were used:

• 1981–2010 (Historical)
• RCP4.5 2011–2100
• RCP8.5 2011–2100
The hydrological model LISFLOOD is then run for the historical
period 1981–2010 and for the future climate scenarios 2011–2040
and 2071–2100 forced by both RCP4.5 and RCP8.5 using the
bias-corrected daily precipitation, average temperature and the
generated potential evapotranspiration maps.
Furthermore, land use scenarios until 2050 for the EU-28 countries
were obtained with the JRC LUISA land use modelling platform,
thus including Slovenia and Croatia. The other countries of the

Sava River Basin are not yet included. Work is underway to establish
land use projections for Serbia, Bosnia and Herzegovina, and
Montenegro as well. Therefore, for the purposes of this study, urban
and forest area in Serbia, Bosnia and Herzegovina, and Montenegro
are kept as in 2006.
On top of that, three different irrigation scenarios have for the
moment been taken into account:

• Current irrigated areas (source: JRC and FAO-Aquastat).
• Planned irrigated areas in Bosnia and Herzegovina, and
Montenegro (information from ISBRC national facilitators).

• Areas equipped for irrigation (source: FAO Aquastat).

FIGURE 18

PROJECTED CHANGES IN EXTREME FLOODING (HQ100) FOR THE RCP4.5 SCENARIO:
2071–2100 versus 1981–2010 (average of KNMI, Swedish Meteorological and Hydrological Institute, IPSL and DMI models). Only main rivers displayed.
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FIGURE 19

AVERAGE DAILY INFLOW DISCHARGE (M3/S) AT SELECTED HYDROPOWER
STATIONS IN THE SAVA RIVER BASIN, AND SIMULATED CHANGES UNDER
THE IRRIGATION AND CLIMATE SCENARIOS.

Source: De Roo and others (2016)

Detailed results are described in a separate JRC report (De Roo et al.,
2016). With respect to flooding, the projected land use changes in
Slovenia and Croatia up until 2050 alone do not seem to influence
flood peaks. Figure 24 shows however that when we add the
climate signal with the various scenarios, we do simulate an overall
increase in the Q99.95 flood peaks with 13% for the 2011–2040
period (both Representative Concentration Pathways or RCP4.5
and RCP8.5) and a 23% increase for the 2071–2100 period (also
both RCPs).
Figure 19 shows results of available water to hydropower stations.
When we take the climate control runs 1981–2010 as a reference,
we find an average decrease of Q50 of 3.3% for 2030 under RCP4.5,
whereas RCP8.5 would result in a 1.3% increase. End of the century
simulations yield a 17.6% higher Q50 for RCP4.5 and 23.1% higher
for RCP8.5. Should irrigation be excessively increased, there would
be a reduction of water available to the power stations, assuming
that quantities of water would be taken from the reservoirs.
However, if reservoirs are made multifunctional, the irrigation
water can first be used to produce energy.

CHAPTER 5: SELECTED NEXUS ISSUES WITH ILLUSTRATIVE QUANTIFICATION | 50

FIGURE 20

SIMULATED EFFECTS OF INCREASED IRRIGATION ON GROUNDWATER:
areas affected by unsustainable groundwater use (left), and a specific example (lower Croatia) of groundwater fluctuations under current and increased
irrigation practices (right).

Source: De Roo and others (2016)

Increasing irrigation would however have consequences for
groundwater (figure 20), which at least for parts of the year is
simulated to be unsustainable. This result is obtained under current
climate scenarios but with increased irrigation.

FIGURE 21

CHANGES IN LOW-FLOW CONDITIONS (1ST PERCENTILE)
UNDER INCREASED IRRIGATION AND CURRENT CLIMATE.

Figure 21 shows that increased irrigation might have substantial
effects to surface water and low-flow amounts, especially in
the lower Sava Basin. This is under the condition that the same
percentage of surface and groundwater is abstracted, as is currently
the case.
The detailed results obtained with the LISFLOOD model for
future land use, irrigation and climate scenario combinations are
contained in a separate report.58
58

Ad de Roo and others (2016) Modelling water demand and availability scenarios for current and future land use and climate in the Sava River Basin. EUR 27701. Luxembourg (Luxembourg): Publications Office of
the European Union; JRC99886.
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5.2 MODELS: WATER-ENERGY-GHG EMISSIONS (OSEMOSYS)
Energy – and electricity generation in particular – is the major user
of water from the Sava River Basin, which is likely to continue and
potentially grow further. To estimate the extent of the possible
relationship, the Energy Systems Analysis group of the Royal
Institute of Technology (KTH-dESA) developed a simple projection
of the lowest cost expansion of the electricity system in the shape
of a multi-country energy model for the period from 2015 to 2030.
KTH-dESA assumed that trade in the region is permitted both
between countries and with neighboring countries.
The data used for the projection is consistent with the WATCAP
report (Heywood, 2013). All power plants committed to come
into operation within the next few years (according to National
Development Plans and power plant databases) will start operating
in accordance with the identified installation or construction
dates. After that, however, new power plants from around 2020
onwards require investment – non-committed but identified
potential hydropower plants (as well as other generators) would
then gradually be allowed to be chosen by the model. The model
selects those that can meet demand into the long term. The
choice of power plant to build and operate is made such that the
lowest cost and most economic system is chosen, based solely
on techno-economic criteria such as capital, operating, fuel and
other costs of the system. One of those criteria is the capacity of
hydropower plants, whose capacity factors are initially chosen
as anticipated values (based on history) and replaced with data
from the LISFLOOD model. Further, the energy model estimates
GHG emissions from thermal power plants in each country, thus
allowing national emissions trajectories to be tracked. The software
used to make this estimation was the bottom-up, multi-year
energy system model – the open-source energy modelling System
(OSeMOSYS). More information on the energy model is provided
in Appendix B. OSeMOSYS allows for a detailed representation of
power generation and expansion by source.

A discussion of the results obtained for the Baseline Scenario is
available in Appendix B. In the Baseline Scenario (‘Base’), historical
flow data for the period 2003–2013 were used to estimate the
capacity factors of selected hydropower plants in the Sava River
Basin. These values were then transposed to the remaining
hydropower plants in the Sava River Basin, which are in operation,
under construction or planned in accordance with criteria of
proximity and upstream-downstream location along the Sava
River and its tributaries. For the hydropower plants located outside
the Sava River Basin, average capacity factors were assumed to be
similar.
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5.3 DEFINING SCENARIOS TO INVESTIGATE SELECTED NEXUS ISSUES
In order to provide insights on the relationship between the Sava
River Basin, GHG mitigation and adaptation, and agricultural
expansion three scenarios were developed:

• Base – this is a business as usual outlook that simulates a future
based on current expectations.

• RCP4.559 – simulates the effect of changed rainfall associated
with a warming climate and changed rainfall patterns.

• IRR Max – simulates the compound effect of RCP4.5 climate
change and increased water withdrawals associated with
agricultural expansion.
Note that each riparian country makes GHG mitigation binding
and sets renewable deployment targets that aim decades into the
future. They do not include potential changes in Sava River Basin
water constraints whereas integrated river basin management
plans are mandated to take place only over a six-year period. If
it becomes clear from these scenarios that long-term targets are
affected by Sava River Basin water demand and supply dynamics,
important policy implications will be drawn.
Several nexus issues were investigated using the water-energy-GHG
modelling framework developed for the Sava River Basin countries.
Key findings from the analysis are presented in the following
sub-sections, each one informing on potential implications from
the perspective of the development of the electricity sector, the
pursuance of irrigation plans, and the fluctuating availability of
water resources in the Sava River Basin.

59

Representative Concentration Pathway (RCP) associated with an increase in radioactive forcing of 4.5 W/m2 by 2100, corresponding to a CO2 equivalent concentration of 650 ppm, peaking around 2040 and
remaining constant until 2010. This scenario is linked to a temperature anomaly of +2.4°C over pre-industrial levels.
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5.3.1 Nexus issue: Sava River Basin waters,
energy and greenhouse gas mitigation
In the Base Scenario it is interesting to note that the use of fossil
fuels declines steeply from 2019. This mirrors an increase in the
deployment of large amounts of hydropower, the majority of
which is based on Sava River Basin water. This trend is followed
by a continuous reduction in CO2 emissions, mirroring the overall
decrease in the use of coal for electricity generation (illustrated at
a regional level in figure 22). From a GHG mitigation perspective,
the increase in hydropower capacity, in combination with other
RES, allows the reduction of CO2 emissions by 50 per cent in 2030
when compared to 2015. Such emissions reduction potential may
become an important driver in the future.

Bosnia and Herzegovina maintains its status as the region’s net
exporter with hydropower replacing the coal-fueled technologies
in the production of electricity for exports. Figure 23 provides an
overview on the importance of net electricity imports in the region
surrounding the Sava River Basin. The amount of energy traded is
very much dependent on the low cost electricity surplus produced
in Bosnia and Herzegovina. From 2020, Montenegro, due to the
expansion of hydropower and to the lowest demand in the region,
will start exporting electricity to neighboring countries as a result
of the decrease in exports from Bosnia and Herzegovina. On the
other hand, Serbia’s net imports will start increasing from 2020 in
order to meet the country’s high electricity demand (figure 23),
indicating that its own installed capacity is no longer sufficient to
secure electricity supply.

FIGURE 22

COMPARISON BETWEEN CO2 EMISSIONS AND HYDRO AND THERMAL POWER ELECTRICITY GENERATION IN THE SAVA
RIVER BASIN COUNTRIES FOR THE BASELINE SCENARIO.

FIGURE 23

NET ELECTRICITY IMPORTS OF THE SAVA RIVER BASIN COUNTRIES IN THE BASELINE SCENARIO.
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Electricity-based GHG emissions in the Sava region are
predominantly the result of burning coal. However, CO2 emissions
will fall in the years starting 2019, 2020 and 2021 due to the
introduction of hydropower plants in the different parts of the
basin. Nevertheless, electricity production from fossil fuels will
start to grow around 2025 to satisfy the increasing demand for
electricity. This would indicate that there would be a drive to fully
exploit the Sava River Basin hydro potential and thereafter rising
GHG emissions would need to be dealt with.
The planned expansion of hydropower plants will reach 492 MWe
with a total generation of 1,613 GWh on an annual basis. Since no
site-specific costs were available to the analysts, generic values were
used to estimate the corresponding expansion costs, approximately
US$2 million. Such an expansion would save 1.2 million tons of GHG
emissions per annum. At the same time, there is the potential to
increase the role of other GHG mitigation measures, which all
include interactions with the Sava River Basin. Some of these are
briefly described below:

• Increasing biofuel production. Subject to meeting ‘sustainability criteria’, biofuel production will increase water use
and place demands for greater agricultural land use. The intrinsic
trade-off associated with agricultural expansion again appears.
• Increasing the deployment of solar and wind generators. Wind
and solar is presently limited but potential expansion is thought

to be significant and form part of Energy Community Secretariat
(2012) targets. These will directly impact the Sava River Basin in
two ways:
•

•

More solar and wind power may alleviate the pressure
on hydro as the primary GHG mitigation technology for
Sava countries, relieving the drive for the expansion of the
hydro system with its associated effects.

More solar and wind power will drive up the need for
storing energy. The most cost effective way to do that is
to increase pumped storage hydro plants; another action
that will affect the river.
• Increasing energy efficiency options. Overall, investments to
improve energy efficiency measures are more cost-effective
than investments into developing new capacity. A special case
for the expansion of energy efficiency and water efficiency will
be discussed again later with reference to water treatment.
However, simplistically, lower energy demand (subject to export
situations) lowers the need for electricity supply and resources,
such as water, on which it relies.
• While less important than energy, agriculture is the number
two GHG polluter in Sava River Basin countries. Moreover, a high
proportion of agriculture is dependent on the Sava River Basin,
indicating another key interlinkage.
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5.3.2 Nexus issue: Changing rainfall, energy
and greenhouse gas mitigation
In the context of Sava River Basin countries, climate change has two
main themes. One is the mitigation of GHG emissions and the other
is adapting to changes in the climate such as changing rainfall
patterns and so on. In the Climate Change Scenario (RCP4.5) an
illustration of the impact of a changed climate is partially captured.
Water flow information was taken from a parallel study by the
JRC based on the IPCC Representative Concentration Pathway 4.5
(RCP4.5) and from data from the Royal Netherlands Meteorological
Institute (KNMI), which was used to define the scenario. The
RCP4.5 data corresponds to the climate future in which the peak
of GHG emissions occurs by 2040, remaining constant until 2100.
In that study, an average of the daily water flow was estimated in
a detailed land use and water balance model at the location of a
set of power plants. The potential flow of water through existing
and new hydropower plants was translated by assuming consistent
capacity factors, which were then used for other technologies in
accordance with criteria of proximity and upstream-downstream

location along the Sava River and its tributaries. The water flow
was changed as a function of fluctuation in rainfall and use (the
dynamics of the JRC study are described later in more detail). The
expected change in electricity generation mix from the results of
this scenario is shown in figure 24.
The RCP4.5 climate change scenario does not necessarily result in
decreased water availability in all countries (see JRC study data),
in fact it results in a net increase in generation. The decrease
in generation in some countries is balanced by the production
from others through the electricity trade. Figure 25 illustrates the
differences between the net imports in the Baseline and in the
Climate Change (RCP4.5) scenarios, respectively represented in
a bold and dashed line. The reduction in production indicated in
figure 24 is mainly due to the decrease in production in Montenegro
(Montenegro becomes a net exporter in 2024 rather than in 2020
in the Baseline Scenario). Added to this, the amount of electricity
available for export by Montenegro is nearly reduced by half. As a
result, Bosnia and Herzegovina continues to export at steady levels
before a reduction that is correspondingly delayed by four years.

FIGURE 24

ELECTRICITY
GENERATION CHANGES
FROM THE BASE
SCENARIO TO THE
RCP4.5 SCENARIO.

FIGURE 25

BASELINE AND CLIMATE CHANGE (RCP4.5) SCENARIO COMPARISON OF THE NET IMPORTS IN THE SAVA RIVER BASIN COUNTRIES.
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The hydro generation dynamics in the Sava River Basin countries is
interesting. In Slovenia, there will be an increase in water availability
indicated by an increase in hydropower production (as shown
in figure 26) while the opposite will be expected in Bosnia and
Herzegovina. Figure 26 indicates the overall change in hydropower
generation in the Sava River Basin countries. The available water
for hydropower generation is reduced in certain countries but
increases in some others over different time periods. While a hydro
generation increase is expected in Slovenia, under the RCP4.5
scenario, the tendency for Bosnia and Herzegovina is not the same.
In this case, the results indicate that a reduction in generation will
gradually decrease until 2023 from when the generation from
hydro will be less affected by climate change impacts in terms of
water availability.

FIGURE 26

RELATIVE CHANGE IN TOTAL HYDROPOWER GENERATION (TOTAL HYDRO) AND IN SAVA RIVER BASIN (HYDRO SS) IN
SLOVENIA AND BOSNIA AND HERZEGOVINA FOR THE CLIMATE CHANGE SCENARIO (RCP4.5) COMPARED TO THE BASELINE
SCENARIO.
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5.3.3 Nexus issue: Increasing agriculture, changing rainfall, energy and greenhouse gas mitigation
To expand irrigated agriculture, it is necessary to complete the
construction of local irrigation systems and micro-accumulations,
but also upgrade/expand the infrastructure network where
irrigation systems are in place in order to make water available to
all agricultural producers. Building the low-voltage power network
is necessary to ensure secure and cheaper irrigation. Further, as
agriculture modernizes and intensifies, the volume of fertilizers
is expected to grow. Increased agricultural expansion will result
in evaporation and evapotranspiration losses and consequently
less water will be available for hydro generation, which in turn will
result in increased generation from other sources, including fossil
fuels. Increased fossil fuel use will thus increase GHG emissions.
To calibrate the experiment, an aggressive agricultural expansion
scenario was taken from work with the JRC (Bidoglio, 2014). That
effort calculates reductions in water availability for power plants as
a function of increased irrigation combined with the RCP4.5 climate
future scenario. As with the Climate Change Scenario, the capacity

factors of specific hydropower plants in the Sava River Basin were
estimated and used to better describe the electricity generation
mix in the Sava River Basin under maximum irrigation conditions.
Care was taken to locate the position of all identified and planned
hydropower facilities in the region (figure 27). Reductions in flow,
resulting from water withdrawals expected in the max irrigation
scenario of the JRC, could then be mapped to those plants.
With an increasing demand for water in the agriculture sector,
the hydropower generation is once again negatively affected, as
shown in figure 28. The difference in hydropower production may
not be significant until 2020, but from then on such difference is
expected to increase, with less than 6.3 PJ produced in 2024.
Bosnia and Herzegovina is the largest net exporter of electricity
with a significant share of its energy production dependent on the
Sava River. It is therefore examined in a little more detail here.

FIGURE 27

LAND USE AND A SCENARIO OF NEW HYDROPOWER PLANT DEPLOYMENT IN THE SAVA RIVER BASIN

Sources: AE (2014), BA - Vlada Republike Srpske (2010), BA FIPA (n.d.), BA (2013), Balkan
Energy News (2014), Comsar Energy Hidro ( n.d.), COWI AS (2013), Elektroprijenos BiH (2014),
EPBiH (n.d., 2013), EPS (2011, 2014), EH (n.d.), HE na Drini (n.d.), HES Vrbas (n.d.), HSE
(2011), HWN (2014), KPMG (2010), ME (2011), Platts (2012), Program Sava (2014), RCERS
(2014), Reservoir Capital (2013a, 2013b), Serbia SEE Energy Mining News (2013).

FIGURE 28

DIFFERENCE IN ELECTRICITY GENERATION BETWEEN THE MAX IRRIGATION AND THE RCP4.5 SCENARIO.
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FIGURE 29

ELECTRICITY TRADE COMPARISON FOR BOSNIA AND HERZEGOVINA, ALONG WITH HYDROPOWER GENERATION, FOR
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Across all scenarios in Bosnia and Herzegovina electricity exports
increase with the increase in the capacity of hydropower production.
As shown in figure 29, that increase is lower – and at similar levels
– for the Climate Change (RCP4.5) and Max Irrigation scenarios. In
the case of the Baseline Scenario, from 2020, generation from new
hydropower plants will gradually impact the amount of electricity
traded by Bosnia and Herzegovina. In the RCP4.5 and Max Irrigation
scenarios, Montenegro will become a net exporter from 2024,
partially relieving Bosnia and Herzegovina from the responsibility
of increasing production to satisfy the needs of Serbia and Croatia.

of fossil fuels. Supporting this analysis is the increase in emissions
in the Max Irrigation scenario, which means less water is available
for electricity generation when compared to the Climate Change
Scenario. As a result, it can be seen that there is in fact a trade-off to
be made. On the one hand the value of that trade-off is a function
of the electricity price, the cost of alternative power generation
options, and on the other hand it is a function of the value of the
crops to be cultivated.

Annual CO2 emissions in Bosnia and Herzegovina are presented
across different scenarios in figure 30. It can be noticed that
the increase in electricity produced from hydropower plants at
around 2020 results in the reduction of the amount of coal burnt
in the country, which in turn results in a drop in CO2 emissions.
The difference in CO2 emissions in the Climate Change and Max
Irrigation scenarios when compared to the Baseline Scenario is
also noteworthy. This is directly proportional to the decrease in
water available for hydro production and hence the increased use

• Higher GHG emissions due to the increased use of fertilizer in

Other nexus impacts of agricultural expansion include, among
others:
the form of released nitrogen oxides.

• Potential encroachment on forests and wetlands as agriculture
expands. The latter is associated with the loss of carbon sinks,
flood control, tourism and biodiversity services.
• Plans have been reported for the production of ethanol and
biodiesel. In this case there is a direct link between agriculture
and energy, particularly renewable energy.
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5.4 OTHER NEXUS ISSUES
As indicated, the Sava River Basin is not water scarce. However,
even with an historic climate projected into the future there are
potential trade-offs looming for water use. As water resources
decrease – either in the long term or during droughts – trade-offs
will need to be made.
Focusing on the biggest user (if non-consumptive water use is
considered) the costs to the energy sector can be significant. If
policies are set up to try and adapt quickly to a given scenario then
cost impacts can be reduced. Policies may include greater use of
dry cooling technologies or the adoption of low water intensity
options such as solar photovoltaics and wind turbines.
Mean flow reductions and an increased variability due to climate
change has strong implications as it will affect power production,
agriculture and other water demands, as well as incur competition
between these requirements.
Depending on levels of water availability, ‘thirsty’ technologies in
the energy production sector will remain vulnerable. There are
several examples in Europe of thermal water-cooled plants having
been switched off in order to meet the need for water requirements
upstream or in other power plants.

BOX 1.
The potential implications of low-water years:
examples
Record-breaking temperatures were registered in Central Europe during
the 2003 and 2006 heatwaves. In June and August 2003, ambient air mean
temperatures were 6°C above normal whereas in July 2006 the average
maximum temperatures anomalies reached 8°C.60
These conditions had implications over energy production in different countries.
In France for instance, the 2003 heatwave conditioned the functioning of 17 out
of the 34 nuclear reactors in operation with some being forced to temporarily
shut down. In July 2006, the Spanish nuclear power plant Garoña had to close for
a week due to the high water temperatures of the river that provides the water
for cooling. In Germany, also in 2006, five nuclear power plants had to reduce
their production due to high water temperatures and low stream flows. Three
of these, located along the Elbe River, were forced to reduce their production by
50% during July and August because of the high water temperatures.61 Although
the previous examples refer only to nuclear power, it is worth mentioning at this
point that the water withdrawal demand for nuclear power plants is very similar
– if not lower – than the water requirements for fossil fuel based technologies.62

The availability of water for countries downstream in low-flow
periods, eventually conditioned by droughts or particularly dry
seasons, may be affected by upstream activities. For example,
the intensification of irrigation in upstream regions and water
abstraction for public supply, as well as the existence of water
catchments, may lead to a decrease in downstream flows.63,64 The
effects will be felt across different water-using sectors such as
the industrial, agricultural and municipal (public supply) sectors.
During dry periods, both energy and irrigation demand increases,
each exerting pressure on the regional water supply.

5.4.1 Valuing water in the context of
competition
Water in the system has a value as a function of the sector in
which it will be used. Consider for example the removal of 1m3/s
of water throughout the year in the entire chain of all hydropower
plants, which may be due to extra extraction owing to irrigation
requirements, or the result of pressures placed on regulating
flows for ecosystems, or maintaining water levels. In so doing, it
is estimated that approximately 114 GWh less of electricity will
be generated from hydropower in the basin. This will require
additional generation from other sources, such as coal, natural gas,
oil and nuclear power plants, to meet demand in the basin. It is
expected that such a decrease in the water availability would result
in an extra cost of US$ 0.9 million per annum for the Sava region
to generate electricity from other sources, with 90,000 extra tons
of GHG emissions released to the atmosphere. The additional GHG
emissions per country are given in table 12. This table forms the
background of the power capacity and generation maps (figure 9)
shown in this report.

TABLE 12

Additional greenhouse gases if 1m3/s is removed from the
entire chain of hydropower plants (KTH calculations).
Country

Additional GHG (tons)

Bosnia and Herzegovina

12,311

Croatia

4,370

Montenegro

9,061

Serbia
Slovenia

60,236
5,340

Similar opportunity costs arise if flows are reduced to agriculture,
ecosystems and other users.
Note that our example points to two general points. Firstly, that the
economic evaluation of water is feasible; an important step needed
for its management. Secondly, that its value differs by sector, but
also by region as upstream uses have important downstream
influences.

Martine Rebetez, Olivier Dupont and Marianne Giroud (2009). An analysis of the July 2006 heatwave extent in Europe compared to the record year of 2003. Theoretical and Applied Climatology, vol. 95, No. 1, pp.
1–7.
61
Hannah Förster and Johan Lilliestam (2010). Modeling thermoelectric power generation in view of climate change. Regional Environmental Change, vol. 10, No. 4, pp. 327–338.
62
IEA, Water For Energy. Is energy becoming a thirstier resource? Excerpt from the World Energy Outlook 2012 (Paris, OECD/IEA, 2012) pp. 10.
63
Shiquan Ren and Richard T. Kingsford.(2014). Modelling impacts of regulation on flows to the Lowbidgee floodplain of the Murrumbidgee River, Australia. Journal of Hydrology, vol. 519, pp. 1660–1667.
64
UNESCO, Free Flow - Reaching Water Security Through Cooperation (UNESCO Publishing, Tudor House, 2013) pp. 13, 45, 281.
60
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5.4.2 Nexus issue: Flood events
The Sava River recently experienced one of its most severe floods.65
In Serbia, apart from hindering the operation of thermal power
plants,66,67 flood events between April and May 2014 compromised
coal supply because of the damage caused to several open-pit
mines.68 Moreover, the occurrence of extreme hydrological events,
such as flooding, is expected to increase. In this case there will be
trade-offs between sectors. Again, with regard to energy, there will
be inter-sector tension as described in UNISDR (2014), BBC (2014),
TENT (2014a,b). According to ISRBC (2014a), floods in May 2014
saw the heaviest rainfall since records began 120 years ago causing
an extreme increase of water levels in the rivers, some exceeding
highest ever recorded maximums. Tributaries of the Sava River (the
Bosna, Vrbas, Una and Kolubara) caused flooding and landslides,
greatly damaging the area. Floods had a particularly devastating
impact in the towns and villages along the Bosna River (Zavidović,
Maglaj, Doboj, and so on). The city of Obrenovac on the Sava,
some 20 km upstream from Belgrade and at the confluence
with the Danube, was devastated. In Serbia, two coalmines were
also flooded whose production is essential for the generation of
electricity and their operation was thus suspended.69

65
66
67
68
69
70
71

It may be helpful to adopt an approach to buy time or to adapt to a
minor flooding incident by lowering reservoir levels during normal
operation. Tension between the optimization of hydropower
generation will occur if lower operating levels in reservoirs are
adopted, and low reservoir levels may limit hydro potential
operation. Also, low reservoir levels will affect the ability to cope
with droughts and affect the scheduling potential of power plants,
as well as irrigation and maintaining appropriate flow regimes.
The flood reaches its 100-years return period at about 6,000 m3/s
in the Sava River Basin70 where the reservoir capacities reach 1,752
km3. Assuming that the storage capacity is half full, the centennial
flood could be diminished by at least four hours. Further, lower
impact floods, which often last for up to four days,71 might be
better contained in instances where natural floodplains are
complemented by spare reservoir capacity.

UNISDR, Record floods challenge Serbia and Bosnia and Herzegovina (United Nations Office for Disaster Risk Reduction, Regional Office for Europe, 2014).
BBC News Online, Balkan Floods: Fears of new surge on Serbia’s River Sava, 18 May 2014.
EPS, Annual Report 2013 (Belgrade, Electric Power Industry of Serbia, 2014).
Ibid
UN Serbia, Serbia floods (Belgrade, European Commission and the World Bank Group, 2014). Available from: http://ec.europa.eu/enlargement/pdf/press_corner/floods/20140715-serbia-rna-report.pdf
ICPDR, 2010 Floods in the Danube River Basin – Brief overview of key events and lessons learned (ICPDR, Vienna, 2012) Available from: http://www.icpdr.org/main/issues/floods
Dejan Komatina, Activities related to climate change, flood management and projects of the ISRBC (ISRBC, 2014)
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5.4.3 Nexus issue: Sedimentation and erosion

5.4.4 Nexus issue: Groundwater pressures

There are economic pressures to exploit the Sava further. Human
activities will affect the river’s flow patterns, which in turn will affect
historic flow patterns in the river system and the ecosystem that
is dependent on it (and their services) and these will need to be
assessed. Similarly, this will affect sedimentation. Sediments that
are withdrawn upstream, i.e. for use in the construction sector,
can create a lack of sediments downstream and thus influence
the hydromorphology of the riverbed, which would be bad for the
natural functioning of river ecosystems. In addition, sedimentation
can affect the navigability of the river. However, slowing flows,
especially in reservoirs or slower stretches of the river, may increase.

In the Sava River Basin, groundwater is important as a source of
public water supply to the population and industry, but it also
supports ecosystems. Pressure on groundwater bodies, mainly
around cities and agricultural areas, are likely to increase as more
water is expected to be withdrawn from them.73

A recent sediment balance study in the Sava River Basin by ISRBC72
states that the excavation of material from the Sava riverbed is a
relatively important component of processes of sediment load
formation and sediment transport, even though the effects of
dredging are generally local and depend on the location of the
excavation field. River training structures and hydropower plants
play a significant role in riverbed formation along some stretches
of the river.
As sediment transport impacts on the infrastructure of the different
sectors, reducing and controlling erosion is a shared interest and
would benefit from efforts by the different sectors. Information
about effective measures, for example land use and farming
practices that reduce erosion, would be valuable. Collecting data
and information is an important future activity, and the sediment
balance report included a number of proposals for joint activities
to improve sediment monitoring.

An assessment of the quality and quantity status of groundwater
bodies (GWBs) in the Sava River Basin concluded the following:74

• Regarding chemical status, 11 GWBs (or almost 30 per cent) are
possibly ‘at risk’ or have poor status, and 30 GWBs are in good
status (or not ‘at risk’).
• Based on a quantitative status (or risk) assessment, only three
GWBs are possibly ‘at risk’ of not achieving good quantitative
status, and 38 GWBs are in good status or not ‘at risk’.
Some 19 transboundary aquifers have been identified in the Sava
River Basin (UNECE, 2011). Depending on the transboundary
aquifer, some pressure factors have been identified, namely
hydropower schemes and flow regulation, transport, agriculture,
groundwater abstraction, communities, industry, wastewater
(septic pits), solid waste disposal, gravel extraction, tourism and
mining. Local lowering of groundwater levels has also been
observed (UNECE, 2011). It is clear however that groundwater
withdrawals will have trans-sector implications, not least because
energy consumption, and therefore price, can be significant as a
function of groundwater depth.

ISRBC, Towards Practical Guidance for Sustainable Sediment Management using the Sava River Basin as a Showcase: Estimation of Sediment Balance for the Sava River (Zagreb, International Sava River Basin
Commission, 2014).
73
ISRBC, Sava River Basin Management Plan. Background paper No.2. Groundwater bodies in the Sava River Basin (Zagreb, International Sava River Basin Commission, March 2013).
74
Ibid
72
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5.4.5 Nexus issue: Point-source pollution

5.4.6 Nexus issue: Navigation

Even though a number of new treatment plants were projected
to enter operation, the share of wastewater discharged to the
Sava, which is either untreated or has gone through only primary
treatment, remains significant. This results in a high load of organic,
nutrient and other chemical pollutants entering the Sava River.

Navigation requires both appropriate water depth and the
control of sediment levels. Maintaining flow levels will require
the coordinated operation of infrastructure, and the operation
of that infrastructure for water withdrawals, hydro generation,
releases and so on will depend on other sectors and the type
of infrastructure available. From an ecological point of view,
navigation is a significant pressure in that engineering works
carried out to maintain and improve navigation affect riverine
processes (e.g. bedload transport, morpho-dynamic development
of the channel network, groundwater regime, and so on). Further,
navigation can pollute the aquatic environment.

Improved wastewater treatment has been highlighted as a goal by
each country in the Sava River Basin, and the Sava RBMP highlights
the crucial importance of the construction and extension of
wastewater infrastructure in agglomerations >10,000 p.e. that
generate some 75 per cent of the total organic pollution load
(about 112,000 t/a as biochemical oxygen demand for 5 days, BOD5
and some 221,000 t/a as chemical oxygen demand, COD) (ISRBC,
2013a). Urban wastewaters are also an important source of nutrient
pollution, but other important contributors come from industrial
facilities, the chemical sector and intensive livestock production.
Water treatment has a cost and an energy requirement, i.e. to
treat a unit of city wastewater requires approximately 35kWhr per
1000m3. Indirect effects include the increased demand for energy,
which in turn increases the importance of the Sava River Basin on
which the energy system relies. Detailed discussion of the water
related impacts of water treatment can be found in the Sava RBMP.
The low level of wastewater treatment negatively impacts on
ecosystems, aquaculture and other uses.
As there is a growing need to put into place wastewater
treatment, the proposed investments are an opportunity to select
technologies that are energy efficient. This would include measures
in, for example, households becoming more water efficient, such
as implementing low-flow appliances (toilets, showerheads,
washing machines and so on.) These would consequently result in
indirect energy savings as less water is used and processed. In the
treatment centres themselves there is scope to use state-of-theart high efficiency pumps and so on. The selected technology for
wastewater treatment will impact on energy requirements, while
some of the technical solutions would also allow for the generation
of some energy (e.g. from biogas).

75

The legal framework for navigational and environmental issues in
the Sava River Basin includes international conventions between
countries, as well as relevant EU legislation, policies and action
plans. An important issue for the development of navigation on the
Sava River is the development of the River Information System. In
this regard, the ISRBC has passed two decisions complying with EU
requirements: Decision 03/09 on the adoption of Vessel Tracking
and Tracing Standard, and Decision 04/09 on the adoption of the
Inland ECDIS Standard.
The rehabilitation and development of the Sava River waterway is
an important project for the Sava riparian countries as it enhances
economic and social development in the region, while the need
for joint action and intersectoral and transboundary coordination
is also recognized. The Protocol on the Navigation Regime to the
Framework Agreement on the Sava River Basin (FASRB) constitutes
a main pillar for integrated planning. The latter takes into account
the Joint Statement on Guiding Principles on the Development of
Inland Navigation and Environmental Protection in the Danube
River Basin75 and especially the ecological measures required to
ensure environmental sustainability. More detailed discussion of
the water related flow level and sediment control can be found in
the Sava RBMP (2014).

ICPDR. Joint Statement on Guiding Principles for the Development of Inland Navigation and Environmental Protection in the Danube River Basin (Vienna, International Commission for the Protection of the Danube
River, 2007). Available from: https://www.icpdr.org/main/sites/default/files/Joint_Statement_FINAL.pdf
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5.4.7 Nexus issue: Ecosystem services
As previously described, the Sava River Basin provides key
ecosystem services with important inputs to various sectors.
However, those services are affected by human activities, which
in turn will have an effect on activities related to tourism, GHG
mitigation, agriculture and flood adaptation, among others, with
each having an important nexus linkage. In the case of tourism,
the rising numbers of visitors attracted to the natural beauty and
wildlife of wetlands and forests in the region results in increased
spending but also potentially more pollution and further impacts.
While not cost factored into tourism per se, clearly natural beauty
has an intrinsic value. From a sociocultural point of view, links
with land and the natural environment are strong, and cultural
and heritage sites provide a valuable bond. Concrete possibilities
for developing the tourism sector in a sustainable manner can
be found in the Guidelines for Transboundary Ecotourism (ISRBC,
2013b).
In terms of GHG mitigation, forests and wetlands capture large
quantities of carbon, lowering carbon dioxide emissions. They also
provide land that can be used for the production of biofuel. There
are trade-offs between carbon loss if there is a change in land use
and gains from lower carbon-emitting biofuel.
In terms of agriculture (as with biofuel production), forested areas
and wetlands cover land that when deforested or drained clears
space that could be used for agriculture. Agricultural expansion
can therefore lead to the loss of these services, which, as previously
explained, have an economic value. That value however is not
always clear and thus not necessarily integrated into decisionmaking. Similarly, agricultural production has an economic value
such that maximizing the trade-off is important.
Flood control services are provided by floodplains. Similarly, flood
levels can be controlled by operating and building reservoirs in a
coordinated manner. However, changes in the hydro-morphology
from the increased use and development of infrastructure can
affect the characteristics of the ecosystem services provided.

BOX 2.
Reconciling water needs for hydropower and
environment: environmental flow
The World Wide Fund for Nature (WWF) has developed a case study in
Montenegro for a small hydropower plant on Treskavacki Potok to demonstrate
the implementation of environmental flow (e-flows) that can make hydropower
generation better account for ecosystem needs and make it more sustainable.
The aim was to determine the impact of e-flow regime implementation
on electricity generation compared to current practice, which consisted of
maintaining only 10% of average annual flow, called the biological minimum,
in the river at all times. In contrast to a biological minimum, e-flow regime
mimics the natural variability of flow in terms of magnitude, seasonality,
duration and high/low flow events. Ecological experts recommended the e-flow
regime in relation to natural flow and existing aquatic and riparian ecosystems,
generally providing for more water to be left over in the river compared to
biological minimum requirements. The available water for hydropower use was
determined by comparing biological minimum and e-flow regime to natural
flow. A set of engineering equations was then used to calculate how much
electricity could be generated – all else being equal – by applying the two flow
regimes (biological and e-flow).
The outcome of this analysis demonstrated that a small hydropower plant
operating on an e-flow regime would produce 2.4% electricity per annum less
than if operating on a biological minimum. Translated to Montenegrin financial
conditions, this would cause a decrease of less than 10,000 € per year. While this
analysis refers to small hydropower projects and still needs to be scaled up to
larger plants, it shows that considering nature (as one of the water users) is not
that costly with all the costs incurred repaid in environmental services spared.
In addition to using an e-flow regime specifically to the hydropower sector, it is
an excellent tool for managing trade-offs between the various water users and
the environment in order to maximize both human and ecological outcomes.
Such an environmental water allocation should be used in any basin-scale
planning and assessment, including a nexus assessment of the Sava River Basin.
Source: Water Working Group. Assessment of Environmental Flow for the Crnojevića River. (WWF
Mediterranean Programme Office and NGO Green Home, 2012).
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5.4.8 Nexus issue:
Conflicting interests between the sectors and shortcomings in intersectoral coordination
A preliminary mapping has been done of the institutions and
actors in the Sava Basin riparian countries (figure 3). Potential
conflicts can occur between upstream and downstream countries
based on uses (e.g. hydropower, agriculture) between sectors
within a country (industry, navigation), between local and national
authorities within a country (tourism, energy), and stakeholders,
who can support or oppose conflicting uses.
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CHAPTER 6

Inter-sector, transboundary ‘nexus solutions’
and synergies
The aforementioned nexus issues indicate that there is a need to
quantify the trade-offs between water uses across sectors and
borders. It also indicates the need for trans-sector, trans-border
cooperation. At a policy level this includes aligning longer term
national development with the realities of managing the strategic
resource base that is the Sava River Basin. The basin management
plan for example has a limited outlook as it covers six-year periods,
while national sector policies and directives (for those countries
subject to them) can span decades. Further, implications of
infrastructure decisions can last for a long time. Solutions for
addressing differences in planning cycles and geographic scale are
discussed further below.
The following are some examples of actions in one sector that
would positively impact on other sectors, creating synergies
that can be built upon to provide economic benefits. Solutions
related to governance issues of a cross-sectoral or transboundary
nature are also presented below. These examples originate from

dialogue with and suggestions made from stakeholders during
the assessment workshop. They do not represent a comprehensive
list but rather a series of examples of synergic actions. The aim
of describing those here is to motivate an extended cooperation
between borders and sectors, and over temporal scales.
The use of water for energy, agriculture and human settlements
are linked to each other, while impacts on water upstream has an
effect on uses downstream. Flow regulation and navigation related
works are also a case in point in which downstream developments
can also influence upstream activities. The drive to develop sectors
is often undertaken in isolation. Furthermore, these developments
are not necessarily made with the Sava River Basin explicitly in
mind.
Concrete opportunities are identifiable and some are listed in
chapter 7. Comparing projects, policy approaches, or coming
up with joint investments or with benefit-sharing arrangements
would be informed by appropriate quantification.
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6.1 NEXUS SOLUTION:
SAVA RIVER BASIN WATER MANAGEMENT AS AN ENERGY SECURITY MEASURE
Due to the role the Sava River is expected to play in the future, the
basin is a vital asset in terms of energy security. With 10 per cent
of total hydropower and 39 per cent of total thermal generation
in the region expected to increase, a greater share of national
energy generation is dependent on its water. Securing water
to existing and planned energy production implies – from an
energy perspective – benefitting from the infrastructure that has
already been developed for all countries in the basin. As water
use for hydropower is non-consumptive it does not need to be
incompatible with other water uses. Ensuring support to multiple
uses of reservoirs is important to maximize co-benefits. Of course,
environmental protection and the preservation of the valuable
ecosystems of the river has to be ensured both in the construction
and in the operation of the hydropower plant. As stated earlier,
guidance for sustainable hydropower exists for the Danube River
Basin as a whole (ICPDR, 2013).
Given the presence of thermal power generation facilities in the
Sava River Basin, ensuring water availability for cooling is necessary
to safeguard energy security for as long as countries are dependent
on it and/or if other substitute technologies are expensive to
replace in case of shortages. The different cooling technologies
are diverse with regard to their impact in terms of the amount of
water used. Again, environmental protection needs to be assured
with appropriate assessments of impact for each plant. In addition,
thermal pollution needs to be monitored carefully as it can heavily
affect habitats in the vicinity of water discharges.
Note that energy security, while a national policy priority in
most countries, will not necessarily be connected with water
management planning.

6.2 NEXUS SOLUTION: SAVA RIVER BASIN WATERS
ENABLE COUNTRIES TO MEET THEIR RENEWABLE ENERGY TARGETS

The Sava River Basin is central to riparian countries renewable
energy targets. Each country adopts long-term renewable energy
targets (RETs) set by the EU or Energy Community agreements.
Yet, our indicative analysis shows that Sava River Basin hydro
accounts for a high proportion of the RETs to be met by riparian
countries. Table 13 indicates exactly the proportion of renewable
energy expected to be derived from Sava River Basin water by
the countries that share the basin. However, there is a potential
mismatch between river basin management activities that typically
have a shorter time horizon (4–6 years) and national RE target
setting, which is typically undertaken with an outlook of more than
a decade. Given that longer term investment in RETs may affect
the infrastructure planned at basin level in the shorter term this
infrastructure may later need to be adapted, which may incur costs.
However, those costs will not be ‘visible’ in shorter term planning.

TABLE 13

Percentage of national Renewable Energy Target (RET)
contributions to be met by facilities dependent on and in
the Sava River Basin (SRB).
% RET in 2020

% of national RET on SRB in 2020

Bosnia and Herzegovina

60%

25%

Croatia

69%

10%

Montenegro

100%

36%

Serbia

46%

23%

Slovenia

44%

17%
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Every country has high and binding renewable energy targets.
Power plants connected to dams are characterized by great
ramping rates and can be used as a source of operating reserve
(obviously, if operating at full capacity they cannot ramp up any
further). Moreover, the potential for increasing renewable energy
potential is increased greatly by adding pumped storage power
plants.
When developing new hydropower or improving existing plants,
keep in mind the opportunity to integrate it with other renewables
such as wind and solar power, which will be key in advancing
towards renewable targets (and indirectly, towards GHG mitigation
targets) while responding to the growing need to have greater
flexibility in the energy system.
Cumulative impacts of small and medium-sized hydropower
facilities should also be considered, and adequate environmental
permitting procedures should be ensured to clarify where
additional hydropower capacity can be developed and that it is
done to minimize environmental impacts.

six-year time horizon, renewable energy (and GHG projections
and targets) will be ill-informed. Given that related energy and
mitigation policy can be binding, filling this gap requires an urgent
solution.

6.3 NEXUS SOLUTION:
WATER EFFICIENCY IN SETTLEMENTS
All Sava River Basin countries strive to improve wastewater
treatment, partly spurred by the EU Urban Wastewater Directive
but also to transpose EU instruments into national legislation.
This will come with a series of positive effects, as described earlier.
Interestingly, increased wastewater treatment provides a policy
option with strong cross-sector implications.

The Guiding Principles on Sustainable Hydropower Development
in the Danube Basin, which were developed and adopted in the
framework of the ICPDR, provides information about the different
planning options, such as the modernization and upgrading
of existing infrastructures, new facilities with fish passages and
minimum ecological flow, analysis of costs and benefits of projects
necessary to enable judgment on whether benefits to society
outweigh the losses to the environment, as well as mitigation
measures. Their practical application should now be promoted
so as to bring increased transparency and openness to decisionmaking by ministries and hydropower companies as it affects both
the water and energy sectors.

For funding the necessary infrastructure upgrades and extensions,
various possible actions have been recommended to the Sava
riparian countries, for example by UNECE (2015a, b) through
Environmental Performance Reviews so as to: ensure the financial
viability of utility companies and internalizing externalities by
gradually raising the tariffs to levels that allow for a full cost
recovery and reflect the real supply costs and increasing bill
collection rates (Montenegro, Serbia); regionalize communal utility
services to exploit the scope for public-private partnerships in the
provision of services (Montenegro); introduce individual metering
of water consumption (Serbia); establish autonomous institutions
operating on a financially sustainable basis and an independent
body to regulate prices and benchmark utility performance
(Slovenia); introduce secondary legislation with an unambiguous
fee structure and initiate collection of all fees and charges instituted
by it (Bosnia and Herzegovina), to mention just a few.

However, it is important to note that unless the potential impacts
of integrated water management are projected beyond its current

As the treatment of water requires energy, every unit of water
saved also improves energy efficiency. Thus, a nexus solution would
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include water saving measures in populated settlements as part of
energy efficiency programmes. Moreover, water saving efforts can
be inexpensive. For example, using low-flow showers and toilets
require a little extra outlay but it reduces water use and indirectly
reduces energy use. Including them in the energy efficiency goals
of the Sava River Basin countries will thus help realize energy
efficiency targets (as well as reduce water withdrawals). Even in
cases where water treatment is not yet in place, water efficiency
will help reduce load on the Sava River Basin in times of water
stress and low rainfall. Technology options that have low energy
requirements or that beneficially use the heat generated for
example, can also be considered.

BOX 2.
Benefits of energy saved thanks to improved water
efficiency
An illustrative example where such benefits were investigated is a case study
on New York City. While this is far from the Sava River Basin it is connected
in terms of the dynamics of water treatment in populated settlements. It is
estimated that if 2 million low-flow toilets were introduced, approximately
50 billion litres of wastewater (flow) every year (or more than 130 million
litres daily) would not require treatment. This would result in annual savings
of up to 80 TJ of electricity and more than 6,000 tons of CO2 (CO2e) emissions.
While not directly translatable, the principal is clear.76 Water efficiency not only
reduces water, it indirectly (if the water is treated) reduces energy, as well as its
associated emissions.

6.4 NEXUS SOLUTION:
WATER EFFICIENCY IN AGRICULTURE
Water saving irrigation will reduce energy use should water need
to be pumped to the field. Thus, shifting to lower flow irrigation

from current practice will not only result in lower water abstraction
but also lower energy intensity and reduced costs. However,
pressurized irrigation systems like drip irrigation have energy
requirements and should be assessed carefully.

BOX 3.
Complex impacts of modernizing irrigation and the
role of energy
Irrigated agriculture in Spain went through a rapid transformation from 2002
to 2009 and currently accounts for 40% of the country’s total water-related
electricity demand. Between 2002 and 2008 the use of drip irrigation systems,
replacing gravity irrigation systems, increased by 40%. The net electricity
consumed for irrigation increased by 10% per volume unit during the same
period. However, from 2006 to 2008, the price of energy increased by 30% to
70 % and energy consumption dropped, illustrating the complex dynamics
of the situation. Modernizing irrigation systems requires major investment
and there is a risk that water consumption will increase and returns will
decrease. Consequently, a thorough assessment of possible increases in energy
consumption must be made to determine how they can be met, at what cost,
and with what impacts on the environment (Hardy et al., 2012).

Improving water use efficiency can contribute towards improving
productivity and the economic viability of agriculture in the basin,
thus contributing to development. However, irrigated agriculture
is expected to increase. If groundwater is abstracted then pumping
will be required, which uses energy. Therefore, reducing the level
of water that needs to be pumped will consequently lower energy
requirements.
The simple graph in figure 31 calculates the cost of irrigation from
groundwater at different depths should irrigation be carried out in
the same plot of land currently irrigated. Recall that the Sava RBMP
anticipates a sixfold increase in the short term.

FIGURE 31

Extra costs incurred for doubling of irrigated agriculture over current levels. The blue line indicates current
irrigation patterns (and volume). The red line assumes drip irrigation.

76

Segerström, Rebecka, Mark Howells, Georgia Destouni, Vatsal Bhatt, Morgan Bazilian and Hans-Holger Rogner. Towards an urban CLEWs framework – a first iteration assessing water-energy interactions in the City
of New York. European Geosciences Union (EGU) General Assembly 2016, Geophysical Research Abstracts Vol. 18, EGU2016-14064.
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Currently, farming and irrigation is fragmented and draws on
groundwater, which is extracted at different depths. Efficiency
has also not been a strong priority, according to Volk (2010). As in
the case of water efficiency in human settlements, this would be
another instance of a water efficiency measure acting indirectly as
an energy efficiency measure. Thus, a nexus solution could involve
the adoption of water saving irrigation measures in agriculture as
part of water use efficiency programmes. As previously explained,
water-saving efforts can be inexpensive. In the case of agriculture
for example, the use of drip irrigation requires little extra outlay but
can reduce water use significantly. The long-term implications of
changing energy requirements of irrigation need to be considered,
though so do water quality requirements. The application of
techniques like drip irrigation in the Sava River Basin countries
could be assessed to determine where it could be feasible and
beneficial (possibly in vineyards, orchards, and so on) and where
it could also contribute to energy efficiency targets. In the case
of groundwater, the depth from which the water is extracted will
determine the relationship between the water and energy saving.

6.5 NEXUS SOLUTION: VALUING WATER BY SERVICE AND LOCATION

The valuation of water resources by sector and region will help
provide insights so that trade-offs can be made in a rational manner.
It also provides a better basis for consultation and negotiation
among the different interests. This is required to understand the
relative importance and cost of all the aforementioned trends,
issues and solutions, among others. Not only will this help allocate
key resources, it will also help focus on supporting initiatives
such as improving monitoring, control and flow forecasting and
simulation. That valuation should take place not only in direct
economic terms, i.e. the opportunity cost of withdrawing water
from the system, but also in terms of strategic value such as energy
security or socially important environmental assets.
As was previously shown, extracting water in one part of the basin
has effects elsewhere. For instance, extracting water upstream,
especially in times of water stress, can have potentially serious
downstream effects with direct impacts that include lower
hydropower generation. Similarly, this would affect different water

users and their various needs in terms of irrigation, sediment
control, settlement requirements, navigation, and ecosystem
support. The effects of the biggest user, i.e. hydropower (showing
the importance of 1 m3/s in the system) was explained earlier in
this report. Similar mapping, not only for energy but also for other
users, would help provide the basis for evaluating available options.
Appropriate tariff structures for water and electricity provide
incentives for more sustainable use. The EU Water Framework
Directive provides criteria for establishing water-pricing schemes
and introduces the concepts of cost recovery, the ‘polluter pays’
principle and incentive pricing. Charging for agricultural water use
can also have a significant impact on reducing water use, but the
societal implications and impacts on food price would also need
to be considered. The OECD provides guidance for finding the
right mix of revenues from tariffs, taxes and transfers, as well as for
moving towards an improved coverage of operation, management
and even investment costs from tariffs (OECD, 2009).
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6.7 NEXUS SOLUTION:
DEVELOPING PRAGMATIC ECOSYSTEM
EVALUATION
Potential expansion or intensification of agriculture and changes
in flow regimes can impact key ecosystem services but this
depends on how it is done. These ecosystem service provisions
have been discussed earlier. However, their evaluation is critical.
For example it is not clear what the value of a forest might be
in any given setting in terms of its potential for flood control (as
natural infrastructure), as a carbon sink, or as an integral part of
a habitat whose biodiversity provides us with oxygen. Accounting
for adequate ecological flows in planning development helps to
sustain valuable ecosystem services.

6.6 NEXUS SOLUTION:
INCREASING FLEXIBILITY WITH
MULTIPURPOSE DAMS
It has been shown that water holds different values for the various
sectors in the different parts of the river basin, providing the
potential to:

• sensibly manage the rational allocation of water (especially in
times of shortage or during changes in charging and discharge);
• enable infrastructure in the basin to cope with flood events; and
• maintain flows that support ecosystems.
Coordinated reservoir management and multipurpose dams
possess great potential. Once the value of transboundary and
trans-sector water has been determined allocation rules can be
developed and, once developed, such reservoirs can help provide
a way of usefully allocating water to the different uses. To do this,
the operation of reservoirs and the allocation of water can be
harmonized based on projected demands and weather forecasts,
while reducing spillage. There might also be pre-emptive emptying
to adapt to or buffer flood events. While the valuation of water in
its different uses can be instructive, not all uses and functions can
be meaningfully valued. In any case, the different interests of users
should be considered so that sensible needs are met, particularly
the human needs of the basin.

There is great potential in all the Sava River Basin countries to
make further use of incentive pricing policies, e.g. to encourage
enterprises to adopt pollution abatement measures and the
application of good practices, and to improve enforcement of
related regulations. For example, UNECE recommended that
Bosnia and Herzegovina (in its Environmental Performance
Review) strengthen compliance with the ‘user and polluter pays’
principles through adequate penalties and enforcement (UNECE,
2011). In the Environmental Performance Review of Montenegro,
the country was reminded to take into account the complementary
roles of pollution charges, and stringent regulation of pollution
charges, and stringent regulation of pollution sources in achieving
an effective environmental policy mix.
The payment of ecosystem services (PES) schemes can provide
financial mechanisms for the protection and enhancements of
water related ecosystem services such as carbon sequestration,
biodiversity conservation and landscape beauty. It is crucial
to create mechanisms for measuring/valuing services that are
not valued by current markets. In order for PES schemes to be
successful it is necessary to identify how the additional provision
of these services can be administered in a more cost-effective way,
as well as decide which land managers should be compensated for
providing more of these services, while determining how much
they should receive.
Establishing the collection of relevant information concerning
environmental fees, as well as the impacts they may have, can help
focus efforts in a more effective way.
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6.8 NEXUS SOLUTION:
GREENHOUSE GAS MITIGATION PLANNING TO ALIGN WITH WATER MANAGEMENT ACTIVITIES
All GHG mitigation measures affect the Sava River Basin, though
there is a special relationship with hydropower, as was discussed
earlier. An integrated approach that considers these effects has the
potential to develop strategies that are consistent. Every country
adopts long-term GHG mitigation targets or policies either through
the United Nations Framework Convention on Climate Change
(UNFCCC) or EU agreements, yet our indicative analysis shows that
hydropower in the Sava River Basin accounts for a high proportion
of the GHG mitigation that takes place in riparian countries. Table
14 indicates the exact proportion of expected GHG mitigation
that will depend on Sava River Basin water, in particular including
hydropower and nuclear power. The Sava River Basin is therefore
central to GHG mitigation efforts. However, as with energy (and
renewable) targets, there is a potential disparity between river
basin management activities that typically have a shorter time
horizon (4–6 years) compared to GHG mitigation target-setting
that is typically undertaken with an outlook of several decades
or more. Given that longer term investment in nuclear and RET
may affect planned infrastructure at the basin level in the shorter
term, this infrastructure may later need to be adapted, which may
incur added costs. However, those costs will not be ‘visible’ in
shorter term planning. Additionally, other trends affecting Sava
River Basin waters may simply suggest that expected load factors
and the potential for GHG mitigation are simply not attainable.
However, those possibilities are neither systematically quantified
nor communicated.

TABLE 14

The contribution of Sava River Basin (SRB) infrastructure to meet national GHG mitigation goals.
Est. electricity emissions in 2015 (Mt CO2)

Est. electricity emissions in 2030 (Mt CO2)

Renewable energy to nuclear ratio in the
SRB, i.e. per cent of that saving attributable
to the SRB

BA

10.3

5.6

48%

HR

0.2

1.3

33%

ME

0.6

0.0

26%

RS

18.3

6.2

48%

SI

6.3

4.8

53%

Other cross-sector strategies would include: minimizing water
and fertilizer use in biofuel crop cultivation; promoting nonhydro mitigation options, such as wind power, energy efficiency
or biomass, to release future impacts on the river; considering
active management of the hydrosystem (and its expansion); and
increasing potential pumped storage schemes, allowing higher
renewable potential. Finally, as increasing energy efficiency reduces
emissions and stress on energy resources, such as on the Sava River
Basin water and dependent ecosystems, actions and activities that
achieve this should be prioritized.

6.9 NEXUS SOLUTION:
ADAPTING TO CLIMATE CHANGE
Adapting to a changing climate effectively requires planning
under uncertain future conditions. There are recommendations
for climate change adaptation that go beyond drought or flood
scenarios. These include:

• Understanding the minimum critical supply to secure food,
energy, water and shelter requirements.

• Adapting advanced and flexible management regimes to
improve forecast accuracy and the ability to simulate the effects
of changes in climate both directly and through the nexus.
• Ensuring operational flexibility throughout the water sector, as
well as coordination with other sectors. For example, in times
of forecasted shortage it is important to ensure that electricity
operators are aware that alternative power plants should be
made ready.
• Valuing the economics of water use in all consuming sectors
is required in order to help proactively develop allocation and
operational rules. While water is not valued systematically across
sectors or borders, all sectors need to consider and assess it.
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• While ecosystems may provide services, such as forests
capturing carbon, which have long-term impacts, there are
shorter term impacts and services that need to be managed,
evaluated and measured, particularly as ecosystems also have
intrinsic value.
Noted earlier, the impact of climate change will transform trade
and investment in the Sava River Basin. The effects include a
redistribution of power generation with certain countries likely to
generate more and others less hydropower. Consequently, this will
affect investment, operation and trade across the region.
As summarized in the Guidance on Water and Adaptation to Climate
Change77, there are various reasons that make transboundary
cooperation to climate change adaptation beneficial and which
reduces uncertainty and lowers costs, including:

• Averting potential conflict by preventing negative impacts
through unilateral adaptation measures in riparian countries.

• Enabling more effective and efficient adaptation thanks to:
• a wider knowledge base;
• larger planning space: implementing measures in the
basin where they have optimum effect; and
• the possibility to share costs and benefits.
There are however discrepancies in planning for climate change
adaptation. For example, an activity might require a decadal
outlook while river basin management planning occurs over a
4–6 year cycle. This suggests that neither the knowledge required
to inform on critical measures for climate change adaptation is
being generated nor is there proactive inclusion of adaptation
considerations in the development of short-term Sava River Basin
investments. A key solution therefore would be to bridge this gap.

77

UNECE, Guidance on Water and Adaptation to Climate Change (New York and Geneva, United Nations Economic Commission for Europe, 2009).

CHAPTER 6: INTER-SECTOR, TRANSBOUNDARY ‘NEXUS SOLUTIONS’ AND SYNERGIES | 76

6.10 NEXUS SOLUTION:
DROUGHT ADAPTATION

6.12 NEXUS SOLUTION:
NAVIGATION AND SEDIMENTATION

A comprehensive list of drought adaptation measures that would
be judicious to adopt (and that could affect other sectors) can be
found at WMO-GWP (2014), and they include:

Navigation and sedimentation are affected by a number of activities
and new infrastructure is likely to impact the Sava River Basin. Key
activities relating to navigation will include flow management to
maintain river depths. This will necessarily cut across all sectors.
As noted in the Sava RBMP, other developments that will require
special attention are related to:

• Economic evaluation of the impact of droughts from an
•
•
•
•
•
•

economic and security point of view.
Understanding the broader nexus impact of droughts, e.g. low
electricity generation equaling an economic shutdown.
Development of an allocation regime during times of stress that
ensures water availability for priority uses, which should include
direct effects and broader nexus effects.
Increasing water and energy efficiency.
Increasing the operational flexibility of water infrastructure.
Maintaining sufficient quantities of floodplains.
Increasing water-retaining organic matter in the soils.

From a food security perspective, in order to adapt to changed
climatic conditions it is necessary to ensure a sufficient amount of
water for the construction of irrigation systems on agricultural land
that is suitable for irrigation.

6.11 NEXUS SOLUTION:
ADAPTING TO FLOOD EVENTS
Coping with increased flood events can include several direct
actions. Given that these are linked to other sectors indirect actions
may also be useful. The Sava RBMP has identified a key set of
measures to help adapt to flooding, which include:

• Targeted land use and spatial planning regulations.
• Improvement in efficiency of existent (and/or the creation of
new) retention and detention capacities.
In particular, an important and ongoing activity is the development
of the flood risk management plan for the Sava River Basin in
accordance with Directive 2007/60/EC and in coordination with the
reviews of the river basin management plans provided for in Article
13(7) of Directive 2000/60/EC.

• river sections that require fairway development with the related
effect on ecological and water status; and

• river sections that require ecological preservation/restoration
and the related effects on navigability.
Sediment control requires concerted action from the different
sectors. An important step in understanding how best to tackle this
includes the adoption of the Protocol on Sediment Management
to the FASRB, the text of which was finalized in January 2015. The
Protocol stipulates the development of the Sediment Management
Plan for the Sava River Basin to be adopted by the Parties no later
than six years after the Protocol enters into force and to be revised
in subsequent six-year cycles, which will include a set of measures
addressing the quality and quantity of sediments.
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6.13 NEXUS SOLUTION:
INTERSECTORAL COORDINATION
Greater intersectoral coordination to help implement the
solutions previously mentioned is needed on both the national
and transboundary levels. On the national level, this requires that
consideration be given to points of contact between the various
sectors both in terms of institutional relationships and legally
mandated processes and procedures.
On the strategic level, technical nexus analysis can help increase
understanding of complex interactions among rival uses of natural
resources. This analysis can then become instrumental in adjusting
overarching national policy frameworks, including development
policies, sustainable development policies and land use policies,
which in turn will have an impact on sectoral policymaking. The
uncertainties associated with climate change add to the need
to engage in complex analysis. Experience in the application of
Strategic Environmental Assessments or SEAs provides a template
or jumping-off point for more complex processes that involve the
consideration of additional sectors.
Inevitably, during the process of reviewing strategic decisionmaking with relevance to the nexus, it will be necessary to
address some of the current obstacles to its application, including
differences in planning cycles and the geographic scale of decisionmaking.
Governments in the region have established entirely new
ministries specifically aimed at EU integration with cross-sectoral
responsibilities. Existing intersectoral structures could perhaps be
used to a greater extent and built on to strengthen intersectoral
coordination, taking into account the considerations mentioned
below. For truly integrated planning to happen and deal with nexusrelated issues, existing procedures and institutional structures are
expected to reveal limitations.
With these considerations, States could specifically:

• Examine their experience with SEA with the aim of expanding
the use of nexus analysis within it.
• Reconsider the mandates of ministries and intersectoral bodies;
• Analyze and consider the different timeframes and geographic
scales for planning in different sectors.
At the level of specific decision-making, the history of sectoral
specialization in Sava riparian countries presents obstacles in
shifting thinking towards finding holistic solutions. Training
and education can raise awareness to some extent and are
indispensable in understanding the need to consider the broader
consequences of regulatory action. However, changes to law and
policy are required to ensure that intersectoral coordination at the
decision-making level is institutionalized.
Governance of the nexus can be improved by effecting integrated
decision-making to a greater extent. Joint decision-making in
terms of necessary approvals in the permitting process represents
an important tool that can help ensure intersectoral coordination.
The Sava riparian countries have a growing body of experience
in the implementation of laws aimed at achieving conformity
with or approximation to the EU Directive on Integrated Pollution
Prevention and Control (IPPC). The number of controlled
installations may not yet be high in some countries but these initial
steps in applying complex permitting can be built upon. On the
decision-making level, States could therefore:

• Expand the scope of activities covered by integrated permitting.
• Adjust integrated permitting processes and procedures to take
into account findings from the nexus assessment.
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6.14 NEXUS SOLUTION:
REVISION OF ORGANIZATIONAL MANDATES
Due consideration of the nexus analysis on the national level can
set the stage for review or effect new determination in terms of
priorities in international relations. A thorough analysis of existing
frameworks for international cooperation should be undertaken in
order to determine where the gaps remain. For example, in the Sava
River Basin the ISRBC has for years provided a strong framework
for cooperation on a range of issues related to the integrated
management of the Sava River Basin. However, it has limited reach
and capacity to engage with the agriculture and energy sectors in
the Sava riparian countries. Involvement of these sectors generally
takes place only indirectly through the State representatives on the
Commission. The findings of the nexus assessment demonstrate
that energy generation significantly depends on and is influenced
by water resources. As agricultural water use is expected to increase
in the future, developing coordinated actions would be beneficial.
In the energy field in particular, regional interdependencies shape
long-term arrangements. The planning cycle tends to be longer
and the extent of investment and the mobilization of resources
reduce flexibility in decision-making. It is critical, however,
that opportunities for communication and the integration of
considerations across sectors should also be enhanced on the
regional or transboundary level. Again, climate change emphasizes
the importance of holistic approaches, States could therefore:

• Assess the options for expansion of the ISRBC mandate to cover
additional subjects relevant to the nexus assessment.
• In parallel, conduct a full assessment of other existing
transboundary arrangements in order to determine points of
contact with the work of the ISRBC.
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6.15 NEXUS SOLUTION:
TRANSPARENCY AND ACCOUNTABILITY
The quality and reliability of information is perhaps less concerning
in the Sava River Basin than in other river basins, but the
accessibility, use and application of existing information continue
to be important considerations in ensuring that nexus solutions
are intelligent, robust and complete. The interdependency of the
various planning and approval decisions taken in the different
relevant sectors, and the chance that the effects of a wrong
decision could skew the entire nexus analysis, means that it is
critically important to ensure balance across sectors in terms of
transparency and accountability.
While there are several mechanisms for assessing performance in
this area, two merit special mention:

• A set of ‘environmental democracy indicators’ specifically
relevant to the Aarhus Convention are currently under
development.
• United Nations Institute for Training and Research (UNITAR) has
developed a National Profile Assessment on Rio Principle 1078
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that has the benefit of taking an intersectoral approach. Thus, it
has the potential to identify imbalances in the application of Rio
Principle 10 between sectors.
Moreover, sectors may have very different cultures of participation
based on the composition of society and the history of relations
between the relevant authorities and stakeholders, not to mention
the effects of planning cycles, geographic scales and the mix
of decision-making based upon subsidiarity. For example, in
the Sava River Basin hydropower offers very high potential for
development, which has been recognized for a long time, but in
many cases long-standing plans for hydropower development
have not been implemented. The status quo is thus a standby
situation that does not acknowledge the reconsideration of
plans and policies in this area and has the effect of limiting the
participation of stakeholders. In such instances, the rejuvenation
of participatory processes aimed at re-examining opportunities for
economic, social, environmental and transboundary benefits can
be essential. A detailed understanding of potential imbalances in
participatory cultures across sectors therefore needs to look not
only into proforma opportunities, but must also take into account
the obstacles to effective participation.

Principle 10 sets out three fundamental rights: access to information, access to public participation and access to justice, as key pillars of sound environmental governance. For more information and to download
the publication Guidance on preparing a national profile to assess national capacities for implementation of Principle 10 of the Rio Declaration:
http://www.unitar.org/egp/sites/unitar.org.egp/files/p10_EN_guidance.doc_np.final_12.2008.pdf
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THE SAVA RIVER BASIN
Map of the Sava River Basin showing the main geographical features and illustrating the distribution of nexus components of energy and food
(land and agriculture), and indicators of agricultural production at national level. Hydropower is not included in the pie chart of major water uses.

FIGURE 32
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CHAPTER 7

Discussion: selected observations
Water use and water supply affects – and is affected by – the
use and provision of economic activities including industry
and mining, agriculture, energy generation, and transportation
among others. Social development requires water, as do culturally
significant and vital ecosystem services. This report has indicated
where some of these interlinkages can be found. In summary, it
is clear from a national policymaking point of view that the Sava
River Basin is critical in ensuring energy security, water security,
job security and the environmental integrity of the region. The
assessment also demonstrates that sectoral policies and plans have
implications across sectoral mandates and require resource inputs
that coordinated management can help bring about in terms of
sustainable availability.
As water resources of the Sava River Basin are fundamental for
the economic development of the region, whose impacts from
development can spread across borders, the FASRB and the ISRBC
(as its implementing body), provides an important framework for
exchanging information and coordinating plans to ensure their
compatibility and a return on investment. The fact that the ISRBC
brings together different sectors’ representatives can help achieve
more sustainable development.
Climate change and land use changes driven by political,
demographical and economic factors will have consequences for
the balance between water availability and water demand of the
various sectors. Pressures driving the utilization of the Sava River
Basin water, land and ecosystem services are strong and include
increases in demands for water, energy, agriculture and transport,
among others. Those pressures are manifest in long-term scenarios.
The outlook and long-term target-setting of many of the sectors is
shaped by EU instruments and policies. Many scenarios developed
for resource planning have focused on the long term. The Sava

River Basin Management Plan is based on short-term planning
following the Water Framework Directive (WFD) requirements,
whereas six-year cycles are foreseen. As a result of the difference
in scope with regard to planning, the new integration of actions to
ensure a timely flow of information, plan-sharing and participation
of the different users and interests is needed.
While selected and purely indicative estimates of some quantitative
intersectoral relationships were made, these have proved to be
substantial and warrant follow-up. They include the nexus between:

•
•
•
•

Water-Energy-Emissions
Climate change-Agriculture-Water-Energy
Groundwater extraction and energy use
Flooding and droughts as a systemic cross-cutting risk (this risk
can place stresses on the different, related systems; sometimes
in the same direction, amplifying the effect)
• Sedimentation and navigation requiring complex cross-cutting
management

• The provision and harvesting of ecosystem services
Separate models and tools have been developed for specific
resource flows and dynamics (water, sediment transport,
climate change, and so on), but quantifying the interactions and
determining the spatial distribution of effects in the Sava River
Basin is difficult with the existing tools. Preliminary results from
regional climate modelling and downscaled impacts on the
hydrology suggest an increasing flood risk in the coming decades,
especially in the downstream part of the Sava River Basin. However,
the risk is heavily influenced by sectoral developments in the
riparian countries.
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Modelling results from the JRC suggest that significant crop yield
increases could be obtained in the Sava River Basin by optimizing
irrigation. Increased irrigation might substantially impact on
surface water and groundwater flow, especially in the lower Sava
Basin during dry periods.

• The Sava River Basin is central to electricity development in

There are opportunities for the Sava countries from furthering
intersectoral work and observing the mutual benefits:

• Small and medium-sized hydropower is currently developed
in some parts of the Sava River Basin in particular. Hydropower
supports economic development and also allows for the
integration of other forms of intermittent renewable energies.
Among the drivers are the targets set for the increase of
renewable energy forms in the energy mix in EU member States
and in the Energy Community Contracting Parties. However,
the development of hydropower risks impacting negatively
on ecosystems unless adequately regulated. Clarity about
the zones and conditions of hydropower development would
lead to a more efficient allocation of efforts and funding, and
would improve coherence between energy and environmental
policies.
• As financial resources for infrastructure investment are limited in
parts of the region, seeking solutions and designs that support
multiple uses is recommended. With the perspective of sharing
benefits; sharing costs could also be discussed.

•

•

•

From spatial analysis and modelling it was found that:

• Higher levels of irrigation would reduce water availability

for hydropower generation on some of the tributaries.
Displacement of hydropower with alternative sources incurs
costs and greenhouse gas emissions.
• The impact of climate change will change the need for and
the dynamics of trade and investment in the Sava River
Basin. The effects include a redistribution of power generation.
Certain countries are likely to be able to generate more, and
others less hydropower. This will affect investment, operation
and trade in the region.

•

•

the region. A high proportion of new power plant investment
in the riparian countries will likely be linked to the Sava River
Basin water. For example, thermal and nuclear power plants
require water for cooling. By 2030, approximately 30 per cent of
new thermal power plants and 19 per cent of new hydro plants
of all riparian countries are expected to rely on Sava River Basin
water.
The Sava River Basin is central to riparian countries’
renewable energy targets. The Sava River Basin hydro accounts
for a high proportion of the RETs expected to be met by riparian
countries, accounting for between 10–36 per cent of the Sava
River Basin country national RET contributions. It is therefore
central to the long-term energy strategies of each country.
The Sava River Basin is central to the riparian countries’ GHG
emissions targets. The Sava River Basin hydro investments
account for a high percentage of the CO2 mitigated. By 2030,
this corresponds to almost 43 per cent of the total riparian
countries’ mitigation targets. The Sava River Basin is therefore
central to the long-term GHG mitigation strategies of each Sava
River Basin country.
With new investment in hydro comes potential new investment
in multi-functional reservoirs. Approximately 200 MW of
hydro will be built in the region with reservoirs, which may help
serve as flood control, maintaining appropriate navigation
depths and optimizing investments and the utility to be gained
from the water.
Flood control will continue to be important for power plant
cooling as new thermal power plants will necessarily be built
in downstream countries. Yet during times of flooding, when
power is in high demand, flooded cooling systems can cause
generation failures.
Discrepancies exist in target-setting for GHG mitigation,
renewable energy deployment and the Sava RBMP cycles.
Both GHG and renewable energy deployment targets are
made with several decades in mind and will sharply shape the
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development of the Sava River Basin involving the deployment
of billions of euros. Yet the management plan has only a six-year
time horizon and thus blind to longer term development, even
though it needs to inform it and be informed by it.
Several key needs emerge from this assessment, including notably
the following:

• Secure minimum flow requirements for key demands to
•
•
•

•

•

•
•

ensure that direct and indirect (nexus) water needs are met
during times of water stress.
Develop more detailed, quantified mapping of nexus
relationships, which should be carried out between sectors
and between countries.
In line with initiatives such as ‘Resource Efficient Europe’79 ensure
that resource efficiency looks beyond sectoral mandates.
Consider increasing the time frame of Sava River Basin
management planning scenarios such that they might react
or inform national economic, social, environmental (GHG
mitigation and adaptation), energy, agricultural and other longterm strategy documents.
Invest in flexible management systems that move across
sectors and countries in order to manage the nexus. There
should be an investigation as to how this would involve crosssector coordination.
Invest in flexible infrastructure such as multipurpose dams,
allowing increased flexibility in operating and planning the
water of the Sava River Basin. Ensure consultation of different
interests.
Consider expanding pumped storage, as well as non-hydro
renewables, and assess related implications carefully.
Develop detailed management plans that support other
sectors to meet the goals of the FASRB, or have the ISRBC
communicate to actors in other sectors, which would include,
among others:
• agricultural extension services that are water, energy, pollution
and ecosystem aware; and
• sediment control that requires, for example, coordination with
enforcement to stop illegal quarrying and so on.

By adopting a nexus approach to the management of the Sava Basin’s
resources, Sava countries can exploit many potential benefits. The
results of a rapid scoping of those benefits is summarised in Table
15. Table 15 follows the analytical framework for analysing the

benefits of transboundary water cooperation developed according
to the UNECE’s policy guidance note on identifying, assessing and
communicating the benefits of transboundary water cooperation.80
All the benefits of adopting a nexus approach to the management
of basin resources are ultimately enjoyed by individual countries.
In some cases, the benefits are only enjoyed by the country that
takes action. In many cases, however, the actions of one country
generate benefits in other countries (transboundary dimension).
When potential individual solutions are evaluated ex-ante, it may
be possible to identify and to some extent assess which benefits are
enjoyed nationally and which ones are enjoyed by other countries.
However, considering the aggregated benefits of a package of
potential measures would justify more ambitious action than
would be the case if each measure is evaluated only individually.

TABLE 15

The benefits of transboundary cooperation on the nexus issues in the management of the Sava Basin’s resources
On economic activities

Beyond economic activities

From improved
management of
basin resources

Economic benefits
• Increased viability of economic activities relying on basin resources
• Development of agricultural sector and its value added
• Development of sustainable river tourism
• Reduced economic costs of water-related hazards (floods and droughts)
• Reduction of transport costs or increased volume of traffic (thanks to
increased capacity and use of better maintained waterways)
• Reduction of energy costs (thanks to optimisation of potential energy sources)
• Reduction of water infrastructure costs (thanks to avoidance of duplication
and sub-optimal location)

Social and environmental benefits
• Employment creation (e.g. in agriculture and tourism sectors)
• Reduced human costs of water-related hazards (e.g. floods)
• Health benefits from improved water quality
• Improved water services for users
• Improved recreational opportunities from improved water quality and
healthier ecosystems

From increased
trust among Sava
countries

Regional economic cooperation benefits
• Increased trade through waterways
• Development of regional markets for goods, services and labour
• Increased cross-border investments

Geo-political benefits
• Improved likelihood of complying with EU requirements and regional
targets (e.g. regarding status of waters, renewable energy targets and
agricultural policy)

79
80

For more information: http://ec.europa.eu/resource-efficient-europe/
UNECE, Policy Guidance Note on the Benefits of Transboundary Water Cooperation: Identification, Assessment and Communication (New York and Geneva, United Nations, 2015).
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Conclusions and recommendations
The Sava Basin’s resources play a key role in the development in
each riparian country. As it has been discussed above, energy, water,
land and environmental resources in the Sava Basin contribute to
economic development and employment generation, and they
have the potential to increase that contribution to developments
in resource-based sectors such as agriculture/agro-industry and
tourism.
The basin’s resources are under increasing pressures. Growing
demand for energy is driving the expansion of energy system
investments, which are closely linked with water availability.
Growing water demands from several sectors often go together
with decreasing water availability under climate change. Land use
changes driven by socio-economic factors and climate change will
exacerbate the impact of flood risks and water scarcity.
Most links between countries and sectors in the basin take
place through water resources. The Sava Basin’s water resources
are central to electricity development in the region – by 2030
approximately 30 per cent of new thermal power plants and 19
per cent of new hydropower plants of all riparian countries are
expected to rely on the water resources of the Sava Basin. Flood
control will continue to be important to avoid power generation
failures due to malfunctioning of thermal cooling systems –
especially as new power plants are built in downstream countries.
The impacts of climate change will be felt in the energy and
agricultural sectors through changes in the availability of water
resources. Controlling erosion and sedimentation would benefit
agriculture, land management, extractive industries, navigation
and water resources. Water resources need to be managed to meet
direct and indirect (nexus) needs at all times – including through
minimum flow requirements.
From the perspective of hydropower generation, water upstream
is of higher cumulative value than water downstream as it can be
used for hydropower generation in more power plants than water
further downstream. The notion of water value across the basin can
inform the prioritisation of actions.
The trade-off between hydropower development and agricultural
expansion needs to be carefully managed. Hydropower
investments in the Sava Basin are key to achieving climate change
mitigation targets in the region (by 2030, 43 per cent of carbon
dioxide reductions in the riparian countries is expected to come
from hydropower investments) as well as to national renewable
energy targets (between 10-36 per cent of depending on the
country). The modelling results suggest that significant crop yield
increases could be obtained by optimising irrigation. However,
increased irrigation might have substantial effects to surface water
and groundwater flow, especially in the lower Sava Basin during dry
periods. Expected higher levels of irrigation would reduce water
availability for hydropower generation some of the tributaries –
increasing energy costs and greenhouse gas emissions.
The strong demand for hydropower provides the opportunity to
invest in multi-functional infrastructure or to adopt designs that
minimise impact on the environment. Approximately 200 MW of
hydropower generation will be built in the region with reservoirs.
These reservoirs may help serve as flood control, maintaining
appropriate navigation depths and rationalising investments and
maximising the utility to be had from the water. Irrigation and
drainage systems’ development could be done taking into account
effects on flood response.
Responding to the challenges and seizing the opportunities
requires stronger multi-sector and transboundary planning.
Measures addressing single challenges in individual sectors a single

cannot be taken any longer in isolation. They need to be evaluated
in a multi-sectorial environment in order to recognise and manage
the trade-offs – for example, building hydropower dams for energy
targets and dykes for flood protection might conflict with EU
Water Framework Directive aims such as hydro-morphology and
ecological status. The linkages between sectors and countries,
as well as the broader social and economic impacts, need to be
recognised and better understood in order to prioritise actions in
the different countries and sectors. Planning across sectors needs
to be better aligned in terms of timescales – currently, the energy
sector is defining investment plans with decades of anticipation
while river basin management plans have six-year horizons.
Consultation on national and sectoral development strategies
through ISRBC, taking into account basin-level impacts, would be
beneficial to that end. At the same time, differences in governance
frameworks for different sectors or uses need to be acknowledged
and taken into account.
Preparation of River Basin Management Plans supports valuable
engagement with a broad range of stakeholders at the
transboundary level but improving coordination with energy
and agriculture sectors would be an important reinforcement
to its scope. The strategic environmental assessment (SEA) is an
effective tool to assess the impact of energy, water management
and agricultural programmes and policies on ecosystems and to
synchronize competing objectives, as well as to ensure proper
public participation.
The Sava Basin already has in place a multi-sectoral platform for
transboundary cooperation. The International Sava River Basin
Commission allows for different interests to be heard when issues
of concern related to use and protection of water resources are
being discussed. It facilitates the harmonization of approaches,
application of jointly developed guidelines and principles –
for sustainable hydropower, navigation and environmental
protection. EU policies and processes represent both a driver
and an opportunity to improve management of the nexus – for
example the EU initiative to improve resource efficiency beyond
sectoral mandates.
More intense transboundary cooperation on the management
of basin resources will bring additional real benefits. This does
not apply just to transboundary water cooperation. For example,
the different energy generation and storage capacities make up
valuable complementarities which can add to the energy security
for all the riparian countries.
Ultimately, stronger and more coherent national policies, based
on reliable information covering different sectors, are needed
to “manage the nexus”. They are needed, for example, to resolve
existing water allocation conflicts. Multi-sectoral assessment
processes, such as Strategic Environmental Assessment including,
can support the development of more coherent national policies.
Development of broad, open, transparent and efficient platforms
for reliable, high-quality data to serve as the foundation for highquality decision-making merits focused efforts. Supporting and
up-grading the currently uneven monitoring capacities would
improve inputs.
This nexus assessment only provides an overview of the
importance of the basin’s resources, the inter-sectoral linkages,
potential solutions and untapped benefits. Further analytical,
stakeholder engagement and planning work will be needed
to identify precise governance reforms, policy measures and
investment opportunities to address the challenges and seize the
opportunities.
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APPENDIX B: ENERGY MODEL OF THE SAVA RIVER BASIN COUNTRIES
In this section the aspects of the illustrative model developed
for aspects of the water-energy analysis by the Energy Systems
Analysis group of the Royal Institute of Technology (Stockholm)
are described. Note that the model was developed to investigate
selected scenarios and it is consistent with the extensive work
described in the WATCAP analysis (Heywood, 2013). The scenarios
developed in this model, while technically consistent, are fictitious
thought experiments. They are nevertheless useful as they
provide insights into the techno-economic value of water in the
river with a special focus on the water-energy nexus. The model
undertaken by the JRC is linked with detailed descriptions of water
uses and includes water for agriculture. In addition, it provides a
detailed overview of several aspects of the integrated cross-sector
transboundary water use scenarios.
The Sava River Basin Energy-Water (SRB-EW) model was developed
using the modelling platform software called the Open Source
energy Modelling System (OSeMOSYS), which is a dynamic, bottomup, multi-year energy system model applying linear optimization
techniques. The modelling platform is described in Howells et al.
(2011) and has been used for related studies by the World Bank and
the United Nations Department for Economic and Social Affairs
(UN-DESA). The modelling system is a flexible framework within
which the actual model is developed.
The OSeMOSYS requires input of a range of data and involves
populating the model with a set of demand projections and a
database of power supply technologies characterized by economic
and technical parameters, as well as information regarding the
existing resource stock and remaining life span. Further, the use
of water for cooling and water throughput for hydro-generation
is explicitly modelled. The SRB-EW model was developed
by populating the OSeMOSYS with the database of energy
infrastructure and was calibrated to reflect the energy systems
in each country in the Sava River Basin for 2012. The platform
allows the model to be guided by so-called ‘constraints’ that reflect
policies, resource availabilities and scenario assumptions. The
model calculates an evolution of technically feasible technology
mixes that achieve the least-cost objective (i.e. minimal total system
costs) while meeting the various predefined constraints and set of
demands. The model’s ‘solution’ includes inter alia an investment in
new technologies, production, fuel use and trade. Economic and
environmental implications associated with the identified leastcost energy systems can be easily calculated with the model.
In the SRB-EW model, each country is modelled as a separate
node interlinked by transmission lines. Each node (representing

the power system of a single country) is characterized as shown
in figure A1. The SRB-EW model includes four types of power
generation options: existing power plants; power plants to be
commissioned; site-specific power plants under consideration; and
non-site-specific, generic power plants. Transborder transmission
infrastructure is explicitly modelled as well. Each power plant is
then identified in terms of whether it is dependent on the Sava
River Basin, and its location is defined or estimated.
Once the demand is specified, a technically feasible, least-cost
combination of energy supply technologies that meet the given
demand while satisfying all the constraints is computed by the model
for the specified modelling period, i.e. 2015–2030 for each year. In
order to assess the least-cost system costs, the sum of discounted
costs of investment, operation and maintenance, and fuel costs is
taken into account. For these costs a discount rate of 10% is assumed.
The year is split in twelve seasons, each one corresponding to each
month of the year. Each season is characterized by one-day type
divided into three blocks (day, night and peak) according to the
varying total electricity consumption and load curves for 2012.
In total 145 different types of generation technologies are
considered in the SRB-EW model, representing a total of 636
technologies identified in the database. For each type of technology
and fuel type, two groups were created according to their location
inside or outside the Sava River Basin. The only exception were the
hydropower plants located in the basin, which were represented
individually for the case of large power plants (more than 10 MW)
and – in the case of Bosnia and Herzegovina – grouped according
to the respective Sava tributary. As for small hydropower plants in
the Sava River Basin, for each country their capacities were added
up, constituting a separate technology. At this stage, decentralized
options were considered together with centralized electricity
production technologies. Demand by country is summarized in
figure A2.
In regard to the domestic fuel production technologies, included
in the model, these account for the specificities of each country's
endogenous sources profile.
Existing and potential power plant levels are indicated in the body
of the report. Interconnection levels are reported in table A1.
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FIGURE A1.

Country power sector and water use model structure

FIGURE A2.

Electricity demand in five countries in
the Sava River Basin

TABLE A1.

Net transfer capacities for 2015
From
To

SI

SI
HR

HR

RS

ME

1500
800

400

BA

400

RS

150

ME

BA

100
100

100
200

AT

IT

950

680 IT
730 SI

HU

RO

BG

MK

AL

200 RO
150 RS

200 BG
100 RS

100

0

700 HU
600 HR
200
100

300

100

Country codes: AL - Albania, AT - Austria, BG Bulgaria, HU - Hungary, IT - Italy, MK - The former Yugoslav Republic of Macedonia, RO - Romania, SI - Slovenia

200
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FIGURE A3.

Generation, in GWh by fuel type by Sava River Basin country
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An overview of the expected electricity generation mix change in
the Sava River Basin region throughout the period of analysis can be
seen in figure A3 for the years 2015, 2020 and 2025. Common to all
countries is the increase in electricity generation with hydropower
representing a significant share in the production mix. Serbia is the
only exception with high levels of coal-fired generation.
The Sava River and its tributaries are the main sources of water for
hydropower and thermal power plants in that region. Consider
Bosnia and Herzegovina, for example. It generates around 11%
of its electricity from hydropower plants located in the Sava River
Basin. Left only to economic drivers, i.e. the lowest cost energy
system, it is calculated to grow to 27% by 2025 (figure A4). The
Sava River Basin is central to electricity development in the region.
A high proportion of new power plant investment in the riparian
countries is likely to be linked to Sava River Basin water. In the case
of Serbia, coal accounts for most of its power generation. However,
the estimated increase in hydro and wind power capacities
surpasses its 2025 contribution. Slovenia, with large potential, is
expected to increase its hydro generation from 7% in 2015 to over
19% in 2025. The majority of the planned hydropower plants are
located in the Sava River Basin.
The effects of hydro expansion on river systems, water flow and
ecosystems are well described (Jager & Smith, 2008) but not well
quantified. With each new power plant, its configuration in terms
of structural type, environmental flows, dispatch scheduling, and
its potential as pumped storage facilities will have effects on the
functioning of the basin, sedimentation, flows, flood control and
water allocations. In the Sava Basin, for the time being, the planned
expansion of hydropower concerns not just the Sava River but also
its tributaries.
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FIGURE A4.

Baseline Scenario projections of the electricity generation in a) Slovenia (SI); b) Croatia (HR); c) Bosnia and Herzegovina (BA);
d) Serbia (RS); and e) Montenegro (ME) for the years 2015, 2020 and 2025. The denominations OS and SS, used for some
technologies, denote ‘Outside SRB’ (OS) and ‘In SRB’ (SS).
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Coordination between the water, energy, food and environment sectors is fraught with
difficulties at the national level and the complexity increases substantially in transboundary
basins. The “nexus approach” to managing interlinked resources has emerged as a way
to enhance water, energy and food security by increasing efficiency, reducing trade-offs,
building synergies and improving governance while protecting ecosystems.
This technical material contains results of the nexus assessment of the Sava River Basin
shared by Bosnia and Herzegovina, Croatia, Montenegro, Serbia and Slovenia that
was carried out from 2014 to 2016 in the framework of the UNECE Water Convention’s
Programme of Work. The methodology employed was developed specifically for
assessing the nexus in transboundary basins with multi-disciplinary expertise.
The assessment aimed to foster transboundary cooperation by identifying intersectoral
synergies and determining measures that could alleviate tensions related to the multiple
needs of the riparian countries for common resources. The process looked to generate
relevant information to support decision-making, and it engaged diverse expertise and
key actors in the basins. The participatory assessment process for the Sava River Basin
involved an intersectoral workshop for identification of the main intersectoral issues and
possible solutions, detailed by a subsequent analysis, and followed by consultations of
the various sectoral authorities concerned.
This nexus assessment describes the characteristics of the water, food and land,
energy and ecosystem services, and their governance. The assessment shows multiple
linkages in the Sava River Basin between the different basin resources, and concludes
that strengthening transboundary cooperation on the integrated management of these
resources will bring real benefits. Graphics illustrate the interlinkages identified. Climate
change and socioeconomic drivers, and their effects on intersectoral dynamics, are
also considered. Finally, a broad range of beneficial response actions are outlined.
Solutions proposed span institutions, information, instruments, infrastructure as well as
international coordination and cooperation.
The Sava nexus assessment identifies a number of benefits both related to and
independent of economic activities that are generated by improvements in the
management of the basin’s resources as well as by the enhanced trust between the
Sava countries.
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