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1 Introduction

Janos Fehér, Global Water Partnership Centraland Eastern Europe; Miklos Szalay, General Directorate of
Water Management, Hungary; Diana Heilmann and Viktor Oroszi, Ministry of Foreign Affairs and Trade,
Hungary

The JOINTISZA project— Strengthening the Cooperation between River Basin Management Planning and
Flood Risk Prevention to Enhance the Status of Waters of the Tisza River Basin — focuses on interactions of
the two key aspects: the river basin management (RBM) and flood protection. The main aims of the project
were to furtherimprove the integration of the water managementand flood risk prevention planning and
actions while elaborating the Updated Integrated Tisza River Basin ManagementPlan, inlinewith the
relevant EU legislations, as well as to provide improved methods on urban hydrology management
procedures through pilotactions on selected cities and also to investigate the climate change issues, taking
intoaccount the relevant fourtypes of stakeholder groups, namely the national water administrations,
waterresearch institutes, international organisations and otherinterested stakeholders as well as NGOs,
who play a keyrole inthe Tisza River Basin management planning process.

One of the focus themes of the projectinvolved a pilot action on climate change-induced specificwater
guantityissues, which included the following three major tasks: Task 1: Ad-HocTask Group (AHTG) activities;
Task 2: Elaboration of the Guidance Paperon Climate Change-Induced Specific Water Quantity Issues to
Overcome Challenges; Task 3: Application of the Shared Vision Planning method, a pilot action basedona
selected pilot area.

This Guidance paperisa joint product of the AHTG members who were invited by the experts of the Project
Partners of the JOINTISZA projectto workinthe group as well as some internationally recognised external
experts whowere alsoinvited to join the AHTG.

The AHTG has held three meetings during the project. The Group discussed and determined the aimand
content of the Guidance paper, takinginto account that the paper was intended to be one of the main
outputs of the JOINTISZA project. The AHTG members were also responsiblefor writing the chapters of the
Guidance paper as well as for facilitating the test work on how the Shared Vision Planning method should be
usedinthe selected pilot area.

The Guidance paperaimsto provide a practical document for stakeholders who will to be involvedinthe
nexttermriver basin management planning proceduresin ariver basin significantly influenced by climate
change. Firstly, the paper providesan overview on i) the core principles and approaches of the EU policieson
climate change adaptation;ii) how theissue is addressed in the Danube River Basin andinthe Carpathian
Basin and iii) the integrative way of the river basin management.

Aftersettingthe scene, Chapter3givesa summary oninformation and monitoring needs on climate change
related to water quantity aspects of the river basin management planning.

Chapter4 discusses how changing climate impacts hydrologyand waterresources and identifies the induced
problemsinthe TiszaRiverBasin.

The next chapteris a concise summary of tools that stakeholders engaged inriver basin management
planning could use to enhance considerations of climate change adaptation.

Guidance Paper on Climate Change-Induced Water Quantity Issues 6
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Chapter6 introduces a pilot work and experience from the application of the Shared Vision Planning
methodology on aselected Tisza River sub-basin located in the middle part of the Tisza Basin. The pilot

actionfocused on modelling and analysing climate change-related drought and flood extremesinasmaller
region withinthe TRBand included testing of the Shared Vision Planning concept.

Guidance Paper on Climate Change-Induced Water Quantity Issues 7
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2 Setting the Scene, Core Principles and Approaches

Diana Heilmann and Viktor Oroszi, Ministry of Foreign Affairs and Trade, Hungary

2.1 Setting the Scene

Climate change hassignificant effects on Europe already. The total reported economiclosses caused by
weather- and climate-related extremes in the EEA member countries overthe period of 1980-2015
amounted to over EUR 433 billion and the impacts will be even more seriousinthe future. The largest share
of the economicimpactsis caused by floods (38 %) followed by storms (25 %), droughts (9 %) and heat
waves (6 %). The severity and frequency of droughts have increased in some parts of Europe, in particularin
southernand south-eastern Europe. Droughts are projected toincrease in frequency, duration and severity
in most of Europe, with the strongestincrease projected for southern Europe. Since 1980, the number of
flood events causing large economiclossesin Europe hasincreased, but with alarge inter-annual variability
(European Environment Agency, 2017). Many catchment areas of the continent—such as the Tisza Basin—
have a transboundary feature, therefore risks and challenges need to be coordinated on international scale.

There are several documents, which help the adaptation process and give proposal on how to develop
strategy for coordinated climate adaptation activities on the river basin-wide scale. The following documents
and information sources serveas helpingtoolsinthe preparation of the current guidance paper:

B 2007: EC Communication on waterscarcity & droughtsinthe European Union?

B 2009: EC White Paper “Adapting to climate change: Towards a European framework foraction”?

B 2009: EU CIS Guidance No. 24: River Basin Managementin a Changing Climate?

B 2009: UNECE Guidance on Waterand Adaptation to Climate Change*

B 2012: Blueprinttosafeguard Europe’s Waterresources®
In 2012, the European Commission carried out a review of water scarcity and droughts policy (EC, 2012a)°.
An accompanyingreport (Schmidt, G.; C. Benitez-Sanz; 2012) investigating 73 international RBMPs of the EU
concluded thatthere was a major gap in dealing with water quantity and very few of the international river
basinsincluded coordinated measures between the neighbouring countries. The information on
transboundary coordinationinthe field of water scarcity and droughts was not clear in 60% of the plans, no

information was found orit could be considered “notrelevant”. Only 3% of the plansincluded co -ordinated
measuresforthe entire international RBD. Joint challenges have been identified by 11% of the plans as the

1 https://eur-lexeuropa.eu/LexUriServ/Le xUriServ.do?uri=COM:2007:0414:FIN:EN:PDF
2 https://eur-lexeuropa.eu/legal-content/EN/TXT/PDF/?uri=CEL EX:52009D C0147&from=EN

3 https://circabc.europa.eu/sd/a/a88369ef-df4d-43b1-8c 8c-306ac 7c2d 6el/Guidance document n 24 - River Basin
Management in a Changing Climate_ FINAL.pdf

4 https://www.unece.org/indexphp?id=11658
5 https://eur-lexeuropa.eu/legal-content/EN/TXT/PDF/?uri=CEL EX:52012DC0673&from=EN

6 https://climate-adapt.eea.europa.eu/metadata/publications/report-on-the-review-of-the-european-water-scarcity-and-
drought-policy/11309505
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way to address WS&D issuesinshared waterbodiesandinanother 20% the transboundary cooperation was
stated as a general coordinationissue.

In 2013, the European Commission presented the EU Strategy on Adaptation to Climate Change (EC, 2013)’
and a number of supporting documents with the overall aim to contribute to a more climate-resilient
Europe. This Strategy encourages all Member States to adopt comprehensive adaptation strategies, aimsto
a mainstream adaptation into relevant EU policies and programmes, provides funding for adaptation actions,
promotesactionincities (through the Covenant of Mayors for Climate and Energy), aswell as enhances
research and knowledge transferviathe European climate adaptation platform (Climate-ADAPT) as‘one-
stop shop’ for adaptationinformation.

Since the adoption of the EU CCAS the countries have prepared their national adaptation strategies (NAS)
and adaptation plans (NAP). The assessments of current and projected impacts of climate change and of the
associated vulnerabilities and risks (‘CCIV assessments’) are a key element of national adaptation policies
(Figurell.1.). They provide crucial information for the development, implementation and revision of
adaptation policies and measures, including NASs and NAPs (European Environment Agency; 2018; p.79). The
assessments highlight mainly waterrelatedissues.

Number of times selected

Water

Agriculture

Forestry

Energy

Biodiversity

Human health

Tourism

Transport

Built environment

Marine and fisheries

Civil and disaster protection

Industry

Regional and urban development

Financial and insurance

|
1
Coastal areas
[ )
[ ——————
Cross-border impacts
[——

Digital communication infrastructure

Cultural heritage

0 5 10 15 20 25
W Q23 Q9
Note: The light green bars are based on the responses from 24 countries, whereas the dark green bars are based on 25 assessments

from 23 countries. The absolute length of the two bars cannot be compared, because the survey invited countries to identify
up to five priority areas for further information, which is smaller than the number of thematic areas considered in many
multi-sectoral CCIV assessments. However, comparison of their relative length is meaningful.

The European Multiannual Financial Framework (2014—2020) included the objective thata minimum of 20 %
of the EU budget contributes to climate-related expenditures (including adaptation). Initial analysis shows
that this objective will be achieved, butits effectivenessin terms of enhanced resilience isyet to be
evaluated. The proposed EUbudget forthe future (2021-2027) continuesto strengthen the well-established

7 https://ec.europa.eu/transparency/reqdoc/rep/1/2013/EN/1-2013-216-EN-F1-1.Pdf
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programme forthe environment and climate action (LIFE). The Commission proposes to setamore

ambitious goal for climate mainstreaming across all EU programmes, with atarget of 25% of EU expenditures
contributing to climate objectives.

In September 2016 the EC started the evaluation of the EU Adaptation Strategy, which terminated atthe end
of 2018.

The Revision and Update of the Danube Study was initiated by the German Federal Ministry for the
Environment, Nature Conservation and Nuclear Safety to revise the findings of the first Danube study
conductedin2010-2011. The new study elaborated since January 2017 supports a Danube-wide
understanding of climate change impact on hydrology and water availability. The outcomes of the study
provide an analysis of 73 research and development projects conducted between 2012 and 2016/2017 and a
comparison with the findings of the previous document. The study includes suggested adaptation measures
indifferentfields (e.g. water-related climate change impacts, reduced water availability, drought/low flow
management, flood management, navigation, etc.). The Danube Study Update was discussed by several
experts of the Danube region at the ICPDR Climate Change Adaptation Workshop (March 2018, Belgrade). It
was intended to serve as the basis of the Danube Climate Change Adaptation Strategy to be adopted at the
end of 2018 by the ICPDR Heads of Delegation.

Withinthe framework of the EU Strategy for the Danube Region (EUSDR) — as the second macro-regional
strategy of the EU foundedin 2011 —the challenges of climate change are mostly dedicated to the Priority
Area5 (Environmentalrisks) dealing partly with floods and droughtissues. Thus, the PA5supportsviaits
three targets the implementation of basin-wide plans and strategies (i.e. Target 2 supporting the
implementation of the DFRMP) based on the Joint Paper on Cooperation and Synergy forthe EUSDR
Implementation signed with ICPDRin 2014. Target 1 of EUSDR PA5 (‘To address the challenges of water
scarcity and droughts in line with the Danube River Basin Management Plan —Update 2015, the report on the
impacts of droughts in the Danube Basin in 2015 (duein 2016) and the ongoing work in the field of climate
adaptation’)focuses on waterscarcity and droughtissues. Out of the eight actions of the priority area, two
were directly dedicated to climate change. Namely, Action 7 ( “Anticipate regional and local impacts of
climate change through research’) and Action 8(‘To develop spatial planning and construction activities in
the context of climate change and increased threats of floods’) aim to harmonize efforts of the 14 Danube
countriesinthe field of climate adaptation. Furthermore, the harmonization of preventive disaster risk
evaluation methods and tools —such as the commonly set standards for risk mapping developed regarding
the specificclimate and/or extreme weather phenomena, or establishment of the comparability of
data/information systems about extreme climaticevents —are covered by Action 4 (‘To strengthen
operational cooperation among emergency response authorities in the Danube countries and to improve the
interoperability of the available assets’).

Under the EUSDR PAS5, several projects received funding since 2011, strugglingtoreach better preparedness
and increased resilience of the region with the improved management of floods or drought events (i.e.
SEERISK, JOINTISZA, DriDanube, WateratRisk, EastAvert, RaabFlood4cast, InterFloodCourse, DAREFFORT,
DanubeFloodplain).

The ’‘Strategic agenda on adaptation to climate change in the Carpathian region’ has been elaborated by the
7 Carpathian countries until 2014 and finally the “Article on Climate Change to the Carpathian Convention’
has been adopted duringthe Conference of the Parties 5(COPS5) in Hungary 2017. This process was
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facilitated by the outcomes of the CARPIVIAand CARPATCLIM projects. The latter project prepared agridded
database and climate atlas forthe region, since CARPIVIA was the project forintegrated assessment of
vulnerability of environmental resources and ecosystem-based adaptation measures. The newly adopted
article of the Convention obliges its signatories to:

a. pursue policies aimed at climate change mitigationinall sectors relevanttothe Convention having
in mind their interactions,

b. pursue policies aiming at climate change adaptation by promoting research and scientific
cooperation, cross-sectoral integration, transnational cooperation, awareness raising, public
participation and cooperation of all stakeholders and fostering local adaptation planning processes
and the implementation of actions, especially in the most vulnerable areas and sectors, and

c. undertake integrated measures to reduce the risks and minimise the adverse effects of climate
change, especially of extreme weather events.

The Tisza River Basinis unique regardingits nature and biodiversity and due to its geographical
characteristics. With a strongly meandering riverbed, the original length of the Tisza River was 1,400 km
fromits springinthe north-eastern Carpathian Mountainsin Ukraine to its mouth at the Danube. Duringthe
second half of the 19th century, extensive measures of rivertrainingand flood control were undertaken
alongtheriver. As a result of these works, the river’s total length was shortened by approximately 30% to
current 966 km. However, itisstill the longest tributary of the Danube River with the second largest
discharge afterthe Sava River. (ICPDR; 2008)

The basinfaces several problems, such as:

B severefloods,
drought problemsin summer (particularly in Hungary and Serbia),
landslides and erosion in the uplands (particularly in Ukraine),

|

|

B accidental pollution by industrial and mining activities,

B agricultural pollution, affecting the sensitivity of the Danube and the Black Sea by nutrient

pollution,

B accidental pollution and nutrient pollution can directly influence aquaticecosystems and
drinking water utilisation, while large-scale land reclamation can damage wetland ecosystems

and intensified flooding problems in otherareas.

From the above listitis already visible that nextto the pressures due to nutrient, organicor hazardous
substances pollution, water quantity related problems such as floods, water scarcity and drought are also
crucial. The Tisza River Basin countries therefore have been paying special attention to water quantity-
related problems sincethe beginning of cooperation.

As it has been describedin the first Integrated Tisza River Basin Management Plan (ITRBMP) (ICPDR, 2011),
foursignificantwater managementissues (SWMI) were identified at the Danube River Basin District level,
havingimpact on the water quality of surface waterand groundwater: organic pollution, nutrient pollution,
hazardous substances pollution and hydro-morphological alterations.

In additionto the process described above, the Tisza countries defined that management issues related to
water quantity needed special attention and are therefore treated as an additional relevant water
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managementissue. Water scarcity and droughts, as well as floods and excess water events pose a major
challenge forthe TiszaRiver Basin.

Climate change is expected to furtherinfluence these challenges.

The ITRBMP already states thatan “overview of the main impacts of climate change on the Tisza River Basin
(based on current knowledge) is importantto investigate in orderto determine whetherthe Programme of
Measures (PoMs) is ‘climate-proof’ and includes further adaptation measures.”

Floods and droughts have negative side-effects on biodiversityand water quality. In addition, previously
existing problems related to water quality could be exacerbated by the effects of these water quantity
events. The ITRBMP therefore also focuses onthese issues and on how their management can be integrated.

In summary, according to the principles of the Integrated Water Resources Management —which promote
the coordinated development and management of water, land and related resources, to maximise the
resulting economic and social welfare in an equitable manner without compromising the sustainability of
vital ecosystems —the Tisza countries have developed the Integrated Tisza River Basin Management Plan
(ITRBMP) accounting for both water quality and water quantity issues, to identify measures which will have
positiveimpacts on both water quality and quantity and on aquaticecosystems in the Tisza River Basin.

In relation to climate change, the following vision and management objective has beenidentified to be
achievedinthe coming managementcycles:

B Climate change related vision addressedinthe ITRBMP: "Climate change and its hydrological
impacts (droughts, floods and flash floods) are fully addressed in decision-making to ensure the
sustainability of ecosystems’

B Climate change related management objective addressedin the ITRBMP: ‘Identify climate
change impacts at the TiszaBasin-wide scale and assess whetherand how these impacts affect
the Tisza Programme of Measures and vice versa (e.g. are certain measures effective or can
certain measures be considered as no-regret measures in relation to climate change adaptation)’

The ITRBMP suggests, as a first step, to get betterinsightinto possible impacts of climate change onthe

Tiszaregion, initially achievable through areview and analysis of the many previous and ongoing projects
that could lead to the need forany future projects addressing the specificneeds of the Tisza River Basin.

Anotherpriorityisto ensure that future measuresimplementedinthe Tisza River Basin that might have
additional negative impacts on water status are climate-proof orno/low regret measures. Particularly for
large infrastructure projects with alonglifetime, possible climate scenarios have to be taken into account.

A further priority is to speed up implementation of some measures of the ITRBMP thatincrease s ecosystem
resilience. The examplesinclude floodplain restorations recreating wetlands that can serve as water buffers
intimes of floods and droughts and fish by-passes that allow fish species to freely adjust theirfeeding or

spawning range when environmental conditions change.
2.2 National climate change adaptation strategies

Since 2014, all five Tisza countries have adopted their own national adaptation strategies (NAS). A revision of
NAS has already been done in Hungary and Romania (Figure 11.2).
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Figure 11.2: Countries with National Adaptation Strategies in the DRB (LMU, 2018)

n

In Hungary, the report "Climate Change and Hungary: Mitigating the Hazard and Preparingfor the Impacts
was publishedin 2008 as an outcome of the 5-year VAHAVA project. The Climate Change Act 2007 (ActLV)
based on the implementation framework of the UNFCCC and its Kyoto Protocol create d a framework for
building Hungary's ability to adapt to climate change. The National Climate Change Strategy (NCCS) was
accepted by the Parliamentary Decree 29/2008 (I11. 20.), identifying key objectives and actions to be
implemented in the period 2008-2025. The first revision of the NCCS mandated by the Climate Change Act
2007 was finishedin 2013 and submitted to the Parliament foradoptionin May 2017. The revised version
determinesthe timeline of the strategy from 2014 to 2025, with an outlook to 2050.

The National Adaptation Strategy will be adopted as a part of the second revision of the NCCS (ITM, 2018).
This will provide furtherinformation on climate change science, observations and sectoral impact
assessments (the documents are available through the EEA Climate-Adapt website®.).

In thisregard, a robust metadata base, the National Adaptation Geographical Information System (NAGIS), is
currentlyin progress. This system will be the first comprehensive, countrywide tool to provide high -
resolution results of the quantified expected trends and the associated uncertainty of the local and regional
exposure, sensitivity and adaptive capacity for different hazards. It will also provide input data for spatial and
sectoral vulnerability studies.

Several citiesin Hungary have developed their own local climate change strategy. The Hungarian Alliance of
Climate-Friendly Cities is a partnership of local governments and NGOs providing technical advice, tools, case
studiesand informationto cities on climate change adaptation and mitigation. Recently, climate change

8 hitps://climate-adapt.eea.europa.eu/countries-reqgions/countries/hungary

Guidance Paper on Climate Change-Induced Water Quantity Issues 13


https://climate-adapt.eea.europa.eu/countries-regions/countries/hungary

(@G ;))

interreg M

Danube Transnational Programme

adaptation strategies have been underelaboration on acounty level, some of them already adopted as of
July 2019.)

In Romania, the first National Climate Change Strategy, drawn up in 2005 and approved by the
Governmental Decision (no 645/2005) was related to the 2005-2007 period. Climate change adaptation
issues were highlighted separately in the chapter "Impact, Vulnerability and Climate Change Adaptation",
which briefly detailed the effects of climate change adaptation on the following sectors: agriculture, forestry,
water management and human settlements. In 2008, in response to the EU Green Paper"Adaptingto
climate change in Europe - options for EU action", the Ministry of Environmentand Forests developed the
Guide on the adaptation to the climate change effects approved by the Ministerial Order (no. 1170/2008).

This guide provides recommendations on measures, which aimed to reduce the risk of the negative effects
of climate change in 13 key sectors, e.g. agriculture, biodiversity, waterresources, forests, etc. In July 2013,
the Romanian Governmentadopted the Romania's National Climate Change Strategy (2013-2020) through
the Governmental Decision no. 529/2013 (MMSC, 2013). (Related documents are available through the EEA
Climate-Adapt website.®?) In addition, the National Strategy on Drought Effects Mitigation, the Action Plan for
Addressing Nitrate Pollution from AgriculturalSources, and the National Plan for Irrigation Rehabilitation and
Reform are amongthe key plans that are relevant to addressing climate change implications in waterrelated
sectors. In 2014, the study "Estimating the impact of climate change onriverflow regime in Romania" was
elaborated by the NIHWM. In October 2016, the Romanian Government adopted the new strategy approved
by the G.D. no. 739/2016.

In Slovakia, the High Level Committeefor Coordination of the Climate Change Policy was established in
2012. The NAS was adopted by the government (Resolution No. 148/2014) in March 2014. The vulnerability
of sectors, i.e. water management, biodiversity, agriculture and forest management was also deeply and on
awiderscale of areas assessed inthe "Climate change impacts and possible adaptation measures in various
sectorsinSlovakia" report prepared by the SHMU. This document was the one of basicsourcesforpreparing
the NAS. The update of the National adaptation strategy based on the latest available science will be
undertakenin 2018. (Related documents are available through the EEA Climate-Adapt website.?)

Although nothaving a documenton a national climate strategy yet, Serbiaisinvolvedin the development of
such strategies and guidelines under the ICPDR auspices. A climate change adaptation programme was
developed underthe Initial Nation Communication of the Republic of Serbia (submitted tothe UNFCCCin
2010) and basic principles of theseissues are included. The Second National Communication, (submitted on
the ICPDR Danubius, December 2016), underlined the vulnerability assessment and adaptation in hydrology
and waterresources, agriculture and forestry, based on the fact that these sectors were identified as the
mostvulnerable and importantinthe Initial National Communication. The draft of the First Serbian National
Adaptation Plan was published in 2015 and since 2016, the “Climate Strategy and Action Plan” Projectis
funded by the European Union through the Instrumentfor Pre-Accession Assistance (IPA funds). It will
prepare a national cross-sectoral Climate Change Strategy and Action Plan. This will be coordinated by the
Ministry of Environmental Protection. The Strategy will establish both the strategicand policy framework

9 https://climate-adapt.eea.europa.eu/countries-reqions/countries/romania

10 https://climate-adapt.eea.europa.eu/countries -regions/countries/slovakia
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for climate actionin Serbiain compliance with the international obligations and pledges on greenhouse gas
mitigation. (Related documents will be available on the “serbiaclimatestrategy.eu” project website!?).

In the Ukraine, the concept of implementation of the state policyin the field of climate change forthe
periodtill 2030 was adopted by the Cabinet of Ministers of the Ukraine in 2017. Accordingto this document,
a climate change adaptation strategy should be developed by 2020 and will coverthe period from 2021 to
2030.

In the TiszaRiver Basin, as many as 68 settlements have already joined the Covenant of Mayors for Climate
and Energy Network!?, representing more than 3 million people (Tablel.2). 1t means these municipalities
are notonly aware of the challenges of climate change, but are ready to develop their own adaptation
strategies and secure funding forlocal projects in different fields of climate adaptation.

Covenant of Mayors
total signatories per

Covenant of Mayors

; . Population in
signatories from the P

Population in

the country . . the TRB
country Tisza Basin
Hungary 40 3714647 22 951458
Romania 73 4982359 39 1834080
Serbia 1 255518 0 0
Slovakia 13 779985 4 102169
Ukraine 173 15388876 3 137480
TOTAL 300 25121385 68 3025187

2.3 Core principles for the WFD implementation in a changing climate

Four water quantity-related management aspects have been specified in the Integrated Tisza River Basin
ManagementPlanin 2011, namelyflood and excess water events, drought and water scarcity. Alerting
climate scenarios were presented; each of which called for attention since future extreme climate events
might furtherintensify the impacts of flood, drought, excess water and waterscarcity in the Tisza River
Basin.

The following pagesintroduce the guiding principles set by the Guidance document no. 24 of the European
Communities onthe “River Basin Managementin a Changing Climate”.

The guiding principles set outin the following tables list, on one hand, the guiding principlesinrelationto
the river basin management planning process and provide information on how climate change adaptation
should be considered at each step of the river basin management planning.

Guiding principles to be takenintoaccountduring drought management, water scarcity and adaptation are
listed belowinsubchapter2.3.2.

11 http://www.serbiaclimatestrateqy.eu/about/

12 https://www.covenantofmayors.eu/about/covenant-community/signatories.html
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RBM steps of
WFD

Guiding principle

Summary of the guiding principles for
the RBM steps

Assessing pressures
and impacts on
water bodies

1. Assess, over a range of timescales,
the direct influences of climate
change andindirectinfluences where
pressures arecreated due to human
activities inadaptingto climate
change

A more integrated approachto risk
assessmentis needed to counter changesin
pressures that may arisefromthe direct
impacts of climate change, as well as from
autonomous and/or anticipatory measures
taken by different groups to mitigate and
adaptto climatechange.

Monitoring and
status assessment

2. Maintain both surfaceand
groundwater surveillance monitoring
sites for long time series.Set up an
investigative monitoring programme
for climatechange and for
monitoring climate change “hot
spots” and try to combine them as
much as possiblewith the results
from the operational monitoring
programme.

3. Includereference sitesinlong
term monitoring programmes to
understand the extent and causes of
natural variability and impact of
climatechange

Good monitoring networks will be essential to
identifyingandreactingto climatechange and
thus itis importantthat sites with long time
series of data collectionarenot dropped from
surveillance monitoring.Inaddition,
knowledge of when and where climate
change might be firstdetected could be used
to target monitoring and reporting of effects
inthe most vulnerablewater bodies, as well
as to bringforward adaptationinterventions
as required. This is importantfor surface
water and groundwater (including
groundwater quantity monitoring).

In order to detect climatechange impacts
early, the monitoring frequency needs to be
higher than the WFD minimum for
surveillance monitoring, as otherwiseitwill
take a longtime to gather robust time series.

As climatechange and human impacts at a
catchment scale may affect similarly the
quality elements used for status assessment,
information on coherent changes at reference
sites, which by definition aresites with
missingor very minor anthropogenic
influence, is the primary proofthat would
enable disentangling thetwo kinds of impacts.
Therefore concurrent hydro-meteorological
data and data on quality elements are needed
to better interpret mid and long-term changes
instatus.
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RBM steps of Guiding principle Summary of the guiding principlesfor

WFD the RBM steps

Objective setting 4. Avoid usingclimatechangeas a There is a danger that anthropogenic climate
general justification for relaxing change could be used as anexcuse to set
objectives, but follow the steps and lower objectives for water bodies, even
conditions setout in the WFD though formal attribution of a detected trend

to anthropogenic climatechangeis unlikely at
the scaleof RBDs for several decades to come.
Although the use of exemptions is anintegral
part of the river basin management planning,
applying exemptions without justificationin
linewith the Directivecannot be seen as a
general strategy to cope with the
consequences of climatechange. Inaddition,
there is a need to assess theimpacts of using
exemptions to making water resources more
resilientto climatechange.

Economic analysis of
water use

5. Consider climatechange when Climatechange will mean that the value of
takingaccountof longterm forecasts | water will changeas the balance between

of supply and demand and favour supplyanddemand is impacted. Economic
options that are robustto the analysiscarried outin order to apply recovery
uncertaintyinclimateprojections of costs and judge the most cost-effective

combination of measures should consider
these future conditions. However, uncertainty
surrounding projections means thatwe
should look for solutions thatwill beableto
perform over a wide range of climatic
conditions.

Adaptation measures

related to the WFD

How to do a climate
check of the
Programme of
Measures?

6. Take accountof likely or possible future changes in climate when planning
measures today, especially when these measures have a longlifetime and are cost-
intensiveand assess whether these measures are still effective under the likely or
possiblefuture climatechanges.

7. Favour measures thatare robustand flexible interms of uncertainty and cater for
the range of potential variation related to future climate conditions. Design measures
on the basis of the pressures assessmentcarried out previouslyincluding climate
projections.

8. Choose sustainableadaptation measures, especially those with cross-sectoral
benefits and that have the leastenvironmental impact,including the GHG emissions.

What to do if other
responses to climate
change influencethe
WFD objective of a
good status?

9. Avoid measures that are counterproductive to the water environment or that
decrease the resilience of water ecosystems

10. Apply WFD Article4.7 to adaptation measures that modify the physical
characteristics of water bodies (e.g. reservoirs, water abstractions, dykes) and that
may causedeteriorationin water status

11. Take all practicablesteps to mitigate adverse effects of counterproductive
measures
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Overall guiding principle on drought management, water scarcity and adaptation
1. Use the Water Framework Directive as the basicmethodological framework to achieve climate change
adaptationinareas of waterscarcity and to reduce the impacts of droughts.

River basin management plans as a tool for addressing water scarcity and droughts

2. Make full use of the Water Framework Directive environmental objectives, e.g. the requirement to
achieve good groundwater quantitative status helps to ensure arobust water system, which is more resilient
to climate change impacts.

3. Determine, on the basis of robust scientificevidence and on a case-by-case basis, whethera prolonged
droughtallows forthe application of the WFD Article 4.6 and take into account climate change predictionsin
this case-by-case approach.

4. Pay special attention to the requirements of the WFD Article 4.7 when developing measures to tackle
waterscarcity undera changing climate, which may cause deterioration of water status.

Monitoring and Detecting Climate Change Effects

5. Diagnose the causesthat have led to waterscarcity in the past and/ormay lead toit in the future.

6. Closely monitor water demand and create forecasts based onimproved knowledge of demands and
trends.

7. Collectas much high quality information as possible to anticipate changesin water supply reliability,, which
may be incurred by climate change, for early detection of water scarcity.

8. Distinguish climate change signals from natural variability and othe r human impacts with sufficiently long
monitoringtime series.

Adaptation measures related to water scarcity & droughts

9. Take additional efforts to prevent waterscarcity and be better prepared to tackle the impacts of droughts.
10. Incorporate climate change adaptation in water management by continuing to focus on sustainability
(balance between wateravailabilityand demand).

11. Follow anintegrated approach based on a combination of measures (compared to alternatives based on
watersupply or economicinstruments only).

12. Build adaptive capacity through robust waterresource systems.

13. Engage stakeholders in producing decisive measures to tackle water scarcity.

14. Assess other climate change adaptation and mitigation measures by their impact on water scarcity and
drought risks.”

A toolbox of adaptation measures regarding water management were collected by the UNECE Guidance on
Water and Adaptation to Climate Change!® that could be appliedin case of the TiszaRiverBasin (Tablell.3).

13 https://www.unece.org/indexphp?id=11658
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TYPE OF
MEASURES FLOOD-PRONE SITUATION DROUGHT-PRONE SITUATION IMPAIRED WATER QUALITY HEALTH EFFECTS
e restrictionof urban e reducing needforwater e prevention ofandcleaningup e strengthen capacityforlong-
developmentin floodrisk zones e water conservation measures/effective water use of dump sitesinflood risk term preparationand planning,
e measures aiming at maintaining (industrialand other sectors’ practicesand zones especially to identify, address
dam safety, afforestationand technologies, recycling/ reusing wastewater) e improved waste water and remedy the underlyingsodal
otherstructural measures to e watersaving (e.g. permit systems for water users, treatment and environmental determinants
i i “raisi . hati | ili
avoid mudflows educationandawareness-raising) e regulation of wastewater thatincrease vulnerability
e construction of dykes ¢ land use management discharge e use existing systems and links to
« changes in operation of . fosterw_wg watereﬁlaenttechnologles and practices « improved drinking water intake general and emergency response
reservoirs and lakes (e.g.rrigation) i systems
land X e enhandngtheavailability of water (e.g. increase of * safetyand effectiveness of e ensure effective communication
e land use managemen : : waste water systems ]
) ) ) reservoir capacity) ) i Y o services foruse byhealth
e implementation of retention e improvingthe landscape water balance e isolation ofdump sitesin flood officials
areas e introduction orstrengthening of a sustainable risk zones
o ddrai ibiliti dwat totrat e regularvector controland
improved drainage possibilities grf)un wa e.r ma:agemen s Ira eg;/ . :en?:.)c.)rarywastewaterstorage vaccination programmes
e jointoperation of watersu and water acilities
e structural measures (temporary J p ) bpp'I\c/i' ¢ y « publiceducation and awareness-
PREVENTION/ dams, buildingresilient housing, management networks orbuildingotnew networks ¢ catchment protection (e.g. raising
IMPROVING modifying transport e identification and evaluation of alternative strategic enlarging protected areas) ) )
RESILIENCE waterresources (surface and groundwater) ® measures against heatisland

infrastructure)

migration of people away from
high-risk areas

identification and evaluation of alternative
technological solutions (desalinization; reuse of
wastewater)

increase of storage capacity (for surface and ground
waters), both naturaland artificial
consideringadditional water s upplyinfrastructure
economicinstruments like metering, pricing

waterreallocation mechanisms for highly valued uses

reducing leakagesin the distribution network
rainwater harvestingandstorage

reducing water demand forirrigation by changing crop

mixand calendar, irrigation method

promotingindigenous practices for sustainable water

use

eimporting water-intensive agricultural products

effectthrough physical
modification ofbuilt
environment andimproved
housingandbuildingstandards
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allkinds of financial and e conomic support
specialtaxregimes forinvestments, companies, people
insurance

evaluation

M-I;EY:SEU(I)RZS FLOOD-PRONE SITUATION DROUGHT-PRONE SITUATION IMPAIRED WATER QUALITY HEALTH EFFECTS
e floodwarning (incl. early edevelopment of drought managementplan e restriction of wastewater e strengtheningthe mechanism
warning) emonitoringand forecast of drought characteristics discharge and implementation forearlywarningandaction
e emergencyplanning (incl. e changing reservoir operation rules of emergency waterstorage e improved disease/vector
evacuation) S £ e regularmonitoring ofdrinking surveillance/ monitoring
PREPARATION flash-flood ik eprioritization of water use water ' | o edheatth
¢ Tfash-floodris s,.(mea:sures erestrictions of water abstraction for appointed uses ¢ ensgrlngwe 'ec!“'p‘_’_e ealt
taken as prevention, since . o . stations and availability of
warning timeistooshortto e risk communication to the public communicationand
react) etraining and exercise transportation facilities
o floodhazardandriskmapping o developing watersafetyplans
e emergencymedical care
e safedrinking water distribution
RESPONSE L. -
e safesanitation provision
e prioritizationandtype ofdistribution (bottled water, plasticbags etc.)
e clean-upactivities
e rehabilitation options, such as reconstruction of infrastructures
e governance aspects, such as legislation on, interalia, insurance, a clear policy for rehhabilitation, properinstitutionalsettings, rehabilitation plans and ca pacities and
information collection and dissemination
RECOVERY e specifically targeted projects: new infrastructures, better s chools, hospitals
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In connection to climate and hydrology, the following can be summarised based on the Tisza Analysis Report,
2007:

“The Tisza River Basinisinfluenced by the Atlantic, Mediterranean and Continental climates, which impact
regional precipitation. About 60% of the Upper Tisza River Basin gets more than 1,000 mm of precipitation
annually. Warm air masses from the Mediterranean Sea and the Atlantic Ocean cause cyclones with heavy
rainfall onthe southernand westernslopes. In general, two-thirds of the precipitation occursinthe warm
half of the year. Furthermore, land surface is subdivided into the Carpathian Mountains (70% of the
catchmentarea) and the wide Tisza Lowlands.

The isotherms of the multi-annual mean airtemperature vary fromless than 3°C (in the Apuseni Mountains)
to more than 11°C (alongthe middle and lower reach of the Tiszaitself). The maximum temperatures are
observedinJuly, while the minimuminJanuary (from —1to —7°C). The annual mean potential evaporation (in
RO and HU) is around 700 mm/a and the maximum monthly values (125- 145 mm) occur in June and July.

The multi-annual mean values of annual precipitation vary within the Tisza River Basin from 500 to 1,600
mmy/a. The lowestvalues (500mm/aand below) occurin the south-western part of the basin, close to the
TiszaRiver. The highestvalues (around 1,600 mm/a) occur in the north-western Carpathiansandinthe
Apuseni Mountains. Dry spells (with less than 10 mm/month) are frequentin most areas of the Tisza River
Basinin February and March. (See MAP 3 and Map 7 — Precipitation) The highest maximum depth of snow,
measured in various mountains of the Tisza River Basin (including the relatively low Matra Mountainsin
Hungary) are above 100 cm, with water equivalents of 250-300 mm. Lower maximum values (40-60cm with
equivalents of 100-200 mm) were registered in the lowland parts of the basin.

The aridity factor (defined as the relation of annual potential evaporation to mean annual precipitation) at
the eastern border of the Tisza River Basin (such as in the Carpathian Mountains) is below 0.2and increases
fromthe northeasttothe southwestupto 1.4in the middle of the Great Hungarian Plain (the mouth of the
Koros Rivers).

In the mountainous regions, flash floods are commoninthe springand summer. These are further
intensified by the low infiltration capacity of the soils in the Carpathian Mountains. The floods cause
enormousinundationinthe lowland areas.

Floodingis anatural event necessary forriverine ecosystems, butitisalso a significantthreatto
communities settled in the floodplain. Rainfall in the Carpathian Mountains can be substantial and sudden.
Extensive runoff, floodplain deforestation and river canalisation reduce the ability of the catchmentto
attenuate the flood wave. When heavy rains occur, flooding threatens human lives as water levelsrise
quickly without a sufficient retention capacity.”

An overviewwillbe given based on the outcomes on the projected climate characteristics relevantinthe
TRB (findings of the Danube study 2012).

Characteristics and scenarios for the TRB based on the Danube study of 2012
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For a betterassignment, all findings in the Danube Study were classified into statements about the entire
Danube River Basin (DRB), the Upper Danube River Basin (UDRB), the Middle Danube River Basin (MDRB)
and the Lower Danube River Basin (LDRB), which are based on ten sub-catchments. The separation between
the UDRB and MDRB is defined by the Bratislava gauge atthe border between Austriaand Slovakia, and
betweenthe MDRB and LDRB by the Iron Gate gauge at the border between Serbiaand Romania. Since the

MDRB covers the Tisza River Basin area, the following chapters introduce the findings of the Danube Study
in relation to the MDRB.

(The Tisza River Basin related outcomes of the Danube Study, first findings of the Carpathian Region related
projects)

Uncertainty

Uncertainties can be investigated in two ways: inductive or deductive. Inductive approach means that we
estimate the uncertainties at each step of the calculation of the projections. The Danube Adaptation Study
used the deductive approach, i.e. the rate of uncertainty was determined according to the standard
deviation of the projected values of different climatological elements. Forexample, the temperature

increase is generally accepted and therefore, the temperature has avery high certainty, see below in the
figure.

Increase in uncertainty
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Future scenarios related to temperature
In relationtothe already observed changes, the most unified alterations are examined at the temperature.
Following the basicidea, global warmingis expected all around the world in any season.

The Danube Adaptation Study summarizes the following temperature projections related to the Middle
Danube River Basin (MDRB):

For Hungary, an increase of 0.3°C perdecade is expected. The expected warming by 2071-2100 is more than
2.5°C andlessthan 4.8°C for all seasons and for both A2 and B2 scenarios. The smallest difference is
expectedinspring (0.6°C), whilethe largestis expected in winter (1°C). The temperatureincreasesin
summer for both scenarios with azonal gradient from north to south and in winter from west to east.

CLAVIER confirms a temperature increase for the Tisza River Basin with anincrease of 1.7°C in winterand 1°C
insummer (both 2021-2050, A1B).
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In generalitcan be stated that an increase inairtemperature is likely and tendencies strengtheninthe

course of the 21st century. However, regional evaluations are with small spatial resolutions, since
differencesintemperature patterns on asmall scale are not visiblein most results.

Lessinformationis available forspringand autumn and winteris characterized by a high uncertainty.
The results are mainly represented by the Hungarian and Romanian studies.

Future scenarios related to

The situationis more complexin case of precipitation. This variable has alarge temporal and spatial
variability, which makes modelling and statistical tests difficult (high noise/sign ratio). Furthermore, there
are parts of the Earth withincreasingand other parts with decreasingannual precipitation sumtendency.
Precipitation changes are connected to the circulation types and therefore, the increasing temperature
occurs withiincreasing, another places with decreasing precipitation together.

The situation on a seasonal time scale is more sophisticated. The seasons used to have different tendencies,
sometimes even the signs of achange can be opposite. The seasons warm at a different rate, and the
seasonal precipitation sums change at different tendencies. Therefore, the hydrological properties of the
river flows and their water management can change very strongly. Although we cannot be sure about the
guantity of the precipitation in many places of the world, these three properties seems to be quite exactin
the future:

1. the precipitationtypesare expected to change and we should have more rain and less snow, which
has a large effect on the waterstorage capacity and the precipitation/runoff temporal shift;

2. theintensity of precipitationis expected toincrease, even wherethe quantity of precipitation
decreases. This means that less precipitation can fall with higherintensity at some regions of the
Earth;

3. itisexpectedthatindependentfromthe precipitationtendencies, the extreme events will become
more frequentand theirstrength will increase as well. This conclusion leads directly to the changesin
the tendencies of natural disasters, such as floods (in this case river floods, while forinthe event of
pointb. the flash floods) and droughts.

In case of some variables like soil humidity, the deviation amongthe results of climate models is large,
because of unsatisfactory information about other databases, such as pedological data, biomonitoring, etc.
These monitoring networks have to be developed and harmonizedto produce generally applicable model
results for hydrological and water management purposes.

Several climate model results were calculated for the Tisza catchment. Despite of the most widely known EU
FP research projects such as Prudence, Ensembles, Cecilia and Scenes, many national regional climate model
runs are available. Avoiding along discussion about the uncertainty of the model results, it has to be stated
that there are sometimes large differences among the different scenarios. Takinginto account that new
scenarioresults are expected (there is achange from the SRES scenarios to the RCP scenarios), the range of
the climate projections could increase even more.

Fig. 4 shows large differences amongthe modelresults even using the same scenario. From the south of the

Carpathian basin, the precipitation willrather decrease and increase to the north, butthereisalarge
uncertainty inthe region.
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The Danube Adaptation Study summarizes the precipitation related projections for the Middle Danube
River Basin (MDRB) as follows:

B EasternEurope:the decrease of summer precipitation of up to 25-45% (Bulgaria, Hungary,
Slovakia, Romania); Precipitation is expected to decrease in summer (-25up to -45%), while for
winterthe projections are not uniform, some models show the possibility of anincrease and
some of a decrease; Hungary and the Carpathian Basin are likely to become drier until 2100. By
the end of the century, the annual amount of precipitationin the Carpathian Basinis likely to
decrease by about 20% forboth A2 and B2 scenarios.

B FortheTisza RiverBasin, almost no change in the total annual amount of precipitationis
modelled. However, the annual cycle of precipitation over Hungary shows that a decreasing
summer precipitation is more orless compensated by increasing winter/autumn precipitation.
The VAHAVA also projects anincrease in winterrainfall (A2: 23-37%, B2: 20-27%) and the results
of Bartholy show a slightincrease in winter (in spatial average by about 14%), whichis significant
in case of A2 conditionsinthe Transdanubium, where the simulated winter precipitation change
may exceed 30-40%. The largest change is expected in summer, when asignificantdrying forthe
whole countryis projected (the simulated precipitation decreaseis 43% in case of the B2
scenario conditions and 58% in case of the A2 conditionsin spatial average.

B In Hungary, areversal of seasonal precipitation distribution is expected: summer, which is now
the wettestseason, will be the driest period (40-50% less rainfall compared with today); winter,
whichisnowverydry, isexpected to become awetseason (+14-40%). Winter variability
increases significantly. Inthe recent climate (1961-1990), the wettest monthsin Hungary are in
late spring and early summer (from April to July), when the monthly mean precipitation sum

14 hitps://www.researchgate.net/publication/270408233 Regional climate _change expected in_Hungary for 2071 -
2100
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exceeds 60mm. The driest months are January and February with about 30-35 mm of total
precipitation on average. The PRECIS simulation outputs suggest that the annual distribution of a
monthly precipitationis very likely to be restructured by 2071-2100 in case of both the A2 and
B2 scenario. The driest months are expected to be July and August (A2: with lessthan 20 mm,
B2: with about 25-30 mm on average). The wettest month of the A2 scenariorunsis April with
about 65-70 mm of precipitation on average, while in case of the B2 scenario, the wettest
months are April, May and June with about 60 mm of total precipitation on average.

B ThelPCCandPRUDENCE projectionsand some others confirm the results of driersummers and
wetterwinters for Hungary and the Carpathian Basin with different magnitudes forthe nearand
far future (summer: -3.7to -8.2% until 2030 and -24 to -33% (A2), and -10 to -20% (B2) until the
end of the century, respectively).

In general, itcan be summarised thattrends show adecreasing summer rainfalland tendency toincreasing
winter precipitation with high variability. However, it has to be highlighted that

B different GCMs produce partly contrasting patterns of spatial distribution of precipitation

B therearea lotof quantitative uncertainties in the changes of both mean and extreme
precipitation amounts.

Future scenarios related to extreme weather events

The Danube Adaptation Study summarizes extreme weather events projections for the Middle Danube
River Basin (MDRB) as follows:

In the past three decades, less precipitation occurred in the Carpathian Basin, but heavy orextreme
precipitation daysincreased considerably by the end of the 20th century. The simulation results suggest that
the future climate tends to be wetterin winterand drierin summerin the Carpathian Basin. Cold extremes
are expectedto decrease, while hot extremes tend to increase significantly. Both changesimply regional
warmingin the Carpathian Basin. With the frequency of summerdroughts, on one hand, and increasing
heavy precipitation eventsinautumn and winteron the other, itis suggested that this could indicate a shift
of the Hungarian summer climate towards more Mediterranean conditions, where warm and dry summers
are followed by rather wet early autumns. Extreme precipitation eventsin winter will be more intense and
more frequent, with ageneral decrease of extreme precipitation in summer. The spatial patterns of the
annual number of heavy precipitation days are similarforthe reference period (1961-1990) and the last
three decades of the 21st century (2071-2100). Extreme rainfall then occurs on more than 30 days peryear
inthe mountainous regions, whileit will not exceed 24 days peryear inside the basin. The smallest values
are simulated forthe southern part of Hungary. The results of the A2/B2-scenarios are similar, but more
pronounced thanforthe A1B-scenarios.

Al1B-scenario results for Hungary/CADSES region

B Summerdays(Tmax > 25 °C): no changesinthe nearfuture (2021-2050); by the end of the
century (2071-2100) the annual percentage of summerdaysis likely toincrease by about 7-14%
(upto 120 days per year)

B Hotdays (Tmax>30 °C): increase until 2071-2100 by 4-12% (about 62 hot days yearly according
to the RegCM simulations)

B Frostdays(Tmin<0 °C): Inthe future, the frequency of frost days is likely to decrease, by about
3-8% and 8-14% by 2021-2050 and 2071-2100 respectively (lessthan 55 days, in the lowlands
lessthan 25 days). The decrease is evidently largerin mountainous regions where frost days
occurred more frequently in the past.
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Heat waves (Tmean > 25-27°C for at least 3 consecutive days): occurrence is clearly projected to increase:
the frequency of heat wave warning casesis likely toincrease by 2-5days by 2021-2050 and 10-20 days by
2071-2100 relative t0 1961-1990. Inthe southern parts, the frequency of heat wave warning casesis likely to
increase by 24-30 days by 2021-2050, and by 40-50 days by 2071-2100). Heat wavestendto occur earlier

and lastlaterin the year. The total length of the possible occurrence of heat wavesis likely to extend by
abouta month by 2071-2100 (approximately 3days perdecade).

In general, it can be summarised that more extreme events, fewer frost daysin winter, more summerand

hot daysin summercan be expectedinthe basin. Heavy rains become more frequentand anincreasein
frequency andintensity of stormsis also envisaged.

Both possible future developments are projected for Eastern Europe in the scenarios, with lessand more
intense precipitation in winter.

Further knowledge on seasonal and regional distribution of heavy rainfallwould be important to be collected
for the basin.1®

15 It has to be noted that from comparingthe results of observation and modeling it can be found that there are
significantdifferences between the two information sources.|tdoes not mean that these differences candisappear
later (either the climatetendencies can be changed or the climate models can be improved or there will be a
convergence between the observations and the modeling).

Unfortunately, many of the adaptation measures and follow up activities are based on these two, unsupported
statements. These differences have to be investigated duringthe preparation ofany adaptation strategyinthe region.
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3 Information and Monitoring Needs on Climate Change
and Water Quantity

SdndorSzalai, Szent Istvdn University, Hungary and Zorica Srdjevic, University of NoviSad, Serbia

3.1 Introduction

Climateisavery complex system with several processes on different temporal and spatial scales. The
analysis of climate change consequences isto alarge extent dependent on modellingand modelsrely on the
monitoring of climate processes. The monitoring and modelling scales have to be fitted to the process scales,
interms of spatial and temporal resolution. If the monitoring scales are not appropriate to grasp the relevant
features of the process, then the network won’t be able to collectinformation adequateto form the basis of
the models, including regional climate models or catchment runoff models.

Therefore, itshould be realised that the first limiting factoris the monitoring system, the station density, and
itsoutput: the time series, theirlength and the quality of data. We need long series to get solid basis for
significant statistical statements, of reasonable quality, because measurements are quite frequentlyloaded
with errors (instrumental and/or human), and astation density needed for good spatial covariance to
describe smallerscale, nevertheless important, processes. In case of the modelling, we can neglect a process
(assuming notto be importantin a given case), parameterize it using statistical connections because of the
scarce information and model when we have enough scientific basis and datato calculate the given process.

Models need framework conditions, i.e. information about the surroundings requested for, but not
belongingto, the model. In case of climate change studies, the mostimportant conditions are the emissions
dependingon several factors. To serve the same framework conditions for each model, scenarios are
created. We do not know the development of humankindinthe future and therefore couple of scenarios are
developed to give consistent framework conditions forthe models.

Applied models are used to describe climate change impacts in different disciplines. The input scaling
requirements of these models usually differ from the ones of climate models causing further problems at the
descriptions and clarifications of changes.

Thereisan everincreasingdemand to know more aboutthe future climate. Consequently, all possible
climate research methods have to be used and synergized. Eveninthatcase, ourresults contain smalleror
largererrors and uncertainties. The main taskisto give as good results as possible about the climate and its
impacts, evenif ourknowledge contains gaps. Itis essential to give the best possibleinformation, including
the conditions of setting up and uncertainties. Acomparison of different uncertainties inherentin climate
change projections are shownin Figures 3.1 and 3.2. (Hawkins, 2013). Figure 3.1 shows uncertaintiesin
global mean temperature projection until 2100.
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Sources of uncertainty in projected global mean temperature
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Figure 3.2 shows that climate variability gives the largest uncertainty in the first decades. The absolutesize
of variability-caused uncertainty does not change intime, therefore its relative value decreases quite fast
and the model uncertainty has the largestimpact atabout mid-century. Inthe second half of the 21st
century the scenario-caused uncertainties have the largestimportance. Thatis the reason of why the used
scenarios have to be given and the latest scenarios are suggested to be used.
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Monitoring

The meteorological monitoring systemis one of the oldest and most global environment monitoring
systems. Itis an extensive system, with ahuge number of monitoring stations on global scale. The
Carpathian Regionisamongthe best covered with stationsin the world. Nevertheless, reports and studies
stillemphasize gapsin accessibility of meteorological dataas critical. For example, acomparison of 8 global
agricultural monitoring (GAM) systems from 2018 showed that meteodata gaps are considered from very to
extremely critical by more than half of the systems (FigureIll.3).
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Types of information gaps in agricultural monitoring

Reasonsforthat can lie intoo sparse spatial network of stations, underfunding, costs of operation and
maintenance, uncertainties related to measurements, data quality, etc. Solution forthese problems was
foundinthe use of numerical models of the climate system, which are nowadays widely used and have, in
many cases, a higher priority than the observation due to easier availability and the structured access of
data.

Sometimes, the use of numerical modelsisinevitable - climate investigations, forecasting the climateor
climate effects, and analysis of the effects of different developments of humankind are not possible without
the models. The problemis that users usually do not take care about the fact that modelling always means
simplification. Equations that describe physical processes are not able to describe all components of the
processes; amodellerhastodecide which components are lessimportantand neglect them while modelling.
But a component of the process havinglessimportance in general, can be veryimportantin special cases. In
such cases, neglecting can cause large errors in the final result and make derived conclusions, decisions,
strategies, or policies wrong, unreliable and less trustful.

Beside simplifications of the model, anotherissueimportantto consider duringthe development of climate
modelsislong-term good quality data. The length of time series depends partly on the variables according to
the development of the measurement technology, partly on the cost of the measurementinstrument. Also,
one should have in mind that the length of time seriesincreases slowly (by one in one year), and if the data
guality assurance is not standardized oris not on a necessary level, the data obtained in different countries
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can be different (sometimes not comparable). These problems are neglected quite frequently in orderto
increase climate models’ resolutionin space and time.

Therefore, measurements and modelling should be developedin parallel andin close interaction with each
other. The gaps of the model development can be filled by the development of the monitoring system and
the modelling requirements need to be followed at the implementation of new observation methods and
sites.

Finally, the information on data, model run results, applied data quality (DQ) method, scenario as well as the
climate model used, have quitefrequently been missing, making the evaluation of results onagood level not
possible orless accurate. Forexample, because of changing scenarios or DQ procedures, different results can
be designated with the same name; two homogenisation methods can create different outputsfromthe
same input; or, different models can produce different climate projections (projections can be affected by
the hardware as well). Therefore, in ordertoincrease traceability and comparability of results, climate
related studies should publish all information used therein.

Scenarios

To make the climate model results consistent, unified emissioninformation is required. (Consistency means
that the individualinput parameters, such as population, environment, economy etc., are fitting.)
Nakicenovicet al (2000) published the so-called SRES scenarios (from the publication title: Special Reporton
Emission Scenarios), where different development possibilities are described in a consistent way. The basic
SRES scenarios are as follows:

Al  economicandtechnological development
A2  heterogeneousworld, regional effects

B1 ’dematerialised’ world, clean technologies
B2  regional sustainability solutions

The Al scenariowas developed into ascenario family (A1B, A1F, A1T), where B means balanced, i.e. the
developmentrequested energy increaseis supplied by the increase of balanced energy sources (renewable,
fossil, nuclear, etc.). The strongestimpacts are in the case of A2, the mildestin B1 and the averagein the
A1B scenario.

The philosophically different, RCP (Reference Concentration Pathway) scenarios, were published in 2013. In
this case, the final aim was given first, i.e. how large the anthropogenicgreenhouse effect by 2100 in W/m?
will be Accordingly, we can differentiate RCP2.6, RCP4.5, RCP6.0 and RCP8.5 scenarios. The RCP2.6 seems to
be a too optimisticscenario, whilethe RCP8.5shows the situation when no action will happen.

3.2 Overview of the climate of the Carpathian Region

To describe the climate of the region, we used the database that has been created within the CarpatClim
project (see Spinoniet al,2014). Additional information on the database can be found on the homepage of
the project (www.carpatclim-eu.org) . Since the CarpatClim database contains information for the period of
1961-2010, our basicstatements are valid for this period.

Guidance Paper on Climate Change-Induced Water Quantity Issues 30



)

V?"Interreg B

Danube Transnational Programme

JOINTISZA

3.2.1 Temperature

Spatial distribution of temperature is primarily affected by the altitude and latitude. The coldest part of the

regionisinthe Western-and Northern-Carpathian mountains, butthe lower mountainsinthe Eastern-and
Southern-Carpathians cannot be detected at the 2 °C resolution of the Fig /11.4.

Because of the basin being open southwards, the warmest partis extended from Serbia up to Budapestand
Lake Tisza. The temperature change maps show a much more mosaic-like picture (Figs //l.5and I11.6). This

information was prepared forthe period of 1961-2010, i.e.for50 years. The period starts earlier, but covers
much of the present warming period fromthe mid 70’s till 2010.

The increase of temperature reaches atleast 0.6 °C, but can also be more than 1.5 °C. Except for the notvery
strongaltitudinal effect, a clear west-east gradient can be detected. Thisis probably connected to

precipitation changes. Forthe Tisza catchment, a warming of approximately1-1.2°C can be detected in this
period.
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The largest changes can be recognized in summerwith about 2 °C warming, and the smallestin winter, when
still decreasingtendencies existin the South-Transylvania. These negative tendencies are notsignificant,
expectedtodisappear, butstillexistingforthe given period. The W-E gradient and the altitudinal effect can
be detected practicallyin each season. The large summer warming has several negative effects, like more
frequentheat wavesandincreasing mortality as the consequence, as well as increased potential
evapotranspiration, increasing drought frequency, etc.

3.2.2 Precipitation

Precipitationinthe Carpathian Basinis characterized by a high spatial and temporal variability. Therefore the

maps in connection with precipitation show afragmented mosaicstructure. The changes can be large, but
mostly notsignificant because of the high temporal variability and standard deviation.

Remarkably, the north-northeast part of the Carpathians has larger precipitation values, whilethe eastern
and southern parts have much less humidity. The lowest parts of the Basin used to get 500 mm or evenless
of precipitation annually.
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The annual precipitation changes have aclear N-Stendency of increasing towards the north and decreasing
towards the south. Less expected isthe W-Etendency of a strong decrease towards the west. This makes the
basin-wideaverage less useful, by having alarge decrease inasmallerareaand a smallincreaseinalarger
area. The altitudinal effect can be detected mostly in the northern part of the region. This has an interesting
effectonthe Tisza River, because the summer precipitation decreases at the headwaters, while downstream
it flows through regions with increasing precipitation.

The climate model results are partly justified and partly not by the observed seasonal precipitation changes
that altogethershow a betteragreement with the RCP than with the SRES scenarios.
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The winter precipitation shows a clearincrease, supportingthe increase of winter flood events (mostly river
floods) by a strong agreement with climate models. Despite the climate model results, the summer
precipitationincreases in most parts of the territory, as well.

The summerand autumn precipitation show mostly the dryingin the western part of the Basin. The
unsatisfactory description of the climate in the transient seasons can be the reason for the lack of western
dryinginthe climate models. The quantitative changes can be differentinany season. Eveninthe most
wettingseason, in winter, drying areas can be found (although such dryingis notsignificant.)
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The most characteristicfeature of the changing precipitation is the intensity. Increasing intensity is counted
as a sign of climate change as well, butitis much more general than the quantitative changes. Fig. 3.10
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shows that the number of days with precipitation above 20mm isincreasinginthe whole region, with small
exceptions, and thisvariable can be taken as an indicator of the intensity.

In 1961-85 only the wind speed (decrease), relative humidity (increase) and sunshineratio (low decrease)
showed significant trends on an annual basis. In 1986-2010, we observed anincrease in cloudiness
(especiallyin winter), sunshine ratio (spring and summer), precipitation (summerand autumn) and
temperatures (all seasons), whilst wind decreased. In general, the Carpathians show less significant trends
than the surrounding plainsin 1961-2010, in particularinspringand summer. Inthe Carpathian region, the
solardimming overcame the global warmingin the 60’s and the 70’s, causing negative temperature
anomalies; then, afteratransition periodinthe 80’s, a solar brightening period occurred inthe 90’s and the
2000’s, enhancingthe temperature rise.

1961-85 1986-10
Win Spr Sum Aut Year Win Spr Sum Aut Year

cC | -0.22(90) 0.25 (90) 0.13 (90)
RS -0.03 (99) -0.01 (95) 0.03(95) | 0.02(90)

RR 34.26 (95) | 21.04 (90) | 20.94 (99)
RH 1.63(99) | 1.21(90) | 0.74(95) -1.56 (95)

PA -0.57 (95)
ws | -0.13(99) | -0.14(99) | -0.10(99) | -0.12(99) | -0.11 (99) -0.07 (98) -0.04 (99)
TN 0.60(99) | 043(90) | 047(99) | 0.60(99) 0.45 (99)
TX | -0.52(98) 0.72(99) | 0.69(90) | 0.79(98) | 0.76(99) 0.49 (95)
TM | -0.31(90) 0.66 (99) | 0.56(90) | 0.63(99) | 0.68(68) 0.48 (98)
DTR | -0.42(98)

Notations: In brackets: significance levels. Only trends significant at least of 90% are shown.
TN, TX and TM: Minimum, maximum and average temperature; DTR: daily temperature range; RR: precipitation; RS:
sunshine duration; CC: cloud cover; RH: relative humidity; PA: air pressure; WS: wind speed at 10 meters.

3.3 Present information availability

Databases

Many different databases are available, but most of them have not known data quality control and
therefore, they are notsuggested.

For present climate:

Two maintypes of the present climate databases are available: astation database and a gridded database.
Station databases contain measured data, while gridded databases contain interpolated data. Usually,
station data are not available where itisrequestedin the necessary density, therefore, aninterpolationis
used. If somebody would like to use theirown interpolation and/or data quality control method, orseemsto
have a methodology (thisis mostlynotthe case inreality), thenitis betterto use a station datadatabase. In
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case of a ‘trustful’ user, agridded database is suggested (the userbelieves the authors of the gridded
database know the meteodata better, and apply better methods than the usercould do).

The most-widely used station database isthe ECAD (European Climate Assessment and Dataset) in De Bilt,
Holland (https://www.ecad.eu/). This database is the climate data regional climate centre of the World
Meteorological Organisation. They collect the datafrom different countries and thereforethe database
containsregularly updated data. On the otherhand, the diversity of sources could cause problems (different
DQ methods, border problems) since they cannot use strong DQin the ECAD database.

The gridded database fromthe ECAD is the E-OBS database (available on the ECAD homepage). This
database is updated regularly, but could have quality problems because of the diversity of datasources.

For the Carpathian (and as it follows, the Tisza) region, aspecial gridded database was developed with the
support of the European Parliament, the CarpatClim database. It has a limited temporal size (because of the
lack of financing, it has not been updated yet) of 1961-2010. The benefit of this database in comparison with
the E-OBS database is that the authors of the CarpatClim were the data-owning organisations of the
countries and that they used a strictly common DQ and homogenisation procedure and a good quality of
interpolation (www.carpatclim-eu.org/).

For the future climate:

Based on the model calculations, theyare gridded databases. If station information can be requested, they
are usuallyinterpolated from the grid to the station.

1. SRES scenariocalculations are available onthe homepage of the Prudence and Ensemle projects.
Due to a strongly decreasinginterestin SRES scenarios, they have no significance any more.

2. RCP scenariooutputsare available onthe CORDEX homepage, globally: https://www.cordex.org/

For Europe, the CORDEX calculated aspecial, high resolution dataset: https://www.euro-cordex.net

Comparison of scenarios

Comparison of the SRES and RCP scenarios isimportantin the presenttransient period. Many impact studies
are based onthe SRES scenarios, yet. Jacob etal. (2013) investigated the A1B, RCP4.5 and RCP8&.5 scenarios
for Europe. The correlation between A1Band RCP8.5 temperatures is higher than 80% in each geographical
region with the lowest value of 82% for the Atlanticregion in 2021-2050, and the highest of 98% for the
Atlanticregion butinthe longterm. Precipitation projections show much larger differe nces. The lowest
values are about 60-70% for the continental, northern and southern part of Europe ina shorterterm (the
2021-2050 period).

Based on these results, it can be stated that while the A1Btemperature values are different from the RCP8,5
ones, they can be used forresearches, since the precipitation data are different enough notto use themto
avoid mistakes.
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Spatial correlation of RCP8.5 Climate parameter

and SRES A1B
Mean annual Annual total
temperature precipitation

2021—-2050 2071-2100 2021—-2050 2071—-2100

Alpine 0.88 0.05 0.02 0.94
Atlantic 0.82 0.08 0.87 0.94
Continental 0.94 0.06 0.72 0.02
Northern 0.97 0.07 0.59 0.81
Southern 0.90 0.89 0.71 0.06

The spatial distribution of the projections isshownin Fig. 3.11. It iseven visually clearthat precipitation
values have large differences and one of these different hot spotsisinthe Carpathian Basin. A1B shows less
precipitation than the RCP scenarios, butthere are differences even between RCP scenarios as well. The ‘no-
change’ areais around the Carpathian Basin, in some cases to the north of it, then the projection suggests
drierclimate, orto the south of itand then wettingis expected. If the model results are compared with the
presenttendencies calculated from the measurements, itis clearthat the RCP scenarios fit betterto the
observed datathanthe SRES scenarios.

As itfollowsfromthese, the results and applications based on the SRES scenarios using precipitation data
have to be revised and modified according to the changesin projections.

The RCP scenarios represent 2.6, 4.5, 6.0 and 8.5 W/m?2 anthropogenicgreenhouse effectsin 2100. An
estimation of the anthropogenicradiation forcing related to 1750 was 2.29 W/m? with a confidence interval
of 1.13-3.33 W/m?2in 2011. This meansthat the presentradiative forcing can be already higherthanthe 2.6
W/m2 scenariofor2100. Therefore, the RCP4.5scenario used to apply to the mild scenario.
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Application problems

The main characteristics of the modelled and measured fields are different, first of all the covariance.
Therefore, itis notsuggested to use individual model outputs, but rather distributionsforalongertime
period and/orarea. A statistical analysis may be needed. Forexample, Lakatos etal. (2016) has shown the
effect of an intensive thunderstorm on the return periods. The thunderstorm occurred in Budapest, on 17
August, 2015, when 83.3 mm rain fell within 1 hour. The return periods have been changed asinthe Table
11.3.
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Return |, 4 5 10 20 50 100 200
period
1998- 19.3 255 | 274 33 38.7 46.4 52.5 58.9
2014
1998- 19.6 283 |31.4 423 55.9 79.9 103.9 | 134.8
2015

The changes are not very large for shorter return periods, buttheyincrease 2-2.5timesona longertime
scale. Therefore, more detailed analysisis requestedin case of higherimportance tasks.

Important points at the climate data applications

Summarizing the main factors that should be checked for the use of past or projected climate data:

Past:

1. Data qualityand homogeneity. The description of the methods is availablein the above
suggested databases, but could be lacking in otherones. It has an additional uncertainty.

2. Pay attention tothe time periods used. It can have significance in case of the climate variables
with a high temporal variability, first of all.

3. Interpolation could cause an additional problem. The applied method has to be checked inthe
gridded databases. They used to be betterthan a simple interpolation method at the GIS.

Projection

1. Climate models have agridded output that makes theirapplication comfortable.

2. Usinga model outputfora special goal, the management of the special processinthe model
has to be checked. If the model does not contain the given process (orvery simplified), the
application of the outputs should be controlled.

3. Distribution of the model outputsis suggested. High resolution temporal and/or spatial data
applicationis misleading. Models cannot describe the high resolution characteristics of the
climatological variables.

In the synthesis report, Tsegaietal. (2015) describedthe ‘3key pillars’ of droughtrisk reduction, which can
be transferred to otherrisksin connection with water quantity:

1. Implementdrought monitoring and early warning systems:

B Monitorkeyindicatorsandindices of precipitation, temperature, soil moisture, vegetation
condition, stream flow, snowpack and ground water.

B Developreliableseasonalforecasts and develop appropriate decision-supporting tools for
impacted sectors.

B Monitorthe consequences of drought, especially the impacts to vulnerable sectors such as
agriculture.

B Communicate reliable warning messages and respondtothe risksin a measured and timely fashion

Guidance Paper on Climate Change-Induced Water Quantity Issues 39



(@G ;))

interreg M

Danube Transnational Programme

2. Assessdroughtvulnerability and risk:

Identify droughtimpacts on vulnerable economicsectorsincluding croppingand livestock
agriculture, biodiversity and ecosystem, energy, tourism, health sectors.

Assess the physical, social,economicand environmental pressures on communities toidentify who
and whatis at riskand why, before, during and shortly after drought.

Assess the conditions orsituations thatincrease the resistance or susceptibility to drought and the
coping capacity of communities affected by drought.

Assessthe extent of potential damage orlossinthe event of a drought.

3. Implement measurestolimitimpacts of drought and better responseto drought:

Implement structural or physical measures, as well as non-structural measures to limitthe adverse
impacts of a drought, prioritized based on the level of vulnerability (Key Pillar #2).

Response includes all efforts, such as the provision of assistance orintervention during or
immediately afteradrought disasterto meetthe life preservation and basic subsistence needs of
those communities and sectors that are most vulnerable and impacted.

Relevantto sectors affected by drought, based on theirvulnerabilities, particularly agriculture,
waterand the environment, but also health, transport and tourism.

Measures can be long-term, medium-term or short-term, depending on theirimplementation time.

e.g. biodiversity, land and ecosystem services play avital role in reducing vulnerability and
mitigatingimpacts of drought.

Based on the information, we can shortly evaluate the situationinthe JOINTISZA area:

Positive features in brief:

B griddeddatabasesexist, coveringthe whole Tisza catchment

B climate modelresults are availablein agood spatial resolution (nowadays Cordex, Euro-Cordex,
earlier Prudence and Ensemble)

B WMO projectsupportsthe seasonal forecast in the south-eastern Europe (SEECOF)

many organizations, commissions support the efforts of adisasterrisk reduction

B manymonitoring networks operate in different fields of environmentinthe region.

Some negative features:

B Differentdatabasesgive differentresultsinthe region. Forexample, the CarpatClim database is
strongerinthe use of the same DQ methods, butis not updated (finished in 2010), while the
E_Obs isup-to-date, but has less effective DQmethods.

B The modellingofthe climate of the Carpathian basin has some additional problemsin
comparison withthe neighbouring areas. The unsatisfactory spatial resolutioninthe models
could cause problemsinthe Basin.

B Theaccuracy of the seasonal forecast does notreach the level of operability.

B Theinformationflowandevenabasiclevel of cooperation are missingamongthe countries with
some exceptions. The expensive measuring systems, databases could be different (because of
the high costs, there is no hope to unify theminthe nearfuture, but harmonisationis needed).
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B Onlythe meteorological monitoring can be called satisfactory. In some cases, there are
inconsistencies even among nationalmeasurements and even more so at the transboundary
level. There are significant differences between methodologies, applied techniques, archiving
methods and regarding the time the data have become available to awiderauditorium.

The Tisza-basinis a sophisticated area from a climate change point of view. While models give relatively
unified pictures for atemperature change, the precipitation tendencies are very different, dependingona
scenarioand a model. The reasonforthatis the zero-change isoline beingin the vicinity of thisregion. Ifa
model shiftsthisisolineabitto the north, precipitationincreases, if abittothe south, thena decrease
would be forecasted. According to our present knowledge, the quantitative change of annual precipitation
will have lessimpact thanits extremity. Independent from the tendency of annual precipitation, the
extremeness of precipitation will increase and more frequent and severe drought events and floods can be
expected. Management of this situation is extremely important at the adaptation to climate change. In spite
of the uncertaintiesin annual precipitation totals, it seems that the RCP scenarios predict more humid
climate future than the SRES scenarios (and itfits betterto the present climate tendencies, as well) (Fig.
111.12 and I1.13). Furthermore, alarger temperature increase will give less precipitation and larger spatial
variability than asmallerone amongthe different RCP scenarios.
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Figure 11l.12 shows that the annual precipitation sum canincrease by about 20 % or even decrease.
The two regional climate models (RCM) are the RegClim and the Aladin, and the two scenarios are the 8.5
and 4.5. It can be clearly seen that more detailed information about the models and scenarios is needed
duringthe climate projection applications. Furthermore, the global circulation model (GCM) forcing the RCM
has an impacton the results as well. Large differences can occurevenin same RCM, same scenario, but
different GCM. Unfortunately, information about the models, especially aboutthe GCM is frequently
missing, making the comparison of climate projections difficult.

The increase of precipitation intensity and the increase of frequency and probably the magnitude of
extreme events seem certain.
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Figure 11l.13 shows that the daily precipitationintensity willincrease in all European regions, perhaps
a bit lesstothe end of the 21th century than in the middle of the century, but the differences are notvery
large. Thischangeis general in Europe despitethe very different precipitation quantity changes.

2070s
ECHAMA

Future return period [years] of less frequent no change more frequent
droughts with an intensity of today’s | |
100-year events: < 100 70 40 10 >

Figure 11l.14. shows the drought changesin the return period compared to the today’s 100-year events for
two models. The similarityis good in the western- Europe (France, Spain, Portugal, UK) and inthe northern
part of the continent, but weak for Italy, Poland and the SEE region, among others for the Carpathian Basin
and the Tisza catchment. While the ECHAM4 model gives less frequent droughts for Transylvania, HadCAM3

suggests more frequent events, some places even with areturn period of 10 yearsor less. Asitfollows, the
uncertainties have to be discussed.

3.3.3 Uncertainties

Climate researchisloaded with uncertainties (uc) of adifferent origin. Basically, uncertainties can be
dividedinto three classes:
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B Typel: aleatoricuc:systeminherent, notavoidable
B Type 2: Epistermicuc: model inherent, can be reduced

B Type 3: Forcinguc: conditional on forcing scenario (evenif the model would be perfect, itwould
input uc)
Uncertainties of the pastand presentare based on the observed/measured data: station distribution

and density, length of the time series, accuracy and quality of the time series (including homogeneity) and
interpolation tools.

For example, Figurelll.15shows maps drawn by two good quality interpolation methods. Nevertheless, large
spatial differences can be detected between the two maps. In case of decision-making, these differences can
cause problems.

The nextlevel of uncertainty is connected with the climate modelling.

initial state

analysis of
future climate
at regional
scales

global model
(~ 200 km)

regional model
(~ 20 km)

The basic problems associated with the modelling are as follows: Climate is arandom system: complex, high-
dimensional, non-linear, and realistic climate models attempt to model this random system. But models are
always reductions, introducing new uncertainties. Global models have the problems of a spatial resolution
whichisstill about 100 km. The topographical units and processes with alower resolution cannot be
modelled, but parameterized with a higher uncertainty. Frequently, we do not have satisfactory datafor the
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higherresolution with appropriateaccuracy. And if we do, we thenface the problem of computer capacity

and accuracy. The resolution and computer problems are resolved with the help of the regional climate
models, but we have another problem of missing coupling of the two models.

Datasets for evaluating the modelresults can introduce further uncertainties: ones have not strongenough
management methods, while others do not have updated data. The comparison of databasesforuse in
climate model evaluations could show spatially large differences.

The spatial and temporal resolutions cause uncertainties in the use of climate modelresults forapplied

purposes (applied models). Forexample, Fig. Ill.17shows the requested scales for different kinds of forest
models, which cannot be fulfilled in most cases by the climate models.

Insect
Calamities

Operational Unit

Harvesting
Cell

. Technological

Space (log Distance (m))

IPCC (2019) recognised two primary types of uncertainty:

"Uncertainties can be classified in several different ways according to theirorigin. Two primary types
are ‘value uncertainties’ and ‘structural uncertainties’: Value uncertainties arise from the incomplete
determination of particularvalues orresults, forexample, when dataare inaccurate or not fully
representative of the phenomenon of interest.

Structural uncertainties arise from anincomplete understanding of the processes that control
particularvalues orresults, forexample, when the conceptual framework or model used foranalysis d oes
not include all the relevant processes or relationships.

Value uncertainties are generally estimated using statistical techniques and expressed
probabilistically. Structural uncertainties are generally described by giving the authors’ collective judgme nt
of theirconfidence in the correctness of aresult. In both cases, estimating uncertainties is intrinsically about
describing the limits to knowledge and for this reason involves expert judgment about the state of that

knowledge. A different type of uncertainty arises in systems that are either chaoticor not fully deterministic
in nature and this also limits our ability to project all aspects of climate change".

Furthermore, uncertainties of climate projections for policymaking can be consideredinthree
groups:

B Uncertaintiesaboutfuture climate forcings,
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B Uncertaintiesabout how the climate system will respond to past and future forcings,
B Limitations of climate scientists'models and methods for developing climate projections.

The policymaking process has been bogged down in the politics of justice and equity whilst GHG
concentrations have beenrising ata dangerous rate and climate science has become more uncertainin
some respects. Uncertaintyinthe science and in the methods and tools used by clim ate scientists has led to
the confusioninthe policymaking process.

Treatment of Uncertainty

Climate scenarios and climate modeling (GCMs, RCMs,
different reference and scenario periods)

IPCC emission scenarios \ l

Quality of data s ’ Model uncertainty
Uncer-

Furtherimpacts (socio- talntv h Transferability of

economic, political) \ model results
Different scales / spatial resolution /
Temporal resolution

Hydrological and water use models,
validation and analysis methods

varying catchment sizes

Different status of projects Number of statements
{finished — ongoing) for each impact
Variables to determine a specific for each
impact:

1. Certainty of statements
2. Level of agreement of different statements

3. Amountof studies

Figure 111.18. gives the theoretical basis for the classification of the certainty categories. One of the

practical applicationsisinthe Danube Adaptation Strategy. The changing uncertainties between the firstand
second version of the Strategy are shown on Figurelll.19.
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3.4 Monitoring systems

specificparametersin countries participatinginthe JoinTisza project.

Hungary and Croatia

Serbia

number of all stations

number of stations from
neighbouring countries

Daily mean temperature 68 19
Minimum airtemperature 68 19
Maximum air temperature 68 19
Daily precipitation 233 33
10 m wind direction 66 17
10 m horizontal wind speed 66 17
Sunshine duration 33 17
Cloud cover 66 19
Global radiation 33 17
Relative humidity 68 19
Surface vapour pressure 68 19
Surface air pressure 41 15

number of all stations

number of stations from
neighbouring countries

Daily mean temperature 39 12
Minimum airtemperature 39 12
Maximum air temperature 39 12
Daily precipitation 114 16
10 m wind direction 40 11
10 m horizontal wind speed 40 11
Sunshine duration 28 10
Cloud cover 39 12
Global radiation 28 10
Relative humidity 35 12
Surface vapour pressure 35 12
Surface air pressure 26 12

Romania

The followingtables providethe number of surface (insitu) meteorological stations measuring
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number of all stations | number of stations from

neighbouring countries
Daily mean temperature 140 16
Minimum airtemperature 140 16
Maximum air temperature 140 16
Daily precipitation 182 16
10 m wind direction 119 15
10 m horizontal wind speed 119 15
Sunshine duration 112 12
Cloud cover 110 16
Global radiation 112 12
Relative humidity 140 16
Surface vapour pressure 182 16
Surface air pressure 139 15

Ukraine

number of all stations | number of stations from

neighbouring countries
Daily mean temperature 53 14
Minimum airtemperature 53 14
Maximum air temperature 53 14
Daily precipitation 57 18
10 m wind direction 53 14
10 m horizontal wind speed 53 14
Sunshine duration 24 12
Cloud cover 53 14
Global radiation 24 12
Relative humidity 53 14
Surface vapour pressure 53 14
Surface air pressure 49 10

Slovakia

number of all stations | number of stations from

neighbouring countries
Daily mean temperature 59 37
Minimum airtemperature 59 37
Maximum air temperature 59 37
Daily precipitation 165 102
10 m wind direction 53 31
10 m horizontal wind speed 53 31
Sunshine duration 27 16
Cloud cover 52 30
Global radiation 29 17
Relative humidity 44 22
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Surface vapour pressure 52 30
Surface air pressure 26 18

3.5 DriDanube information service project
The following sub-chapteris based onthe work of Susnik et al (2018).

The Danube catchment area is characterized by high climate variability, especially in terms of precipitation. A
neighbouringregionisthe Mediterranean region, where climate model projections unanimously show a
strong summer precipitation decrease. Observations show a growing frequency and severity of drought
events, especiallyinthe middle and lower part of the Danube region.

A growing number of heat waves and temperature increase in summer, the most warming season, cause
more frequent summerdroughts. High precipitation variability can cause droughts even in wintertime
despite agenerallyincreasing precipitation in this season. Growing drought damages directed the interest to
this disaster. That was the reason why the Slovenian Environment Agency engaged different institutions
across the Danube regiontojoinforcesin preparinga proposal forthe project entitled Drought Riskin the
Danube Region (DriDanube). The project was submitted to the call opened within the Interreg Danube
Transnational Programme. It was accepted forfinancing forthe period January 2017 — June 2019. The
project’s web-pageisat http://www.interreg-danube.eu/approved-projects/dridanube.

The main objectives of the DriDanube project are asfollows:

- toincrease the capacity of the Danube region to manage drought related risks;

- toimprove drought monitoring by operational innovative service (Drought User Service);

- tounifydroughtrisk assessments based on the Civil Protection Mechanism;

- toimprove droughtemergency response (to change mainly ad-hocdrought response to pro-active
response based onrisk management procedures).

The DriDanube’s main expected resultis an improved drought emergency response and better cooperation
among operational services and decision- making authorities in the Danube region. Its primary target groups
are the following:

- National Hydrometeorological Services

- Emergencyresponse authorities

- Non-governmental organizations

- Waterand farmercommunities/chambers
- Industries

Based on the objectives above, the following outputs are foreseen:

e Droughtuserservice

e Methodologyfordroughtriskassessment

e Methodology fordroughtimpactassessmentincluding forecast

e Pilotactionstestingthe Drought userservice and both methodologies

e Capacity buildingon anational and regional level

e Stakeholders’ engagementin development of the DriDanube tools and theiruse in everyday work.
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Beinginthe secondyearof the project, some of the results are already available as prototypes. Figurelll.20.

demonstrates how the Soil Water Index will be visualized in the Drought User Service interface. Results of
the methodology developed for droughtimpact assessmentincluding forecast are given in Figure /1. 21.
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Figure 111.20: Soil Water Index on 19 August 2018 across the Danube region as seen in the Drought User
Service
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Figure I11.21: Drought impact on main crop yield in the Danube Region for the week 47, 2018
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The DriDanube project works in close co-operation with other DTP projects having similar topics using

synergeticeffect of their cooperation. These projects are the following: JOINTISZA, CAMARO-D and DANUBE
SEDIMENT.

3.6 Information gaps

The Tisza valleyis arelatively highly developed region, with a dense measuring network, existing longerterm
time seriesand both remote sensed andin situ measurements. There are quite welldeveloped research
activities and several publications.

Despite of these, many problems hinderthe higherlevelregional cooperation:

- Metadata information has to be strengthened: in many cases, more information is needed to reach higher
quality results

- Harmonisation problems (measurements, data management): Measuring networks is expensive, therefore
it is not expectedto unify observing systems, but theirharmonisation forregionalstudies is necessary

- Model results should be managed with care, knowing which processes are described in the modeland
which are neglected, whatisthe accuracy, forwhich problems the results can be used. Climate projections
are suggested to be used according to theirdistribution and not as individual values. Observation data
needs quality control and homogenisation; without them theirapplication in the climate change studiesis
not suggested

- Developingremote sensing (RS) techniques is suggested toimprove the point surface measurements. The
common use of RS and surface methods increases the accuracy of the data and helps develop better models
with more available variables

- Fast data exchange isrequested. Information exchange should be fasterto improve the quality of common
services, such as early warning

- Regional analysis: The countries in the region are not very large, making the near-border problems larger.
Most of the water flows are transnational requiring international cooperation.

- Stakeholder connection hasto be improved and adialogue withthem can substantiallyincrease the
benefits of measurements and models.
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3.7 Conclusions

It can be stated that much work has been done, but many further efforts are requested. More and more
information will be available and their common and updated application is requested. The Tisza catchment s
ina good situation, because a high spatial resolution, daily temporal resolution high-quality climate
database, the CarpatClim database, is available. Itis acommon effort of the national climate services of the
countries and provides asolid basis for scientificand practical work for 1961-2010. It should be updated and

lastyears added. A continuous interdisciplinary scientific development needs capacity building
developmentsaswell
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Chapter 4 Climate Change-Impacted Hydrology and Water
Quantity in the Tisza River Basin — Issues and Adaptation
Measures

Chapterauthors: Branislava MaticJCl and Miklos Szalay OVF

4.1 Tisza River Basin hydrology

The TRB isthe largest sub basin of the DRB, with an area of 157,186 km?(19.5 % of DRB) and 825 m?3/s
average flow. Togetherwithits tributaries, the Tisza Riverdrains the largest catchmentareain the
Carpathian Mountains before flowing through the Great Hungarian Plain and joining the Danube Riverin
Serbia. An overview of the basin and its main watercoursesis shown in Figure V. 1.
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There are two parts of the TRB, the mountainous UpperTiszaand its tributariesin Ukraine, Romaniaand the
eastern part of the Slovak Republic, as well as the lowland parts mainly in Hungary and in Serbia surrounded
by the East-Slovak Plain, the Transcarpathian Lowland (Ukraine) and the plains in the western borderlands of
Romania. Onthe otherhand, the TiszaRiveritselfis divided into three main reaches:
B The UpperTisza, upstream fromthe confluence of the Somes/Szamos River;
B The MiddleTisza in Hungary, which receives the largestleft-bank tributaries: the Somes/Szamos
River, the Crisul/K6rds River System and the Mures /Maros Riverdraining Transylvaniain
Romania, moreoverthe largestright-bank tributaries: the Bodrog and the Slana/Sajd Rivers
togetherwith the Hornad/Hernad River collect water from the Carpathian Mountains in the
Slovak Republicand Ukraine, and the Zagyva Riverthat drains the Matra and the Bikk
mountains;
B The Lower Tisza (downstream from the mouth of the Mures/Maros Riverthat receivesthe
Bega/BegejRiverand othertributaries indirectly through the Danube —Tisza — Danube Canal
System in Serbia.

Until the middle of the 19 century, the TiszaRiver had repeatedly inundated some 2 million hectares along
its course. The first survey of the rivervalley was done between 1833 and 1844, and Pal Vasarhelyiissued a
planfor riverbed training with 121short-cuts alongthe riverin 1846. This plan was declinedandanew plan
with 21 short-cuts was acceptedin 1847. Rivertraining works finally began afteradisastrous flood in 1855
and 112 short-cuts were made by 1875. The length of the Tisza River was shortened from cca. 1,400 km to
present-day 966 km.

In the present reporting period (during the implementation of the JOINTISZA project), the Tisza countries
provided dataforminimum, maximum and average discharge at the hydrological stations exhibited in Figure
IV.2for the period of 1985-2015. More details are presentedin Annex 1.
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4.2 TRB RELEVANT WATER QUANTITY ISSUES AND DPSIR FRAMEWORK

Long term tendenciesin runoff provide importantinformation from a climate change point of view. Their
causes needto be identified, becausethisis the background against which the predictions on climate change
effects onrunoff have to be made. The four main reasons of shifts, upward or downward tendenciesin
mean annual or semi-annual runoff, are as follows:

B changesin catchment runoff conditions, such as changesin vegetation cover (especially
deforestation/reforestation), urbanization (growth of impervious surfaces) orriver regulation,
excess waterdrainage, etc..

B changesin water use, e.g. construction of reservoirs, thus increasing evaporation losses and the
resulting temporal modifications in runoff, increasing consumptive water use (especially
irrigation).

B waterdiversionintoor fromthe river, river basin or sub-catchments.

B climatechange, manifestingitselfin changes of rainfall quantity, intensity ortemporal
distribution, as well asin changes of evaporation and evapotranspiration due to airtemperature
changes.

High flows

Rainfallin the Carpathian Mountains can be substantial and sudden. Extensive runoff, floodplain
deforestation and river canalisation reduce the ability of the catchment to attenuate aflood wave. Inthe
mountainous regions, flash floods are commonin springand summer. These are furtherintensified by a low
infiltration capacity of the soils in the Carpathian Mountains.

These floods might cause inundation in lowland areas. Floodingis a natural event necessary forriverine
ecosystems, butitisalsoa significant threatto communities settled in the floodplain.

When heavy rains occur, flooding threatens human lives as water levels rise quickly without a sufficient
retention capacity. Floods generated in Ukraine, Romania and Slovakia are mainly rapid short-lasting floods
and last for 2-20 days, with flooded areas situated on the superior Tisza courses or on the tributaries. Large
floods onthe Tiszain Hungary and in Serbia, in contrast, can last for as longas 100 days or more (the 1970
flood lasted for 180 days). Thisis due to the very flat characteristic of the riverin this region and multi-peak
waves that may catch up on the Middle Tisza, causinglongflood situations. Also characteristicof the Middle
Tiszaregionisthat the Tisza floods often coincide with floods on the Danube and on its tributaries, which is
especially dangerousin case of the Somes/Szamos, Crasna/Kraszna, Bodrog, Cris/Kords and Mures/Maros
Rivers.

Mean annual runoff

Runoffinthe Tiszariverbasinis highly variablein both space and time. Spatial differences can be viewedin
Figure IV.2: areal mean annual runoffis the highestin the Carpathians, especially at the Tisza headwaters,
where itreaches above 1000 mm/year, whereas in the Hungarian plainitisonly at around 25-50 mm/year.
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Changes within a50-year long runoff time series atZdhony onthe TiszaRiverare shownin FigurelV.3, for
the hydrological yearand the summer half-year, including adownward linear trend calculated for the whole
period. The Zdhony gauging station has been chosen forbeing upstream of major water uses and diversions.
Nevertheless, the annual decrease amountsto 3.85 m3/s for the summerand 2.40 m3/sfor the hydrological
year. The latter mainly reflects the summerdecreasesince winter flows do not show significant tendencies.
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Runoffinthe summerhalf-years during the 50-year period of 1969-2018 has receded by a total of 190 m3/s.

Low flows, water scarcity and drought

Water scarcity is often thought to be a synonym fordrought, although these are ratherdistinct terms. Based
on (MWS&D WG, 2007), the following definitions can be given:

Water scarcity is an imbalance between demand (water requirement) and an exploitable part of water
resources. Waterscarcity can be

- structural, due to the scarcity of the average resources compared toincreasing or excessive demands;

- random, due to the failures of water managementstructures, distribution systems oran unforeseen,
temporary increase of demand;

- socio-economic, because of astructural or randominsufficiency of asystem means of use (poverty, lack
of finances for maintenance, defect ortechnical accident) or can even result from excessive demands
compared to the needs.

Droughtisa normal, recurrent feature of climate, although often erroneously considered an unexpected and
extraordinary event. It occursin virtually all climaticzones, butits characteristics vary significantly from one
regiontoanother. Droughtis a temporary extremity within the natural variability and can be considered an
insidious hazard of nature. (Italso differs from aridity, whichis along-term, average feature of climate.)
Droughts generally result from a combination of natural factors that can be, in fact, enhanced by
anthropogenicinfluences, including climate change. The primary cause of any droughtisa deficiencyin
rainfall, and, in particular, the timing, distribution and intensity of this deficiency in relation to the existing
water storage, demand and use. This deficiency canresultinashortage of water necessary forthe
functioning of anatural (eco-) systemand/ or necessary for certain human activities (MWS&D WG, 2007).
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Based on the data and information provided on the TRB meteorology and hydrology in previous chapters,
changesin precipitation and temperature (Chapter 3) will very likely generate achange in frequency and
magnitude of extreme hydrological events, both floods and droughts. Given thatand anincrease in water
demand and groundwaterabstraction, in addition to the TRB Significant Water Management Issues that can
directly orindirectly affect the status of ground waterand surface water bodies (pollution by organic
substances, pollution by nutrients, pollution by hazardous substances, and hydromorphological alterations),
the ICPDR TG identified key water quantity issues (floods and excess water, drought and water scarcity and
climate change) relevant to the TRB and identified inter-linkages between water quality and quantity related
managementissuesin FigurelV.5.
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The European Environment Agency (EEA) proposed the use of a framework for describing the interactions
between society and the environment, distinguishing driving forces, pressures, states, impacts and
responses, known as the DPSIR framework;ithas been widely adopted by the EEA, actingas an integrated
approach to reporting, e.g. in the EEA’s State of the Environment Reports. The Driver-Pressure-State-lmpact-
Response (DPSIR) Framework provides astructure forthe requiredindicators to enablefeedback to decision
makers on environmental quality and on the resulting impact of the choices made orto be madein the
future (Kristensen, 2004). Figure IV.6depicts the DPSIR framework overvie wwith causal flows and lines of

influencebetweenthe driving forces, pressures, states and impacts on ecosystems, human health and
functions.

& = Causal flows

wote Lines of influence

Kristensen P., 2004)

Establishing the DPSIR framework for a particularsettingis acomplex task as all the various cause -effect
relationships have to be carefully described and environmental changes can rarely be attributed to a single
cause. Whenit comesto the River Basin Management Planning (RBMP) at the transboundary level,
application of the DPSIR framework is even more challenging, given the RBMP complexity, diversity among
the riparian countries, different priorities at the country level, etc. Given the diversity of the TRB, uneven
distribution of precipitation and runoff, etc., as well as the visions and management objectives identified in
the Integrated Tisza River Basin Management Plan (ITRBM) that reflectthe jointapproach amongall Tisza
Basin countries and support the achievement of the EU Water Framework Directive (WFD) and EU Floods
Directives objectives, there is aground forthe application of the DPSIR framework in addressing hydrology,
water quantity specificissues and measures that contribute tothe TRBresilienceto water quantity issues.

With respect to the above, the DPSIR framework for the TRB water management and water quantity issues
that will overcome challenges due to the CCrequires identification of the driving forces (what causes the
pressures, e.g. irrigation, industry, urban land development, land use changes), pressures (e.g., climate
change, floods and excess water, droughts and water scarcity), state (water quantity, surface and
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groundwater status, etc.), impacts (increase in water demand by different users and flood risks, loss of
biodiversity, adverse effects on water status) and responses (measures, guidelines, policy measures, etc.).

As aresponse tothe CC and water quantity issues, anumber of transboundary and national projects (as
mentionedin Chapter2(The full list of projects and studiesis availableinthe D4.2.1, D 4.3.3, and D 5.1.2),
strategies, and studies have been devel oped to comprehensively evaluate the CCimpacts on water
resources managementand to address measures that contribute to the CCadaptation.

In additionto the CC adverse impacts withinthe TRB on floods and droughts, analyses and comparison
between present water use and future waterdemand (by 2021) for selected indicators (JOINTISZA
deliverable 4.2.1),i.e., the value of 1,409.84 Mm?3, regardless of the source of water, is significantly lower
than the waterdemand planned by the end of the next planning period of 2,585.67 Mm3, e.g., at
approximately 54 %. Additional pressures that should not be neglected are the so-called priority pressures
and resultingimpacts (ITRBMP) linked with floods and excess water and droughts and water scarcity. For
floods the following pressures apply:

Hydro-morphological alteration due to flood protection measures

Accidental pollution due tofloods

Disconnection of adjacent wetlands/floodplains
B Solidwaste
In addressing drought and water scarcity, the following priority pressures should be considered:

B Groundwateroverabstraction

B Increasedirrigation and related surface waterabstraction

4.3 Adaptation measures relevant to water quantity and CC within the
TRB

The measures proposed foradaptation to climate change for water quantityissuesareinline with visions
and management objectives relevant to water quantity within the TRB (ITRBMP, 2011). In addition, these
measuresare in line with the TRB countries national policies and legal framework.

IV.1Flood risk management proposed measures in the Tisza River Basin

Field of action Measure category Type of measure IW
¢ Y RO SK | HU RS | UK

The definition of a | egislative, organizational
and technical framework for the Floods X X X X X

Directive implementation

Reviewing and updating plans for flood risk

X X X X X
L management
Prevention Organizational measures it P —
(legislative, institutional ...) Coor |r'13t|on ofterritorial planning
strategies (plans for development of
planning at national, countyand regional
X X X X X

level) and urban plans
(Regional/Urban/Zonal/Plans) with plans
forfloodriskmanagement
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Natural water retention
measures —associated to
watercourses, wetlands,
natural lakes, inaccordance
with the Directive 2000/60
JEC

Measures to restore retention areas (flood
plains, wetlands, etc.)

Changeoradaptlanduse
practices (partial recovery of
ecosystem functions or
structures modified by
changing oradapting land
use practices)inurban areas

Natural water retention measures in urban
areas

Changeoradaptlanduse
practices (partial recovery of
ecosystem functions or
structures modified by
changing oradapting land

Natural waterretention measures by
changing oradapting land use practices in
forest management

infrastructure

Protection use practices)forforest
management
Other measures to reduce water levels
Measures to improve retention capacityat
the riverbasinlevel bya construction of
polders and small retention reservoirs
(madeintheupperpartoftheriverbasin)
Otherwaterretention Measures to improve retention capacityat
measures the riverbasinlevel byincreasingthe safety
of existing large dams / increasing the
attenuation capacity of reservoirs towards
the projected capacity
Structural protection measures (planning
and accomplishing)
Measures forincreasing resilience of
Measures forincreasing population (Implementation and adaptation
populationresilience of protection measures at multiple
objectives —buildings, constructions)
Inspection measures and Surveillance, behaviour monitoring,
maintenance of expertise, strengthening interventions,
watercourses and of the rehabilitation and maintenance of
hydraulicflood defence watercourses and hydraulic flood defence
Protection

infrastructure

Adapting of the existing
defence structuresto
climate change conditions

Adaptation ofthe construction,
infrastructure and existing defence
structures interms of climate change

Publicawareness

Measures to increase
community awareness

Activitiesregarding adequate public
informationand promotion of the public
participation

Education / training activitiesof the
population

Preparedness

Preparedness measures
/Improvement of
preparedness to reduce the
adverse effects of floods

Measures for monitoring, forecasting and
flood warning

Development/ reviewing ofthe flood
defence plansin correlation with other
emergencysituation management plans
(GIES- General Inspectorate for Emergency
Situations)
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Simulation exercise activities involving
interinstitutional parties

Providing personnel, fundingand materials
neededin emergencysituations and - X - X X
stimulation of voluntaryactions

Response actions in case of emergency

Response and . . - X - X X
P Post-eventrecovery situations
Recovery/

. measures Damage assessment and restoration - X - X X
Reconstruction

Documentationand Analysis - X - X X

Common synergies of the proposed measures

Analysing the measures proposed by each Tisza country, itis noticeable that there isalready acommon
thinkingtoreduce the flood risk and to increase the level of population protection. Thus, they aimtoreach
the following common goals:

- increase the storage of capacity in the Tisza river basin — by creating polders and small retention
reservoirs made in the upper part of the tributary river basin, increasing the safety of existing large
dams and increasing the attenuation capacity of reservoirs towards projected capacity in the upper
Tisza river basin,

- involve the publicin elaboration of different plans,

- increase the degree of monitoring, forecasting and flood warning, etc.

Also, the potential measures proposed by each country have taken into accountthe link with the EUSDR
targetsl6that have been validated at the meeting of National Coordinators and Priority Area Coordinators
heldin Bratislavaon 23 May 2016. These measures contribute to the achievement of the EUSDR targets, but
due to the fact that the present documentis a report dedicated to potential measures that will contribute to
flood risk mitigation at the Tiszariver basinlevel,not all of the targets can benefit fromthe proposed
measuresand the link betweenthemis presentedinthe table below (TableVII.2.).

Field of T f for flood risk
Priority Area of EUSDR Targets of EUSDR |e. o Ype ofmeasure for food ris
action management

Provide and enhance continuous supportto the The definitionof a legislative,
implementation of the Danube Flood Risk Management organizational andtechnical framework

Priority Area5 “To
v Plan—adoptedin 2015 inline withthe EU Floods Directive for the Floods Directive implementation

manage environmental . L X . Prevention

risks” —to achievessignificant reductions of flood risk events by Reviewi dupdati lans for flood
2021, also taking into account potential impacts of climate _eV'engan updating plans for floo

. . risk management

change and adaption strategies
Enhance the work on establishing green infrastructure and Measures torestore retentionareas
the process of restorationof at least 15% of the degraded (flood plains, wetlands, etc.)
ecosystems, including soil,in orderto maintain and Naturalwaterretention measuresin
enhance ecosystems and their services by 2020in the urban areas
Danube Region and toimprove air quality Natural waterretention measures by

Priority Area6 “To
preserve biodiversity,
landscapes and quality
of air and soils”

changing or adapting land use practices
Protection | inforest management

Other measures toreduce waterlevels
Measures toimprove retention capacity
at the river basinlevel by creating
poldersandsmall retention reservoirs
(made intheupperpart of theriver
basin)

16 http://www.danube-region.eu/about/our-targets
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Field of T f for flood risk
Priority Area of EUSDR Targets of EUSDR |e. o YRERTIMESSUIEINIRESciis
action management

Measures toimprove retention capacity
at the river basinlevel by increasing the
safety of existing large dams / increasing
the attenuation capacity of reservoirs
towards the projected capacity

Contributionto ensuring inclusive education, training and
promotinginclusive labour markets, equal opportunities Protection Education/training activities of the
and non-discrimination as well as the promotion of civic population

) “«
Priority Aread “To competences and lifelong leaming opportunities for all

invest in people and
skills”

Contributionto an increased quality and efficiency of Providing personnel, funding and
education, training and labour market systems materials needed in emergency

Protection . R . .
situations and stimulating the voluntary
actions
The UPDR helps generate, through the exchange of Development / reviewing of the flood
Priority Area 10 “To . R PS8 € & . P / g .
L information andsupport, atall levels of cooperation, for defence plansin correlation with other
step up institutional o . o
capacity and 25% of the UPDR stakeholder organisations, at least one Protection | emergency situation management plans
cooperation” Urban Danube Project, furthering the aim of better (GIES-General Inspectorate for
P spending Emergency Situations)

4.3.2 Draught and water scarcity measures

There isan indication that current water use in the TiszaBasin will increasein the nearfuture, withavery
significantincreasein wateruse forirrigation. However, thereisaneedfor better knowledge of the spatial
distribution of water use and future demands relevant to the TiszaRiver Basin. One elementisthe
establishment of commonindices to definedroughts and to geta betterinsight of water scarcity across the
Tisza Basin.

Table IV.3: TRB Drought and water scarcity measures implementation

pward e enao 0

UA RO SK HU RS
Establishment of common indicesto definedroughtsand NS IG IG IG IG
to geta betterinsight of waterscarcity across the Tisza
Basin
Maps with waterscarce areas identified forthe TiszaBasin. | NS co IG IG NS
Collection of more precise information onirrigation and PG co co IG,CO | IG
groundwater depletionis needed forthe future uses.
Changesin agricultural practices PG co IG IG PG
Reduction of leakage rates PG IG NS IG NS
Improvingirrigation efficiency PG IG IG PG

Development of an agreed-upon groundwater model to NS N/A | N/A | N/A NS
assessdepletion
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UA RO SK HU RS

Coordinated approach to water allocation and application | PG co co IG PG
of economicincentives ortools such as water pricing
Overview of the methodologies used for establishing NS co IG IG PG

minimum national ecological flows to be prepared (to lead
to an agreement on comparable limits and approachesto
managing low-flow situations)

Establishment of comparable national approaches to NS co co co IG
monitorand report groundwaterabstractionto ensure
better management and regulation of groundwater
resources

Any other IG

For drought and waterscarcity measures, the criteriafortheirimplementation is based on an approach
agreed by the EU Water Directors, i.e., NS (not started), PG (planning ongoing), OG (ongoing) and CO
(completed) fordifferent types of measures.

4.3.3 Climate Change measures

Based on the ICPDR Climate Change Adaptation Strategy (2012, 2018), climate change is scientifically
confirmed worldwide, inter alia, by the Fourth Assessment Report of the Intergovernmental Panelon
Climate Change (IPCC).. Despite ambitious international climate protection objectives and activities,
adaptation to climate change impactsis urgently needed. Water, together with temperature, isin the centre
of the expected changes. Due tothe fact that wateris a cross-cuttingissue with majorrelevance for different
sectors, wateris key to taking the required adaptation steps. Inthe Danube RiverBasin, climatechange is
likely to cause significantimpacts on waterresources and can develop into asignificantthreatif areduction
of greenhouse gas emissions is not complemented by climate adaptation measures. There are no studies
that addressthe whole TRBlevel. The framework for the CCadaptationintegrationin the Danube River
Basin Management Plans and Integrated Tisza River Basin Management Plans, are the EU WFD (and its
daughterdirectives) and the EU Floods Directive (2007/60/EC). However, other policies such as the Water
Scarcity and Droughts EU Policy and the EC’s White Paperon Adaptation are important building blocks for
adaptation. Ashort overview of the CCadaptation measures provided by the Tisza countriesis presented
below. The measures thatinclude strategies, action plansand otherrelevant issues are elaboratedin
Chapter 2 herein.

Romania
The strategies and action planinclude adaptation orientation and type of measures on watersectorat the
national, regional and local level, such as:
e Re-assessmentof waterresourcesforall river basins and sub-basins in the context of climate changes:
B Increasingthe multi-annual regulating capacity of the river basins;

B Limitation of the groundwaterusestowatersupplyforhouseholdsinthe zoneswhere the over-
exploitations of ground waters can lead to high drying up of the aquifers;
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B Increasingthe wateruse efficiencyin agricultureand implementation of technological measures
for crop adaptationto drought and waterscarcity;

B Optimizingthe land use management;

B Extendingthe national forests fund (including forest buffers) and afforestation of the ve rsants
against propagation of the floods;

B Reduction of the leakages inthe drinking water distribution network and in the sewage network
(from 50 % to 20 % in 2025) by developing and regionalizing the drinking water supply and
sewerage systems, rehabilitation and re-design of the water and waste-water infrastructures;

B Planningof the activities atlocal and regional level in orderto cope with the periods of heat
waves, etc.;

B Promotingtheintegratedinformational system on climate change adaptation;

B Developmentofthe specificresearches on climate change adaptation as atechnical support for
decision planning.

In the National Action Plan toimplement the National Strategy on Climate Change 2016-2020, the
prioritization of the adaptation and mitigation measuresincluded in the National Strategy of Climate Change
was done accordingto the analysis of the benefits, costs and associated risks. Thus, the priority mitigation
actionsfocus on planning and implementation of the measures to reduce greenhouse gases from the water
and wastewaters sectors and onincreasing the energetic efficiency of the systems. Also, the priority
adaptation actions are oriented towards the reduction of flood risk and water scarcity.

Slovakia
Adaptation plannedinthe field of water managementincludes the following:

B forfloods—measuresto: reduce runoff fromthe riverbasin, reduce the maximum flood
discharge, risk assessment;

B fordroughts—measures forreasonable use of waterresources;

B monitoring.

Hungary

contains, amongothers, the National Adaptation Strategy,
which aims to reduce risks related to climate change and climate security, to mitigate damages and to
present potentialawareness-raising activities concerning climate change preparation and adaptation.
Water-related action linesin the Strategy:

B Short-term: waterretention measures, actions resulted from the WFD, review of land use,
water-savingirrigation and water uses, reduction of flash flood risk, in-depth analyses of a
changing waterregime and hydrology, risk mapping of flooding, waste water management,
development of adaptation measures, indicator systems;

B Mid-term: waterretentionin water management, flood plain landscape management,
navigation under achanging climate, prediction of water demands, developing monitoring
systems, reaching good qualitative and quantitative status of waters;

B Long-term:fullintegration of the CC-adjusted water managementininternational cooperation
and foreign policy.

Serbia
Table

6.8 (Submitted onthe ICPDR Danubius, December2016) are based on vulnerability assessment. The
proposed measures are divided into the following four main categories:

[ —more specificgroups of adaptation measures that address water use measures
(e.g., application of best availabletechniquesinirrigation and cooperation with upstream
countries - bilateral commissions, ICPDR, etc., with respect to water quantity), water quality
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(e.g., bestavailabletechniques applied to diffuse sources of pollution that mainly originate from
the agriculture), protection against the adverse effects of water (e.g. the development of flood
protection plans forinternational rivers and large river basins —Danube, Tisza, etc.) and
multipurpose measures (e.g. an increase in water storage capacity);

Policy and legal framework (e.g., water management strategy, RBMPs, other planning
documents);

Monitoring and research (e.g., improving monitoring and other non-structural measures to
combat droughts, etc.); and

Capacity building and public awareness (e.g., improvement of coordination/harmonized
activities of institutions and organizations in charge at a local, regional and national level, etc.).

For all proposed adaptation measures, the classes are assigned in the following way:

No regrets—NR;
Low regrets—LR; and
Techno-economicanalyses required —TEAR.

In relation to the time required forimplementation. the measures are classified based on the following

criteria:

Short term-ST;

Medium term-MT;

Long term-LT; and
Continuous longterm —CLT.

4.3.4 Horizontal measures

The horizontal measuresrelevant tothe TRB are reported, based on the following categories:

International coordination: ICPDR -Egs, further engagement with bilateral commissions
addressing water managementinthe TiszaRiver Basin, etc.;

Incentives: Development of appropriate long-term compensation schemes forland ownersin
the eventthattheirlandis used forwider water management purposes, such as flood
protection, improving natural values, water retention;

Communication and consultation: To identify measures that integrate different objectives and
benefits,itis necessary thatthe relevant competent authorities work togetherfrom the early
stages of development onwards. Therefore, inter-ministerial (and/or inter-sectorial) committees
or work groups could be established that prepare decisions and coordinate implementation.
Any other

Table IV.4: TRB Drought and water scarcity measures implementation

UA RO SK HU RS

International coordination IG co IG IG IG

Incentives NS co NS PG, IG NS
Cco *
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Status of the measures estimated towards
the end of 2021

Title of a proposed measure

Communication and consultation PG co IG IG PG

4.3.4 Groundwater quantity measures

Available groundwater resources must not be exceeded by the long-term annual average rate of abstraction
to maintain good quantitative status according to the WFD Annex V (2). Furthermore, any damage to
groundwater-dependent terrestrial ecosystems must be prevented. According to the Water Framework
Directive (ANNEX VI, Part Aand Part B), the measuresto be included within the programmes of measures for
groundwater are basicmeasures (BM), supplementary measures (SM) and otherbasic measures (OBM).
Slow and insufficiently recharging deep aquifersin some parts of the Tisza River Basin, followed by several
decades of intensive publicwater supply, have resulted in over-abstraction. Sustainable solutions for future
watersuppliesinsuch casesinclude measures toinvestigate alternative water sources.

Table IV.5: TRB summary measures for groundwater quantity

Country 0BM BM+SM ‘ OBM+SM ‘ BM+OBM+SM ‘ No measures
TWWWWWWWWW 2017
Ukraine - - - - 9
Romania - - - - 11
Slovakia - - - - 7

Hungary 1 - 7 4 32

Serbia - 7 - - 7
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5. Tools for Stakeholder Engagement to Enhance River
Basin Management and Climate Change Adaptation

Danka Thalmeinerova, GWP CEE, Slovakia

5.1 Introduction

Clearsignals from the scientificcommunity show that river basin management planning will require adaptive
approachesto cope with climate change. Inthis process, stakeholders will be important actors. The notion of
“stakeholder” in general refers to affected and interested individuals, groups and organizations, both public
and private'’. Stakeholders can provide information on climate change impacts and adaptations; they can
also assessthe viability of the proposed adaptive measures.

Engagement (sometimes called “stakeholder participation”) means opening up official organizational
processestoinclude relevant and interested stakeholders to take part in decision-makingand problem

solving®®,

Most agree that stakeholderinvolvementin the planning processes is highly beneficial. What remains
unclearis how effectively the measures that needed to be adopted could be communicated and understood
by the stakeholders?®. The stakeholderinvolvementin waterresource planningis complexandincludes
diverse fields such as economics, agriculture, publichealth, pollution prevention, business and education.
Several scholars expressed adilemmathat forthe watersector, the issue of stakeholderinvolvementis
“eithera necessity for sustainable water management, oraluxury to be used to complement traditional
approaches”?,

The stakeholderinvolvementis not “just anotherstep”in the river basin management planning process. Itis
highly unlikelythat any plan can be implemented successfully if it does not meet publicacceptance and if it
isnot supported by key stakeholder groups.

This chapter deals with the description of the purpose and tools of stakeholders’ involvement. It responds to
the questions of why, how and when toinvolve the stakeholders.

5.2 Stakeholder involvement justification

Two basicEuropean Union directives set out the legal and policy framework for the information and
involvement of the stakeholders and the publicin the development of river basin plans: The Water
Framework Directive (WFD) (Directive 2000/60/EC) and the Floods Directive (Directive 2007/60/EC).

17 EC (2003): Common Implementation Strategy for the Water Framework Directive (2000/60/EC) Guidance Document
No 8

18 EC (2008): Water Note 12. A Common Task: Public Participation in River Basin ManagementPlanning

19 Kankaanpéas,S., Carter, T.R. and Liski, J. (2005). Stakeholder perceptions of climate change and the need to adapt.
FINADAPT Working Paper 14, Finnish Environment Institute Mimeographs 344, Helsinki, 36 pp.

20 Morrison, K. (2003):Stakeholder involvement in water management: necessity or luxury? Water Sci Technol.
2003;47(6):43-51.

Guidance Paper on Climate Change-Induced Water Quantity Issues 68



(@G ;))

interreg M

Danube Transnational Programme

Specifically, the Article 14 of the WFD determines that the EU Member States shall encourage active
involvement of all interested parties in the implementation of the Directive and development of river basin
management plans. The Floods Directive also usesthe terms “active involvement of all interested parties”
alongwith similarothertermsinthe WFD. In Article 9.3 the FD requires acoordination of the active
involvement process underthe Floods Directive, with active involvement of interested parties underthe
Article 14 of the WFD.

The Tisza River Basin countries are parties to various international agreements, such as the UNECE
Convention on Access to Information, PublicParticipation in Decision-Making and Access to Justice in
Environmental Matters (Aarhus Convention)??, the UNECE Convention on the Protection and Use of
Transboundary Watercourses and International Lakes (Helsinki Convention)?2. The Tisza River Basin countries
have also signed the Convention on Co-operation forthe Protection and Sustainable Use of the River Danube
(Danube River Protection Convention), which forms the overall legalinstrument for cooperation and
transboundary water managementinthe Danube River Basin.

International commitments were translated into the national legislations of all Tisza River Basin countries.
Eventhoughthe EU water-related legislation is legally binding for the EU Member States, the non-EU
countries sharingthe Tiszaand Danube River Basins (Ukraine and Serbia) agreed to make all efforts to
implement the EU WFD and the WU FD*.

The JOINTISZA project highlights the stakeholderinvolvement; the partners committed to “ensure better
embedding of flood risk management planning into the RBM planning process, and to encourage the
involvement of relevant sectors (such as flood risk management, water resource management, urban
hydrology management, drought management) and interested stakeholders”?*.

In the context of the Activity 6.5, the JOINTISZA project partners agreed to conduct activities that will
identify who, when and how toinvolve in the preparation of the updated International Tisza River Basin
ManagementPlan (ITRBM Plan). The Output 6.3 “PublicInvolvement and Participation Strategy” was
elaborated to guide the project partnerstothe following:

- toidentify key stakeholders using the Stakeholder Analysis methodology,
- tosetup the plan of participation processes, and
- toselecttools and techniques for the participation.

While there is some experience in stakeholder engagementinriverbasin planningin general (the start of
publicparticipationin the 15t cycle of the river basin planning according to the EU WFD was launchedin
2006), there are specificreasons to engage with stakeholders for “planning for adaptation”. Decision-making
ina changingclimate requires new areas of expertise and wider consultation than might typically be involved
intraditional “decision-making”. The reasons of carefully planning and conducting the stakeholder

21 The UNECE Convention on Access to Information, Public Participation in Decision-making and Access to Justicein
Environmental Matters (Aarhus Convention) adopted on 25 June 1998, entered into force on 30 October 2001.

22 The UNECE Convention on the Protection and Use of Transboundary Watercourses and International Lakes (Helsinki
Convention),adopted on 17 March 1992, entered into force on 6 October 1996.

23 |CPDR (2015). Danube River Basin District Management Plan—update 2015

24 Application Form JOINTISZA (DTP1-1-152-2.1) Interreg project
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engagementinclude both the cross-sectoral nature of climate change impacts and the uncertainty regarding
the level of climate change and climate variability. Climate change requires decision-making authorities,
societies and communities to change (adapt), sometimes quickly, with widening extremes of weather,
greatervariability in climate patterns and long-term changesinthe local setting.

There are several features of climate change that make it difficult for people to connect with orrespondto.
These features present substantial challenges that engagement processes will have to overcome, and
include the following?>:

B Climate changeisa “global” problem, with negativeimpacts that will occur many yearsin the
future, oftenin distantlocations ratherthanlocally (substantial scepticism);

B Lack of understanding of climate change projections;

B Adaptationtothe potential impacts of climate change requires astrongfocus on long-term,
“strategic” thinking, and many people, groups and businesses tend to use much shorter planning
horizons and more “tactical” responses;

B Stakeholders maynotfeel personally responsible for climate change and/orthey may expect
outside agencies and other stakeholders (typically other countries or the government) to take
responsibility forasolution.

A variety of benefits of engaging stakeholders is often atopicforboth academiaand projectleaders.
Facilitating clear communication and exchange of information, with all partiesinvolved, will bring a better
understanding of issues, potential solutions and alternative perspectives. By gaining betterinsightinto
potential outcomes, solutions to conflicts will improve the effectiveness of decision-making processes.

In general, itis anticipated that stakeholderinvolvement willincrease the quality of decisions and their
acceptance amongst stakeholders. The report on the Publiclnvolvement and Participation Strategy
(Outcome 6.3 of the JOINTISZA project) highlighted numerous benefits of stakeholderinvolvement as
indicatedin Table V.1.

Benefits for decision-makers Benefits for stakeholders and the public

- Improving credibility within the - Betterunderstanding of the decision-
community and gaining their support makers’ responsibilities and plans;
forthe decisions; - Opportunity toinformthe decision-

- Gainingnew (local) knowledge, makers on local conditions and issues of
obtaininginformation and data; concern;

- Better understanding of expectations; - Betterunderstandingand acceptance of

~ Improving decisions by perceiving a decisions when concerns of the public
broaderrange of perspectives and were considered;
opinions;

25 Gardner, J, Dowd, A-M., Mason, C. and Ashworth, P. (2009). A framework for stakeholder engagement on climate
adaptation. CSIRO Climate Adaptation Flagship Working paper No.3. http://www.csiro.au/resources/CAF -working-
papers.html
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- Betteroutcomes—plansandtheir - Improvementof local conditions by
implementation as the community implementing outcomes—plans which
contributed to identifying problems, considered local knowledge;
alternatives and solutions. - Gainingknowledgeand skills that may be

usedinsolving othercommunityissues.

Participation can lead to— but does not directly resultin —accountability. Participation canincrease
transparency and make clear to stakeholders the lines of decision-making, butonits ownit cannot
guarantee that officials hold themselves accountable to the decisions they make.

Thislist of benefits seems compelling; however, the use of engagementis by nomeans a norm indecision-
making processes. Particularly important are the facts that engagementrequires alot of time, resources
(both human and financial) and skills. It also means to give up a degree of control to people beyond the
instigating group ororganization, which can threaten the adoption of a preferred outcome.

Engagement processes are unlikely to be able to change pre-existing values or to generate social influence;
at a minimum, they may be able toincrease awareness of existing expectations of interested parties. Itis
importantto note thata fundamental precondition of all engagementis alevel of willingness to be involved
amongstthe stakeholders?®.

5.3 Specific issues for climate-related engagement in the Tisza River basin

The stakeholder involvement in the framework of the JOINTISZA project started from the beginning of the
projectin2017. The project partners organized the trainingand numerous follow-up national consultations to
assess the Joint program of measures (draft) with a specific consideration of climate change impacts.

The stakeholder involvement activities included

B 15 stakeholdergroup meetings;

B 11 individualinterviews with more than 400 stakeholders participatingin these events basin-
wide;

B Dissemination of materials and presentations about the relevant significant water management
issues of the Tisza Riverand the 1st ITRBM Plan;

B morethan 500 stakeholdersintwo countries (Hungary and Romania) were targeted with online
guestionnaires;

B morethan 200 active stakeholders expressed their willingness to contribute to further steps.

In general, four methods were used: group meetings for stakeholders, face -to-face meetings (interviews),
online questionnaires and mass emails.

26 Moser, S. C. 2007. More bad news: The risk of neglecting emotional responses to climate change information. (pp. 64-
80). In: Creating a Climate for Change: Communicating Climate Change and Facilitating Social Change. Eds. S.C. Moser
and L. Dilling, Cambridge: Cambridge University Press.
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Country SH method used

Hungary SH group meetings, face-to-face meetings, mass email
Romania Online questionnaire

Serbia SH group meeting, fa-to-face meetings, online questionnaire
Slovakia SH group meetings, online questionnaire

Ukraine SH group meetings, online questionnaire

Based upon a feedback from national consultations, the stakeholders have listed all significant water
managementissues (SWMI) as defined inthe 15t ITRBM Plan. In addition, afew new SWMlIs were identified.

The summary of priority issuestested in consultation processes for the developmentof the ITRBM Plan update

includes:

organicpollution,

nutrients,

hazardous substances, and
hydro-morphological alterations
guality of groundwater
guantity of groundwater

climate change impactsincluding floods, drought and water scarcity

Some otherissues included

plasticwaste

biodiversity and ecosystem protection

lakes management

need forbetter cooperation among different economicsectors at the national level

enhancement of aninternational cooperation among countries sharing the Tisza River Basin.

Stakeholders also identified the issues relevant to climate change impacts. Some of the issues overlap with
theissues definedinthe 15t ITRBM Plan (and in the draft of the updated ITRBMPIlan). The priorities taking into
account climate change adaptation include

flood management

watersupply and demand by each and every wateruser group (agriculture, industry,
households)

droughtand waterscarcity

water quality (both ground and surface water)

soil erosion/sedimentation

forest management favourable to water resources protection

biodiversity and ecosystem
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waterrelated energy generation
navigation

human health aspects

watertemperature.

Based upon the consultation conclusions, the stakeholders agreedthat river basin management planning itself
is an “adaptation” measure. In other words, adaptation measures are seldom undertaken in response to
climate change alone.

5.4 Groups of stakeholders

The first step in facilitating the stakeholderinvolvement processis to identifyall potential stakeholders. It does
not mean that all stakeholders are to be involved in everything all the time. Methods suggest identifying
primary and secondary stakeholders?’. Primary stakeholders are affected either positively or negatively by
the project/decision. Secondary stakeholders generallyinclude governmental, non-governmental and private
sectorinstitutions; however, this can vary depending on the subject matter being consulted. Itisimportant to
indicate which stakeholders will be beneficiaries and which willbe negatively affected. This helps gauge which
parties will support the project as advocates and which may impede the project, acting as opponents. A
typology of possible stakeholders according to the EU Common ImplementationStrategy®is shownin Table 3.

Stakeholders Examples

Professionals Public and private sector organizations, professional voluntary groups and
professional NGOs (social, economic and environmental). This also includes
statutory agencies, conservation groups, business, industry, insurance groups
and academia.

Authoritiesand Governmentdepartments, statutory agencies, municipalities, local authorities
elected people

Local Groups Non-professional-organized entities operating at a local level, usually breaking
down into the following:

- Communities centred on place — attachment centred on place, which
includes groups like residents’ associations and local councils.

- Communities centred on interest — e.g. farmers’ groups, fishermen,
birdwatchers.

Individuals Individual citizens, farmers and companies representing themselves. Key
individual landowners or local individual residents.

27 GWP (2015): IWRM ToolBox Teaching Manual
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5.5 Meaningful stakeholder engagement

When working with alarge group of stakeholders, itisimportant to facilitate strong communication channels
and appoint trustworthy moderators. Through these channels, moderators can encourage consensus building
in order to resolve a difference in opinions, and conflict management when appropriate in order to reach a
compromise between the stakeholders. One communication tool to avoid disputes overwaterresourcesisa
shared vision planning, which facilitates communication throughout a project or decision-making process.
Shared vision planning combines traditional water resource planning approaches with public participation and
collaborative computer modelling in order to identify problems, determine objectives and criteria for
evaluation, and analyse trade-offs between alternative options?2.

It should be noted that there is a difference between stakeholder participation and conflict management.
Participationis driven by articulation of interests and access, but this can increase as well asreduce the level
of conflict. Conflict management is driven by the aggregation of interests and refers to the suite of tools
available to deal with conflicts overinterests and values. Both concepts may, however, use similar techniques
at different times.

Meaningful stakeholder involvement is about clarifying the purpose of the involvement. The purpose of the
involvement willhelp to developaninvolvement strategy. The following table summarizes different purposes
and respective strategies of involving stakeholders.

Reason to involve Involvement strategy

Can a stakeholder contribute to decision — Involvementtoimprove the quality of plans and
making? projects

Is a stakeholder needed for implementation? Involvement toimprove implementation of plans

Can a stakeholder block decision — making or Involvement to prevent litigation and delays
implementation?

Is Involvement legally required? Involvement to meet legal requirements

The following table highlights steps in wise stakeholders’ engagement

Priorto engagement - Clarifying what is necessary to achieve from the engagement process.

- Ensure adequate and realistic funding (or co-funding) for engagement is
available

- Define the stakeholders

28 GWP (2017) Collaborative Modelling — engaging stakeholders in solving complex problems of water management
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- Stakeholders mapping and analysis
o assessment of interests

o assessment of influence and importance

Engagement process - Time consuming phase that requires adequate financial backup

- Essential role of ateam that is in charge to run a participation process

Follow upand - Asaminimum, all stakeholders should have an access to the final decisions
evaluation made

Whatever method of the stakeholder engagement is used (ranging from one-to-one consultation, newsletters,
open houses, seminars, training, study tours to interactive web portal) itisnecessary to ensure the following®®:

- Appropriateness of information provided; information must be applicable to the type of problem and
technical ability of the stakeholder. If capacity is lacking, special efforts will be needed to facilitate
information exchange

- Accessibility; building on the current capacity of stakeholders rather than requiring major upgrades in
individual and institutional or technical ability

- Equity: information exchange must respect cultural needs and should not discriminate specific
stakeholders

In addition, adaptation planning itself requires a capacity for strategic planning, which is not presentin all
groups. Groups with previous experience in strategic planning and those with a longer planning horizon are
more likely to be willing to apply this experience in adaptation planning. Where groups do not have such an
experience, part of the engagement process will require a development of this capacity.

The most important lessons learned during the national stakeholders involvement conducted under the
JOINTISZA project are as follows (Deliverable 6.5.2 report of the JOINTISZA project):

B Duringthe consultations it became clear, that the 1st ITRBMP is generally notknown by the
stakeholders. One reason forthatisa language barrier (the full versionis only availablein
English) and the other might be a relative novelty of the Plan (known only since 2010-2011)
compared to otherPlans and Directives;

B Somesectorswere contacted andinvolved, however, they have sent no significantcomments so
far: industry and chambersin Hungary, agriculture, aquaculture, industry in Slovakia, forestry in
Ukraine;

B ltiseasiertoreach governmental institutions then private ones; the water managementsector
dominates;

B Personal orsectoral connections are highly important: without theseitis difficult to effectively
reach some stakeholders;

B Some stakeholders are already overloaded with different consultations from different projects,
while others face this opportunity for the very first time (e.g. Ukraine);

B The ,quality” of the commentsis mixed, many of those focus onlocal issues orhave not
searched forexact connections with the existingITRBMP;

B Many stakeholders proposed to have more detailed or exact comments afterthey would receive
new drafts of the plan or its elements. Onthe other hand, it took time to make them understood

29 GWP (2006): Sharing knowledge for equitable, efficient and sustainable water res ources management; IWRM
ToolBox, Version 2
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that duringthe preparation phase, gatheringtheirinputsis useful and theirinputs will be
considered during the compilation of the 1st draft of the 2nd ITRMP

B Thereisa needtofocuson the stakeholders’role inthe implementation of the Planin the future
(,notonly blaming watersector or others”) —however, itis veryimportant to build partnerships.

5.6 Tools relevant to the Tisza River Basin planning

Stakeholder participation can employ a broad range of participatory tools at various stages of the decision-
making process. Each format is suited differently to disseminating information, gathering informati on and
making decisions. Additionally, many formats are appropriate only for a particular scale of participation.

Stakeholdersin a trans-boundary basin — the Tisza RiverBasin is the case, belongto different countries with
national legislations governing the water management. But these countries share aresource —and this sharing
can be expressed through similar activities (agriculture, fishing, tourism) or by the same sensitivity to risk and
phenomena (drought and water scarcity, floods, impacts of dams, pollution or invasive species). One of the
maindifficulties in relation to the scale of atrans-boundary basinis obtaining a true representativeness of the
stakeholders.

One solutionistoidentifyrepresentativesby theme (agriculture, fishery, drinking water supplyand sanitation,
environment, dams, etc.), while making sure that each countryis represented. The representatives’ legitimacy
should also be gained and accepted. Cultural aspects should not be overlooked in this kind of approach and
can provide enabling conditions for participation.

Another difficulty is the need to move up and down from the local level, through the national level to the
international basin level. The solutionis to establish acooperation mechanism —that exists at the ICPDR level
with the Tisza Group. In 2004, The Tisza Group has been established by the ICPDRand it is a good foundation
for strengthening coordination and information exchange related to international, regional and national
activities®°.

Tools to be applied for the RBMP in general (or forindividual projects) are summarized below.

Consultation
B Written consultation, people (representing organizations) are asked to commentin writing on
the proposed analysis or measures. The EUWFD directive requires such commenting process to
be employed at each stage of a planning cycle.
B Oral or active consultation, people are invited to meetings and workshops with designated
topicsand issuesto be presented and consulted. There are several obstaclesin this type of
consultation:

B Invited people are not prepared (ordo not have a mandate from the organization) to present
statements

B Consultationisdominated by afew loud speakers that might even notbe “primary”
stakeholders

B Purpose of the meeting/workshopis notwell defined - “how, who, when to solve the issue”;itis
rather a genericworkshop on “whatisthe problem”.

30 |CPDR (2004): Tisza Memorandum of Understanding; Strengthening the Tisza River Basin Cooperation
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Active consultation —workshops, seminars, meetings —are an excellent opportunity to bringtogether people
that “show interest” as they accepted aninvitation to attend. A facilitator of such consultationhas an excellent
opportunity to recognize supporters/opponents in the planning (or project) process. It also gives an
opportunity to define co-thinkers, co-knowers and co-operators.

Surveys and public opinion pools

These are relatively cheap tools of stakeholders’ involvement. When the questions are open (rather than
yes/no or multiple choice), the competent authority might receive responses that will illustrate local
knowledge not known to the authority. It also might encourage diverse perspectives.

Advisory Boards

Solutions are likely to be more sustainable and equitable throughthe input of awider range of knowledge and
perspectives. Designation of a pool of experts plays a role in advising the competent authorities. Advisory
Boards might be established to use knowledge and experience. The most common mistakes in establishing the
Boards are as follows:

B Board membersare asked to conduct tasks that should be done/known by the competent
authority

B Board membersdonotrepresentabroad spectrum of economicsectors (agriculture, industry,
energy) orgovernment/non-government/private sectors

B Board membersare formally designated by acompetent authority without clarifying theirroles.

An advisory body can advise in all stages of the policy making process and signalize issues to be put on the
agendaor fulfil acanalizing or sounding board function. However, the advisoryboard members should not be
used directly in the project implementation (if the advice generates such a project).

Expert groups

Mobilizing several experts and finding a date for the meeting can be difficult. Thus, thistool requires a good
preparation. Usually, the participating experts are asked to contribute to technical studies that serve for future
decisions. Astudy also takes time and resources (technical and financial) that need to be accounted for prior
to such an assignment.

Specific studies that require the input from experts include
B riskassessment(e.g.flood:to evaluate the levelof flood risk in each river basin district or unit of
managementand toselect those areas in which to undertake flood mapping and flood risk

management plans)

B vulnerability assessment (e.g. floods/drought: assessment of environmental vulnerability)

B economicassessments (e.g. assessingthe economicimpact of the proposed programmes of
measures aimed atimproving water status -i.e. who are the losers, who are the gainers).

B environmental assessments (e.g. the Strategic Environmental Assessment that concerns the
impacts of policies, plans and programmes and the Environmental Impact Assessment dealing
with the projectlevel anticipating the environmental effects of a projectintervention).

When expert groups are assigned a specific task (project), the competent authority might decide to make a
review of the study in thematic roundtables, expert meetings, written commenting — these all are a
combination of tools for stakeholders’ involvement.
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Interactive e-platforms

Computer infrastructure and people’s ability to use IT is growing fast and the e-platformsare not a limiting
factoranymore. E-platforms give the possibility to inform and provide data, knowledge resources, documents,
maps, photo galleriesand any otherinformation. Participation is made easier. The mostimportant principle is
to keep the e-platform “interactive” —to allow users have an access to it. It also means that the e-platform
must be maintained and kept up-to-date.

5.7 Shared Vision Planning methodology

Analytical models become to have an increasing role in the complex world of waterresources under climate
change. They support key decision-making for managing floodrisk, building dams, managing groundwater and
bringing together social, economic, and environmental issues. But models only provide us with one view of
the world. The Shared Vision Planning (SVP) is a tool that helpsinvolving stakeholdersin all phases of model
developmentand decision-making. SVP combines more traditional waterresource planningapproaches with
public participation and collaborative computer modelling. These jointly developed models are used for
identifying problems, determining objectives and criteria for evaluation as well as to analyse trade-offs and
alternative options.

By involving participants from the outset, they can develop a common understanding of the natural water
systemand gaininsightsinto howthe different parts of the system are interlinked. This way, SVP helpsto build
a common language of the waterresource issues among the parties. Stakeholders take partin developing the
toolsthat are laterused for evaluating the alternatives and generating alternatives themselves, which can be
tested by using the model. This ensures that the results from the models will be credible to all stakeholders
and decisions based on them will be accepted.

Shared Vision Planning follows seven steps, the first five of which can be repeated as more information
becomes available for evaluation3?.
1. Build ateam and identify stakeholders, decision makers, and experts;

Develop objectives and categories for evaluation;

Describe the status quo by using the collaboratively built model;
Jointly formulate alternatives;

Evaluate alternatives and develop recommendations using the model;

Synthesize results in a plan and implement it;

N o v s~ wN

Update the plan.

Shared Vision Planningis best suited for multi-stakeholder, multi-issue situations. As parties begin to confront
the need to plan for growing scarcity of water under competing demands, it is highly useful to bring sectors
together. Itisalso usefulwhere there is no common database and datasharingis difficultand withlittle shared
knowledge of the resources.

Shared Vision Planning (SVP) is a cooperative approach thatintegrates traditi onal planning principles, system
modelling and stakeholder collaborationinto a practical forum for developing water management solutions.

31 Full details including knowledge resources areaccessibleatthe US Army Corps of Engineers web site
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SVP builds an understanding of the system, confidence in the analysis and trust between the stakeholders.
The goal of the Shared Vision Planningis toimprove the economic, environmental and social outcomes of
water management decisions. Shared Vision Planning facilitates acommon understanding of a natural
resource system and provides a consensus-based forum for stakeholders to identify trade-offs and new

management options. Shared Vision Planning creates user-friendly and understandable computer models
that are relevant to stakeholderinterests and adaptable to changing conditions. 32

SVP differsfrom the traditional planning processesin that a great emphasisis placed ontechnical analysis.
SVP differsfrom the traditional technical analysis in that stakeholders are active participantsin developing
and validating the analysis. The SVP technical analysisisintegrated in thatit brings togetherall issues; itis
userfriendly and usable by non-technical parties; itis understandable and transparent with all assumptions,
input, relationships and output clearly stated; itisrelevantto the issuesimportant to stakeholders and
decision makers; and itisflexible in adapting to changing conditions or evolving processes.

Traditional
Planning

Collaboration

improved water resource
management decision process

The Shared Vision Planning approach employs a specific method for creating collaborative discussions and
computermodels. The first five steps are performed iteratively; thatis, the sequence of stepsis repeated as
more information becomes available for evaluation.

32 https://www.iwr.usace.army.mil/Missions/Collaboration-and-Conflict-Resolution/Shared-Vision-Planning/
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¢ Build a Team and Identify
Step 1 Problems with Stakeholders,
Decision-Makers and Experts.
¢ Develop Objectives and Metrics
Siigp 2 for Evaluation
¢ Describe the Status Quo Using a
Step 3 Collaboratively Built Model
Step 4 ¢ Collaboratively Formulate Alternatives Usingthe
Model.
* Collaboratively Evaluate Alternatives and
Step 5 Develop Team Recommendations Using the
Model
¢ Implement and
Step 6 Institutionalize the Plan.
e Exercise and Update
Siigp 7 the Plan

In Step 1 of the SVP, a teamis formed that comprises stakeholders that can affect or are affected by the
decision, decision makers who can make the decision and experts who caninform the decision. Itis
importantduringteam formation to develop agood understanding of the anticipated level of involvement
for eachteam member. Once formed, the team works togetherto develop problem or opportunity
statements. Ideally, these statements are broad enough toinclude all potential solutions, while also taking
currentand future conditionsinto consideration.

In Step 2 of the SVP, the planning objectives directly related to the problem or op portunity statements from
Step 1 are developed. The objectives specify the desired end result of the planning process and may differ
for each stakeholder group. Ateamthen develops performance indicators or metrics for each planning
object. Performance indicators allow planners to compare the current system performance with the
proposed system performance. Performance indicators measure the progress towards meeting the planning
objectives.

In Step 3 of the SVP, a model of the current systemis developed. The model is builtin collaboration with
stakeholdersandistied directly tothe planning objectives and performance indicators. The current system
model shows what the outcome without any change in managementoractivity in the system will be (status
guo). This model serves as the base case which the models of alternatives will be evaluated against.

In Step 4 of the SVP, the team brainstorms alternatives to the status quo. The alternatives putinto the model
and the results are evaluatedin Step 5. The formation and evaluation of alternativesis aniterative process
that oftenrequires anumber of iterations to meet the performance metrics. Once the team has alternatives
that meetthe established performance metrics, they find consensus on spe cificrecommendations for the
decision makers.

In Step 6, the decision makers’ decisions are implemented and the planisinstitutionalized. The SVP process
allows forthis step to occur more rapidly thatin a traditional planning process, because of the decision
makers’ and multiple stakeholders’ involvement throughout the process.

In Step 7 of the SVP, the models are updated based on the changes to the system and through the use of the
SVP process the planis updated to keep the system on track to meetthe established performance criteria.

Guidance Paper on Climate Change-Induced Water Quantity Issues 80



(G )

interreg M

Danube Transnational Programme

The legal framework for this was based on Article 14 of the EU Water Framework Directive.

The JOINTISZA project consulted stakeholders in the entire cycle of its activities. The public participation
consisted of two parts during the development of the Updated IntegratedTisza River Basin Management Plan.
The first part was to improve the knowledge about the stakeholderinvolvement and the role of this approach
during the preparation of the ITRBMP (train the planners’ seminar and one follow-up meeting in each Tisza

country.). The second part is represented by the concrete publicinvolvement actions (stakeholder and public
consultations).
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5.8 Stakeholder involvement example: The Krivaja River case study

The following case study provides short information on the identification of stakeholders with regard to the
water management issues of the Krivaja watershed in Serbia (Bajceti¢ R. et al, 2015; Srdjevic Z. et al, 2017).

The KrivajaRiveris a transboundary river between Serbiaand Hungary, with alength of 115.1 km (out of
124.38 km of total length) and with the river basin coverage area of 115.884 hectaresin Serbia. Around
40.000 peoplelive inthisagricultural area, with ausual farmsize of lessthan 10 hectares. There are 6
reservoirsinthe basin; the biggestone isZobnatica, mostly used forirrigation and outdoor activities. Most
important waterusesare irrigation, industry, fishing and outdoor activities (sport and recreation).

The KrivajaRiverbasinisselected as a case study because of its multifunctional and multipurpose system,
with complex decision-making process characterized by the conflicting interests of different parties:
government, local authorities in municipalities, responsible water management companies, ecologists, public
bodies, etc. The conflicts are presently sharpened because of the lack of funding, im properlegislation or the
absence of precise water policies, low efficiency in collecting water taxes, difficulties in motivating societal
delegatesto participate in management, lowwater quality, etc.

X aance & ,T 1
- N X RN

e

A decision-making framework was created to enable
(1) identification of stakeholders and importance of each stakeholder group (by stakeholders);
(2) ranking the uses of watersin watershed by stakeholders and reaching the group decision;
(3) performing spatial multi-criteria analysis of land suitability forirrigation (stakeholders/experts);
(4) simulating multi-year scenarios of waterallocation within the watershed based on the stakeholder
preferences.

Eight major stakeholders’ groups and theirsub-groups wereidentified for the Krivaja River basin (Bajcetic et
al. 2015):

1. users(irrigation, industry, fishing ponds, tourism),

2. government(ministries and provincial secretariats),

3. watersector(publicwater management company and regional water management companies),
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scientificcommunity (university and research institutes),
local authorities,

non-governmental organizations,

citizen’s associations, and

general public.

© N ook

Semi-structured and informal interviews, regular mail and e-mail were used to distribute questionnaires to
e 110 legal entities (20responses received)
¢ 30individuals (5responses)
e publicinstitutions: state institutions, ministries, provincial secretariats, | ocal governments, water
management companies, academicbodies, etc. (35 responses).

5.8 Conclusions

The methods and approaches are summarized inthe following principles:

B Ensure keystakeholders are represented in the basin management

B Distinguish between information, consultation, participation and empowerment
B Ensure administrative processes do notjeopardize real participation
[ |

Boost ownership of the basin action plans by establishingand maintaining community
participation

Ensure financing forinvolving stakeholdersis adequate

Ensure communication between those managinglocal action plans, heads of governmental
wateragencies and heads of basin organizations

B Developthe capacity of vulnerable groups so they can participate in planning and
implementation atappropriate levels

The recommendations include

Atthe Tisza RiverBasin, there are multiplelevels of stakeholders’ involvement: international, national and the
River Basin District. The key stakeholders for trans-boundary basin organizations are usually very different
from the key stakeholders in a national and basin authority. While competent authorities at basin level
normally interact with various groups, including water users, at the trans-boundary level there is almostnever
any directlink orinteraction with actual water users. At the Tisza River —the interaction willalmost alwaysbe
with the national water authorities of the riparian states.

1. The Tisza Group under the ICPDR is an appropriate platform to strengthen coordination and
information exchange. It should be fully supported by national authorities.

Stakeholders’ involvementis not just anotherstepinriver basin managementanditshouldbe anintegral part
(rather than appendix) of the full planning process. This is impossible without designation of a “stakeholder
involvement team”. In addition, involvement requires time, funds and full back-up by expert teams.
Organizational adjustments together with changing attitudes of authorities should go hand by hand with
valuing knowledge of others. This is especially relevant to “post-socialist” countries, where the involvement
of stakeholders was not practiced or was largely formal. It should also be notedthat water managers might
not have skills that are expected of a communication practitioner. Whatever communication technique and
toolisapplied, itshould be in hands of professionals and thusitis worth to hire such “communication person”
internally or request external expertise to support the stakeholder involvement process.
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2. Competent authorities are encouraged to understand involvement of stakeholders being a valuable
part of the planning process. Strong communication channels and trustworthy moderators should be
designated at all levels (international, sub-basin and local).

There are “traditional” tools (workshops, seminars and commenting processes) that work well. For the Tisza
River Basin—an innovativetool of the Shared Vision Planning was tested.
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6. SVP Application — Experience from Pilot Actions

David Béla Vizi, Middle Tisza District Water Directorate

6.1 Introduction

The pilotactions of the project within the WP6 Activity 6.4 focus on climate change-induced droughtand
flood relatedissues. The main goal of this pilot activity isto investigate the impacts of climate change-
induced drought and flood on a smallerregion within the TRB. The task is to test the Shared Vision Planning
(SVP) conceptinasmallerregion of the basin focusingonthe middle part of the TRB and to investigate the
drought periods and how to optimize the available water resources according to the ecological and irrigation

waterdemands. The overall processistested via the SVP methodology and as a tool viathe part of the
TIKEVIR System, which was built-up and operated by Hungary.

The Tisza RiverBasin (TRB) can be considered unique in several aspects amongthe river basins of Europe. In
certain hydro-meteorologicalsituations, the chance of extraordinary floods is high. This was especially true
at the beginning of the 2000s, when the flood waves set new record high waterlevels along the Hungarian
section of the Tisza River. Overthe last decades, drought has also brought more and more challenges tothe
experts of the local Water Directorates. The occasional extreme low water flow of the riverisaproblem
especiallyinthe flatareas of the Tisza River Basin. The climate change playsamajor role in the emergence of
these hydro-meteorological situations (Lehner et al, 2006). In the JOINTISZA project, apilotareawas
selected inthe Middle Tiszawhichis endangered by both extremesituations - floods as well as droughts.

Regarding a spatial and temporal distribution of droughtin Europe, the major European droughts also had
an impact on Hungary. Hungary has a high risk of developingadrought period, especially typical inthe Great
Hungarian Plain region (Tamds, 2016). The drought phenomenon can significantly increase because of the
man activity and ineffective water management. Itis expected that the extremelylong, dry weather
conditions willoccur more regularly for several years in Hungary (Szalai, 2009). The prevalence of droughts
has increased overthe past decades and especially the rolling drought phenomena have become critical
when consecutive years of drought multiply the adverse effects of the previous years (Pdlfai, 1992).
Accordingto the final report of the Danube River Basin Climate Adaptation Study from Mauseret al (2018),
the possibility of more intenseand more harmful droughts is expected in the Middle Tiszaregion.

Water demandisalso expected toincrease inthe Great Hungarian Plain, causing new challenges in water
management (Somlyddy, 2011). The local Water Directorate is responsible for providing adequate amount of
water to satisfy the water needs. Thisrequires river basin planningand proper water management.

We used the forecasts of climate models produced by the Joint Research Centre. The datasets they
generated —according to the predicted hydrological, meteorological, economicand social conditions —were
used inmodelling as a boundary condition (Bisselink et al. 2018). With the help of these time-series, we
aimed to explore possible medium and long-term conflict situations in waterresources and to make
recommendations for possible measures, thereby helping the water management planning of river basins
with similar problems.

The detailed description of the SVP applicationis described in the background document of the Deliverable
6.4.2 titled SVP Application —Experience from Pilot Actions. The background document presents the results
of the pilotaction, such as the application of the SVP method and the results of the hydrodynamic modelling.
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6.1.1 Pilot area

The selected pilotareais locatedin the flat region of the TRB in the middle of the Hungarian Great Plain
(Figure V1.1). The pilot area gets water from Lake Tisza, the waterintake of which is controlled by the local

Water Directorate. This pilotareais selected becauseonly a proper water management work could satisfy
the waterdemands.

E Legend
Canal

m— River
- Pilot area ’
[:] Tisza River Basin
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Figure VI.1: Location of the selected pilot area

The size of the pilotareais 2950.9 km?2. It is bordered by the Tisza River from the west, and by Lake Tisza
fromthe north. The eastern borderisthe Hortobagy-Berettyd River and the Tiszafliredi mainirrigation canal,
and the southern border of the area isthe Harmas-Koros River. The areais characterized by a very low
elevation (79-100 mBf).

Hungary's water network is basically determined by the fact thatthe countryislocatedinthe middle of the
Carpathian Basin. Inthe country, about three-quarters of the water resources are transported by the
Danube and the Drava Rivers, while almost only a quarter of the available water resources are transported
by the TiszaRiver.

The Tisza is the second most significantriverin Hungary. The Tisza’s full gradientin Hungary is 30 m (5
cm/km). The measured minimum flow at Kisk6re was at 56 m3/s and the maximum was at 2950 m3/s. The
average flow value in this Tiszariversection is 507 m3/s.

Table VI.1shows high flows (HQ) of different probabilities at the riversection nearKiskore:

Table VI.1: HQ values of the Tisza river at Kiskére
‘ HQ (p=0.001) | HQ (p=0.01) | HQ (p=0.03) HQ (p=0.1)

[m3/s] [m3/s] [m3/s] [m3/s]
3570 3012 2721 2363
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The pilotarea gets waterfrom Lake Tisza, which isthe largest artificial surface waterin Hungary. The lake
was artificially created when the Kiskdre Barrage was constructed. The lake is operated as areservoir, soit
has two different operating waterlevels forsummerand winterseasons. The summer waterlevel usually
lasts from the middle of March to the end of Octoberand it is at 88.57+0.05 m. The surface of Lake Tiszais
127 km?, with its volume being 253 million cubic meters; out of which more than 130 million m3can be
utilized. Lake Tisza can be considered as a multi-purpose water management reservoir. The main utilizations

are: recreation, watersupply, hydropower generation (at the Kiskére Barrage), fishing and nature
conservation.

The area has a dry continental climate and it has the driest climate in Hungary. The average annual
temperature is between 10-11°Cand the average monthly temperatureinJulyisaround 21°C. The mean
annual temperature fluctuationis between 23.0-24.5°C. The annual amount of sunshine hoursinthe
Hungarian Great Plainisover 2,000 hours.

Based on the measured data of the Middle Tisza District Water Directorate, the annual precipitation in this
areaisabout 520 mm, whichisthe lowest average annual precipitationinthe country. The territorial and
temporal distribution of the precipitationis also extreme. The annual rainfallalso varies within wide limits.
Some years (e.g. the year of 2010, when the annual precipitation was 820 mm) had a lot of precipitation,
causing floods andinland excess waters. In the last few decades it has become ratherusual thatan

extremely wet period was followed by an extremely dry and hot period with heavy drought in just within two
months.

The two mostserious droughtyears of the last decades were the years of 2003 and 2012. In 2003, the
average annual precipitation was 20 % below the long-term annual average overthe Middle Tisza. The whole
yearwas characterized by dry weather conditions. Inthe summer months, the spatial and temporal
distribution of precipitation was imbalanced. In addition to the low amount of precipitation, the severity of
the drought was furtherincreased by the fact that this summerwas one of the warmest of all time, which
also contributed to high evaporation. The average monthly temperature was above 23°Cin all three
summer months. From a hydro-meteorological point of view, the year 2012 was very similarto 2003.

In these years, the dry, warm weather caused hydrological and agricultural droughts. The flow of natural
watercourses has beenreduced. It was very important to store sufficient waterin Lake Tiszaand in the
irrigation systems of the areaand to distribute it as efficiently as possible. Shallow groundwater levels were
alsoverylowin these periods.

Climate change can play a majorrole inthe emergence of extreme conditions. Future predictions suggest
that even more extreme drought periods may also occur increasingly often (Mauser et al. 2018). Because of
these extreme situations, awell performed and appropriate water resource management planningand
regulations are important. The pilot study intended to contribute to abetter planning process that takesinto
account the climate change-induced impacts on surface water quantity.

The pilotarea has some particular characteristics that were taken into account whenitwas selected. The
amount of waterrequired by the stakeholders can be ensured only by a highly coordinated water
management schedule of the District Water Directorate. Water demands can be served by a dense canal
network supplied from the Tisza River. Eveninadry period, Lake Tisza as a reservoir can provide sufficient

waterfor the region and the waterdistributionin the pilotareais exclusively managed by the District Water
Directorate.

The above-described hydrological and management conditions determined the model type that could be of
the best assistance in analysing water quantity management situations.
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6.2 Application of the Shared Vision Planning methodology

The Shared Vision Planning methodologyhas been usedinthe pilotaction. The methodis presentedin

Chapter 2.6. Three Shared Vision Planning events were organized during the projecttoinvolve stakeholders
inthe planningand modelling process. The dates of the workshops were: 26-27 October 2017, 24 May 2018
and 28-29 November 2018.

The method and the pilotaction were presented duringthe first workshop. Stakeholders also had the
opportunity to comment and make suggestions according to the pilotaction modelling. At a later stage of
the event, the participants were divided into three groups with different topics: water supply, irrigation and
flood risk management. The group participants identified the problems, opportunities, aims and possible

performance indicators related to theirtopics in the pilotarea (Table VI.2).

Water supply Irrigation Flood risk management ‘
Problems, e Subsurfacewater close Uncertainty of the Significantfloods inthe
conflicts to the surfaceis climatechange impacts pastyears
vulnerable on water resources Cross-border watersheds
e \Wastewaters from Spatial and temporal Downstream countries are
settlements of less than heterogeneity of the vulnerable
2000 PE pollute the soil availableirrigation water Flood Protection System’s
and subsurfacewaters amount technical conditions
e Overuse of subsurface Hard to determine the Optimal form of the
waters irrigation demand protection
e Drinkingwater used for High salinity of purified Rivers changeina
irrigation sewage and used hydrological aspect
e Thermal water overuse thermal water Hydromorphological issues,
e Water effluents without Limited utilization of sedimentation
treatment alternative water Uncertainty of the climate
e No proper or missing resources change impacts on flood
water meters Saltcontent increasein events
o lllegal wells surfacewaters Capacities of the reservoirs
o \Water supp|y$y$tems Uninsulated channels Dense Vegetation inthe
are out of date Drinking water for floodplainarea
e Rainwater harvestingis irrigation purposesin Social conflicts in relations
not solved caseof gardens to the flood protection
e Reuse of waters for Underground water interventions
cleaningthefiltersis not resources canbe used Economic interestsin
solved for irrigation relation to the flood
Inappropriateland use protection interventions
Possibilities, o Well “Amnesty” till 2019 Optimization of water Flood Risk Management
aims e Measure the quantity for supply planning
proper water balance Optimization of drainage Harmonization of the FRMP
calculation rate atanational and basin wide
e Stop illegal waterintakes Cultivation of native level
e Policies/law varieties Increasing conveyance
Water restriction capacity of the
measures riverbed/floodplain
Increasing water Increasing capacity of the
retention (inchannels,in reservoirs
soil)
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Multipurposeuse of
water andland

Define available water
resources and to adapt
land use

Harmonization of the flood
protection conservation
reservoirs’ operation
system

To informthe downstream
countries about the
operation of the reservoirs
Improvingthe data
communication between
the concerned countries
Joint management of the
cross-border areas

Find win-win solutions
between the countries

Performance -
indicators

Irrigation water needs
for the catchment
Surface water resources
for irrigation
Groundwater resources
extracted forirrigation
Amount of the stored
water

Increasing water
retention

Quality of the irrigation
water

Application of a greening
program
Cultivatinglocal,
drought-tolerant
varieties

Local multipurpose
water andland use

HQio0

Designed Flood Level
Conveyance capacity of the
riverbed/floodplain
Storage capacity of the
reservoirs

The relevant factors that can be studied with aone-dimensional model were selected (Table VI.3). The
prioritization of the relevant problems, opportunities and goals provided the basis for defining modelling

scenarios.

Table VI.3: The selected relevant issues for the modelling scenarios

Relevant
problems

Low-water scenarios

(Scenario 1-4)

Uncertainty of the climate
change impacts on water
resources

Spatial and temporal
heterogeneity of the
amount of available
irrigation water

Hard to determine the
irrigation water demand

Flood scenarios
(Scenario 5-7)

Significantfloods in thepast
years

Rivers changeina
hydrologicalaspect
Hydromorphological issues,
sedimentation

Uncertainty of the climate
change impacts on flood
events

Capacities of the reservoirs
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e Dense vegetation inthe
floodplainarea

Relevantaims | e Optimization of water e Increasingconveyance
supply capacity of the
e \Water restriction measures riverbed/floodplain
e Increasing water retention e Increasingcapacity of the
(inchannels) reservoirs

The study of the Joint Research Centre has been used to take into account the impacts of climate change on
waterresources and flood events (Bisselink et al. 2018). Scenarios 1-4 examine the optimization of water
supply, water retention and the use of water restriction measures. Scenarios 5-7 analyse the flood-related
problems: changesin hydrological trends, sedimentation, capacities of the reservoirs, densevegetation in
the floodplain area. These scenarios alsoinclude the possibilities of increasing the conveyance capacity and
the capacity of the reservoirs. The defined scenarios were presented at the second stakeholderevent with
the first set of results. Stakeholders had the opportunity tocomment and make suggestions accordingto the
modelling scenarios. The final results of the pilot action were presented at the third SVP workshop.

6.3 Possible climate change impacts in the future

The Joint Research Centre (JRC) studied the effects of achanging climate, land use and water demand on
waterresourcesinthe Danube River Basin using a climate-induced runoff modelling technique (Bisselink et
al. 2018). The waterresource calculations were donewith the LISFLOOD 2.0 model, whichis a GIS-based
spatially-distributed hydrological rainfall-runoff-routing model (De Roo et al. 2000, Van der Knijff et al. 2010,
Burek et al. 2013). As a result of the runoff modelling, water flow datawere made available for our work for
therivers of the Tisza RiverBasin.

In the JRC analysis, 11 different European EURO-CORDEX climate scenarios have been used. The Coordinated
Downscaling Experiment over Europe (Jacob et al. 2014) is an international climate downscalinginitiative
that aimsto provide high-resolution climate projections for up to the year 2100 (Bisselink et al. 2018).

Flow time-series were made available for our work for every boundary condition calculated from the JRC
runoff model. Time-series were from 2011 to 2099 for each 11 climate projections. In addition to the
boundary conditions, discharge datawere also available fora specificriversection of the Tisza, providing the
inflow into Lake Tisza. From a water management point of view, discharges at this point have important
regulatory significance in the Middle Tisza. They are needed for the operation of the Kiskére Dam, for the
assessment of the amount waterthatcan be divertedintoand utilized in the majorirrigation systems of the
Middle Tisza Valley. Moreover, if the flow at this river section decreases below 105 m3/s, a water shortage
alert mightbeissued, and when discharge falls below 60 m3/s, restrictions on wateruses are needed.
Statistical analysis has been made forthe 11 flow time-series of this river section, which can be used for
guantification of future trends.

Based on the results of the statistical analysis, the months of September and October will have the highest
probability of discharges of less than 60 m3/s at the Tiszaflired gauge station. The return time for extreme
low-water periodsis 3-4years inall 11 climate projections. Based on the data released by the JRC, the
occurrence of increasingly long-lasting low-water periodsis also predicted forthe second half of the
century. For example, runoff data based on the "SMHI-RCA4_BC_ICHEC-EC-EARTH_rcp85" climate projection
have a 128-day period of discharges of less than 60 m3/s.
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In additionto the extreme low-flow conditions, some climate scenarios have also generated extraordinary
flood waves. In case of the two projections (CLMcom-CCLM4-8-17 BC_CNRM-CERFACS-CNRM-CM5_rcp85,
IPSL-INERIS-WRF331F_BC_rcp85), the maximum discharge was above 4000 m3/s, which would pose a serious
floodrisk forthe Middle Tisza, especially at the Kiskore barrage. This flow rate is higher than the actual 1000-
yearreturn period flood flow.

Itis based on the statistical analysis to define which climate scenario should be used as the boundary
condition of the hydrodynamicmodel. According to the analysis, the “SMHI-RCA4 BC_ICHEC-EC-
EARTH_rcp85” isselectedtostudy low-water periods and the "IPSL-INERIS-WRF331F_BC_rcp85" climate
projection to study majorflood events.

The detailed description of the statistical processing can be found inthe background Deliverable 6.4.2
document.

6.4 1D hydraulic modelling of the pilot area’s water system

In its current structure, the database of the model includes the 600 km long river section of the Tisza
between Tiszabecs and Szeged and the channel system of the pilot area. The total length of watercourses
involvedin the calculations exceeds 2000 km. There are 102 bridgesand 19 inline structures installed into
the model. The model includes the Nagykunsagi irrigation canal, whichisthe mostimportantirrigation
facility of the pilotarea. The river network system covered by the hydrodynamic modelis denoted by blue
linesin Figure VI.2.
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We have advanced the stream system of the model by more than 2 000 cross sections. The cross sections are
the basis of one-dimensional models. The calibration and the roughness coefficient only partly compensate
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for the possible inaccuracies of the cross-sections. The model’s stability greatly improves if the cross sections
are as dense as possible. Based on the previous modelling experience, the optimal distance between cross

sections-froma model point of view -is 400 - 800 m for the Tisza and 200 - 400 m forthe tributaries of the
Tisza. For the irrigation canals, the optimal distance is 200 - 400 m.

The hydrodynamic model has 14 upstream and 1 downstream boundary conditions. The boundary
conditions of the rivers are located on the Hungarian border sections. We have chosen these pointsto

minimize the impact of the boundary conditions on modelling resultsin the pilot area. At each pointthere
are flow dataavailable forinput data.

The water usage has been quantified in the model based on the water needs shownin Figure VI.3. These
values are based on the nationwide survey of the Hungarian Chamber of Agriculture (HCA). The model
includes atotal of44 million m3 annual water demand of the Nagykunsagi irrigation system (HCA, 2018).

Water consumptions of the irrigation sections in the Nagykunsagi irrigation system appearas point-like
extractionsinthe model.
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=
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million m3

The applied HEC-RAS model gives a detailed description of the entire river system and provides an
opportunity to take into consideration the hydraulicengineering structures, as well as bridges, barrages,
culverts, overflow weirs, floodgates, bottom stages, bottomsills, side overflows and gates, staticreservoirs,
pump head stations and water intakes (US Army Corps of Engineers, 2016). The model includes 102 bridges
and 16 inland structures and it also contains a number of waterintakes. We tookinto the model every
irrigation section of the Nagykunsagi irrigation system as a point-like waterintake. The model also contains
everydirect wateruse alongthe Nagykunsagi mainirrigation canal, so water consumption can be tested as a
simple drainage. We used the possible water demand values forinput data that are based on the survey of
the Hungarian Chamber of Agriculture.

For the calculation of the water discharge capacity of the Tisza main riverbed, as well asfor taking the flood
plainvegetationinto consideration, we used the roughness (smoothness) factors givenin Table 1in the
course of calibration of the model. We determined the vegetation in the flood plain by aerial photographs,
i.e. by ortho-photographs, as well as by the results of on-site inspections. The roughness factor was changed
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crosswise accordingto the flood plain vegetation. The roughness (smoothness) factorassigned was

determined onthe basis of the Hungarian standard prescriptions, as well as on the basis of the values
applied also by the HEC-RAS and proposed by Chow (1959).

The calibration of the model was accomplished gradually, starting with the shorter sections. We assembled
togetherthe individual section and then performed the riversections.

The calibration of the Tisza and its tributaries was made for the low-water period of the year2012. For the
riversection between Tiszabecs and Szeged, the difference between the calculated water leveland the
observed one was between 0and 10 cm in absolute values, which can be considered avery good result. The
pilotarea’s canal network was calibrated separately. We used datafrom the year of 2013 to calibrate the
irrigation canals. The difference between the calculated waterlevel and the observed one was between 0
and 10 cm, justlike the river network. Afterthe calibration was made, separate water streams were
connected.

6.5 Results of the hydraulic modelling

The Scenarios1- 4 (see Table VI.3) are long-lasting low-water periods, whereby the water flow to the areais

lowerthan the sum of waterflowingto the tail-water at the Kiskére Barrage and into the irrigation canals
from Lake Tisza.

The boundary conditions are selected based on the statistical analysis of the water flow datasets produced
by the JRC. As describedin Chapter6.3, the “SMHI-RCA4 BC_ICHEC-EC-EARTH_rcp85” climate scenariois
selected to study low-water periods. In this climate scenario, there are several periods with water scarcity.
The time series of the year of 2085 includes an extremely low-water period and the data sets of the year
have been used asthe boundary conditions of the model. Atthe riversection of the Tisza near Tiszafiired,
the flow of the river has been below 105 m3/s for more than 3 months, whichis a period of waterscarcity.

In Scenario 1- whenthe river's flow falls below 100 m3/s - the waterlevel of Lake Tisza gradually begins to
decrease. The trend continues fortwo months when the discharge at the uppersection of the riverincreases
to above 100 m3/s. Duringthe critical period, the amount of water drained from Lake Tiszato the
Nagykunsagi mainirrigation canal is continuously ensured and corresponds to the water demands. We
studied how quickly the stored water of Lake Tisza would be consumed.

Duringthe critical period, the amount of water drained from Lake Tisza to the Nagykunsagi mainirrigation
canal islimited corresponding to the water restraint plan (KOTIVIZIG, 2018). The amount of water flowing
intoand out of the Nagykunsagi mainirrigation canal is controlled. Water demandsin Scenarios 2and 3 are
still satisfied. We studied the impact of the I. and Il. level waterrestraintin Scenarios 2and 3. The lll. level of
waterrestraintistakeninto effectin Scenario 4, when the transferred amount of waterfrom Lake Tiszato
the Nagykunsagi mainirrigation canal isreduced to 0 m3/s.

Figure VI.4shows the discharge time series atthe influence section of the Nagykunsagi mainirrigation canal.
Water discharge values show that the transferred amount of water duringthe critical period is limited.
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Figure VI.4: Discharge at the inlet point of the Nagykunsdgi main irrigation canal

Figure VI.5shows the development of waterlevel at the Kiskore barrage inthe modelled year. Inthe first
half of the yearthere isenough water flow to the river to maintain the operating water level (88.67 £ 0.05
m) of the reservoir. Theninthe summer months, the river flow gradually decreases untilitreaches the
critical 60 m3/svalue at the riversection nearTiszaflired. Water restrictions come into effect during this time
inScenarios 2, 3 and 4. Thislow-water condition lasts forone and a half months. Once the river's flow
increases again to above 60 m3 at the inflow section of Lake Tisza, the waterrestrictions are ended.
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Figure VI.5: Water level at headwater of the Kiskére barrage
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The minimum water levels at Lake Tiszain the different scenarios are as follows:

M Scenariol:85.76 m,
B Scenario2:87.15 m,
M Scenario3:87.40 m,
B Scenario4: 88.29 m.

Accordingto the regulations, aspecificflowrate must be secured from the eastern branch of the
Nagykunsagi mainirrigation canal to the Hortobagy-Berettyd, as well as from the western branch of the
Nagykunsagi mainirrigation channel to the Harmas-Kérés (KOTIVIZIG, 2018) in each scenario. Inthe model
scenarios, the minimum flowrate was guaranteed at the outflow sections of the Nagykunsagi mainirrigation
canal.

Figure VI.6and V1.7 show the development of water flow at the outflow section of the western and eastern
branches of the Nagykunsdagi mainirrigation canal inthe modelled year. The time series shows that water
discharge correspondsto the waterrestraint measures.
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Figure VI.8shows the importance of the water drained from the Nagykunsagi mainirrigation canal to the
Harmas-Koros in different modelling scenarios. In the summerseason, only 5.9m3/s of water comes from
the uppersection of the river. Due to waterrestraints, asmuch as 19.9 m3/s of wateris transferred from the
Hortobagy-Berettyd to Kérds at Mez6tar in Scenario 1, 14,6 m3/sin Scenario 2, 11,6 m3/sin Scenario 3 and
0.4 m3/sinScenario 4. A large part of thisamount of watercomesindirectly fromthe eastern branch of the
Nagykunsagi mainirrigation canal. The next point of influence is located at Ocséd, where 1.62 m3/s of water
istransferred from the western branch of the Nagykunsag mainirrigation canalin Scenarios 1,2 and 3 and 0
m3/sin Scenario 4. This longitudinal profile shows the conditions as of August 11, 2085.
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The results of Scenarios 1-4 show what happensto the waterresources of Lake Tiszain an extreme low-
watersituation with adifferentlevel of waterrestrictions. The model runs also show that Lake Tiszais able
to supplythe areawith waterfor alongtime, butin extreme casesthe waterlevel may become critically
low. The outputs show that the minimum waterlevel at Kiskore is higher with the waterrestrictions. Inturn,
the water supply to the Harmas-Koros decreases (Table VI.4).

Difference in Difference in
) Water )
Scenario . . min. water water supply
restriction
levels [m] [%]
Scenariol - 0 0
Scenario 2 I. level +1.39 32.5
Scenario3 Il. level +1.64 51.0
Scenario 4 I11. level +2.53 100.0

Scenarios 5 - 8 (see Table VI.3) are long-lasting flooded periods, where the water flow approaches the HQ
value with a 1000-year return period. In these model versions, we have implemented measurements
increasing the conveyance capacity and showingthe importance of the reservoirs in the Middle Tisza.

Scenario 5 does not contain any measurementand the reservoirs are not used. Scenario 6 shows the effects
of the three flood reservoirs along the Tisza River. The roughness coefficient (n) isreducedin Scenario 7 by
20 % from Tiszafilred to Szolnok on both overbanks. In Scenario 8, the roughness coefficient (n) is reduced by
50 %, which means that maximum forests without undergrowth are allowed on the floodplain.

The boundary conditions selections are also based on the statistical analysis of the water flow datasets
produced by the JRC. Asdescribedin ChapterVI.4, the “IPSL-INERIS-WRF331F_BC_rcp85” climate scenariois
selected to study floods. In this climate scenario, there are several periods with remarkable floods. The time
series of the yearof 2091 includes an extremelyflooded period, and the datasets of the yearhave been

used as the boundary conditions of the model. Atthe riversection of the Tisza near Tiszaflired the flow of
the riverexceeds 2800 m3/s formore than 3 months.

Figure VI.9shows the development of waterlevel at the Kiskore barrage inthe modelled year. From August
to Septemberthereisaremarkable period with several flood waves. With the help of the reservoirs and the

increased conveyance capacity, the maximum waterlevelvalues can be reduced. The highest waterlevel at
Kiskére was 91.62 m in 2000 and the Design Flood Level (DFL) is 92.00 m.
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Figure VI.9: Water level at the Kiskére barrage
The maximum waterlevels at Kiskore in the different scenarios are as follows:

B Scenario5:92.02 m,
M Scenario6:91.91 m,
M Scenario7:91.71 m,
M Scenario8:91.52 m.

Figure VI.10shows the development of discharge at the Kiskdre barrage. The discharge was between 3300
and 3500 m3/sineach scenario, which is close to the HQ value with a 1000-year return period.
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The maximum discharge values at Csongrad in the different scenarios are as follows:

B Scenario5: 3342 m3/s,
B Scenario6: 3296 m3/s,
B Scenario7: 3316 m3/s,
B Scenario8: 3353 m3/s.

The difference between the maximum values of Scenarios 5and 6 shows positive effects of the reservoirs. In
contrast, increasing the conveyance capacity may have a negative effect at the downstream of theriver,
which can be seen from the maximum discharge values of Scenarios 7and 8. Figure VI1.11 shows the
discharge values ata lowersection of the Tiszanear Csongrad between August and November.
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This extreme flood begins during the irrigation period. Regardless of this, adequate watershould be
provided fordifferent purposesinthe pilotareaunderthe flood event. A special measure has been
implementedinthe model. When an extraordinary flood goes down the Koros, the barrage at the outflow
section of the Hortobagy-Berettyd at Mez&tur has to be closed. Insuch cases, wateris transferred from the
Hortobagy-Berettyd to the Korés with pumps. If the capacity of the pumpsis notenoughto drain the water
at Mez6tur, the water can be passed to the Koros through the Nagykunsagi main irrigation canal (Figure

VI.12).
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Figure VI1.12: Alternative flow direction when the Mez6tur barrage is closed

Figure VI.13shows the water level and discharge during this period. In the critical period, up to 40-60 m3/s of
watercan be transferred from Hortobagy-Berettyd to the Nagykunsagimain irrigation canal.
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Figure VI.13: Water level and discharge at the outflow section of the eastern branch of the Nagykunsdgi main
irrigation canal

Figure VI.14shows the water level and discharge at the outflow section of the western branch of the
Nagykunsagi mainirrigation canal. The water flow is lower at this canal section, due to the water uses of the
pilotarea.
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Figure VI.14: Water level and discharge at the outflow section of the western branch of the Nagykunsdgi
main irrigation canal

We studied the impacts of the reservoirs and the increased conveyance capacity with Scenarios 5-8. The
water flow approachesthe HQ value with a 1000-year return period. Table VI.5shows the differences
between the flood scenario results. The water level-reducing effect of the three reservoirsis 11 cm at
Kiskore with this extraordinary flood. A further 32 and 28 cm waterlevel reduction could be achieved by
reducingthe roughness of the floodplain. Waterlevel could be reduced to the DFLin Scenario 8. At the same

time, the discharge isincreased because of the increased conveyance capacity. There was no significant
difference at Csongrad at this high-waterlevel.

Table VI.5: Differences between results of Scenarios 5to 8
Difference in

Difference in Difference in Difference in

Scenario Applied measurement flood peak at flood peak at flood peak at flood peak at
Kiskore [cm] Kiskére [m3/s]  Csongrad [cm] | Csongrad [m3/s]

Scenario 5 - - - - -

Scenario 6 Reservoirs -11 +81 -1 -46

Scenario 7 Reservoirs +reduced -32 +95 -2 -26
roughness by 20 %

Scenario 8 Reservoirs + reduced -60 +116 -4 +11
roughness by 50 %

The backwater effect of the Kiskore barrage was also studied. The difference between the headwaterand
downstream waterlevel of the barrage is 24 cm, whichis acceptable forsuch a high-waterlevel.

An alternate flow direction has also been applied to the model. During an extraordinary flood on the
Harmas-Koros, water could be drained from the Hortobdagy-Berettyd to the Harmas-Koros through the

Nagykunsag mainirrigation canal. A 40-60 m3/s discharge could be transferred to the canal to help manage
the flood.
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6.6 International aspects of the pilot area study

The main aim of this pilot activity istoinvestigatethe impacts of climate change-induced drought and flood
relatedissuesonasmallerregion. The Middle Tisza pilot areawas selected because of the special
hydrological characteristics. The natural runoff of the areais not too relevant and the waterneeds are
satisfied with the help of artificial irrigation systems. Floods, inland excess waters and droughts also occur
ofteninthe pilotarea. The JRC studies stated that these extreme hydro-meteorological events can happen
even more frequentlyin the future. The implementation of water management planning atthe TRB level has
avery high priority to reduce the damage caused by these events.

In orderto make the planning process more effective, the Shared Vision Planning methodology was used.
The main goal with the SVP methodisto give the stakeholders the opportunity to share their opinions and
suggestions duringthe pilotaction work. As a result, the modelling has studied issues, which are relevant to
the local stakeholders. This method also provides an opportunity to bring local stakeholders closerto the
planningandimplementing organizations.

The low-water modelling scenarios investigated the effects of the water restriction measures. These
scenarios have shown that Lake Tisza has been able to supply the area with enough water fora longtime.
However, alarge decrease inthe waterlevel of Lake Tisza can cause major ecological, economicand social
problems alongthe reservoir. The low-water scenarios have also highlighted a previously known problem of
how lowland areas are vulnerable to extreme hydro-meteorological events. Forthis reason, water
management of the countries with this characteristic (e .g. Hungary, Serbia) is highly dependent on the
comingdischargesfromthe neighbouring countries.

SVP events have also shown thatitis difficult to determinethe optimal water restriction process. The water
limitation procedure set outinthe Water Management Act can also cause conflicts between water users.

The flood event scenarios have given an opportunity to study the importance of the flood reservoirs and the
increased conveyance capacity inthe Middle Tisza. The stakeholders have identified dense vegetation on the
floodplain and decreasing conveyance capacity as serious problems. Many flood protection measures (e.g.
VTT, NMT) in Hungary try to moderate the risk of these problems. Using the flood reservoirs can also help
reduce these negativeimpacts. However, itisimportant that these measures can be accepted at the
international level.
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Abbreviations

AHTG

AR

CA
cc
cc

SO

RPATCLIM

v

CEE

CH

CLC
CcCoMm
COMARO-D project

cop

DanubeSediment project

CORDEX
CORINE

DF

L

DMCSEE
DQ

Dri
DT

Danube project
P

DVS

EC

EEA

EO

DC

ERDF

EU
EU
EU

CCAS
CIS

EUSDR
FRD

GIS

GWP CEE
HCA

ad hoc task group

AgencijaRepublike Slovenije za okolje - Slovenian Environment
Agency

A projectforthe Climate of the Carpathian Region
climate change

climate change impacts, vulnerability and/or risk

Central and Eastern Europe

Chapter

CORINE Land Cover— Copernicus Land Monitoring Service
commission

Cooperating towards Advanced MAnagement ROutines forland use
impacts on the waterregime inthe Danube riverbasin

Conference of the Parties

Danube Sediment Management - Restoration of the Sediment
Balance inthe Danube River

Coordinated Regional Downscaling Experiment
Coordination of Information on the Environment (EU data base)
design flood level

Drought Management Centre for Southeastern Europe
Design Qualification

DroughtRisk inthe Danube region

Danube Transnational Programme

Drought User Service

European Commission

European Environment Agency

Earth Observation Data Service

European Regional and Development Fund

European Union

European Union— Communal Centre ForSocial Action
European Union— Commonwealth of Independent States
European Union — Strategy forthe Danube Region

Flood Risk Directive

geographicinformation system

Global Water Partnership, Centraland Eastern Europe

Hungarian Chamber of Agriculture
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HQ high flow

HEC-RAS HEC-RASis a computer program that models the hydraulics of water
flow through natural rivers and other channels.

ICPDR International Commission forthe Protection of the Danube

IPA Instrument for Pre-Accession Assistance

IPCC Intergovernmental Panel on Climate Change

ITRBM Integrated Tisza River Basin Management Plan

JCI Jaroslav CerniInstitute

JOINTISZA project

JRC

LIFE Programme

Strengthening Cooperation between River Basin Management
Planning and Flood Risk Prevention to Enhance the Status of Waters
of the Tisza River Basin

Joint Research Centre

The LIFE programme isthe EU’s fundinginstrument forthe
environmentand climate action

MTDWD Middle Tisza District Water Directorate

NAP National Adaptation Programme

NAS National Adaptation Strategies

ORIENTGATE A structured network forintegration of climate knowledgeinto
policy and territorial planning

OVF Orszagos Vizligyi FGigazgatdsag, General Directorate of Water
Management, Hungary

PA priority area

PAI Palfai Drought Index

PoMs programme of measures

RBM river basin management

RBMP River Basin ManagementPlan

RCP Representative Concentration Pathways

SCI site of community importance

SEECOF South-East European Climate Outlook Forum

SPA special protection area

SRES Special Reporton Emission Scenarios

SVP Shared Vision Planning

SW surface water

SWD staff working documents

SWMI Significant Water ManagementIssues

TIKEVIR Tisza-Koros volgyi Egylittmikodé Vizgazdalkodasi Rendszer - Tisza-
Koros Valley Collaborative Water Management System

TKVWMS Tisza-Koros Valley Water Management System

TRB TiszaRiverBasin

UNECE United Nations Economic Commission for Europe
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WEFD Water Framework Directive

WMO World Meteorological Organization
WP work package

WS&D waterscarcity and drought
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List of Terms

“Adaptive capacity (or adaptability)”: The ability of a natural or human system to adjustto climate
change (including climate variability and extremes) to moderate potential damages, to take
advantage of opportunities or to cope with the consequences. (ESPON Climate, 2011)

“Climate change impacts”: Consequences of climate change on natural and human systems.
(consequences of climate changes - field of impacts - according to the degree and nature of
exposure and sensitivity)

“Climate-proof”: Activities to increase the resistance and resilience of the policies, plans and
programs that will be directly orindirectly affected by the climate change impacts, acknowledging
the new conditions where the baseline isinherently unstable and changing and including cl imate
protection aims (UNECE 2009).

“Exposure”:The nature and degree to which asystemis exposed to significant climaticvariations.

“Low-regret options”: Adaptation measures where the associated costs are relatively low and
where the benefits, although mainly met under a projected future climate change, may be
relatively large (UNECE 2009).

“No-regret options”: Cost-effective adaptation measures that are worthwhile (i.e. they bring net
socio-economic benefits) regardless of the extent of future climate change; they include measures
that are justified (cost-effective) underthe current climate conditions (including those addressing
its variability and extremes) and are also consistent with addressing the risks associated with the
projected climate changes (UNECE 2009).

“Sensitivity”: The (nature and) degree to which a system could be affected, either adversely or
beneficially, by a climate-related stimuli. The effect may be direct or indirect.

“Vulnerability”: The degree to which a system is susceptible to, or unable to cope with, adverse
effects of climate change, including climate variability and extremes. Vulnerability is a function of
the character, magnitude and rate of climate variation which asystem is exposed to, its sensitivity
and adaptive capacity.

“Win-win options”: Cost-effective adaptation measures that minimize climate risks or exploit
potential opportunities but also have other social, environmental or economic benefits; win-win
options are often associated with those measures or activities that address climate impacts but
which also contribute to climate change mitigation or meet other social and environmental
objectives (UNECE 2009).
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Table 1: TRB Mean Annual discharges (m?3/s)

Streda nad Tiszabecs
Bodrogom

1986 33.0 | 190 117.47 100.493 203 468 768
1987 30.0 | 156 97.09 87.447 168 376 584
1988 39.7 | 193 128.78 111.266 193 491 732
1989 37.3 | 202 120.66 121.509 203 517 732
1990 23.2 | 144 82.84 79.116 139 336 465
1991 21.8 | 138 89.47 76.423 145 368 572
1992 32.8 | 206 96.73 103.756 181 424 690
1993 25.4 | 180 114.03 82.440 183 364 537
1994 33.4 | 194 105.06 96.801 176 461 662
1995 42.6 | 284 155.02 112.799 263 557 800
1996 26.8 | 155 121.89 82.140 158 450 770
1997 30.4 | 193 155.49 96.122 191 517 884
1998 65.3 | 329 197.61 155.622 298 808 1130
1999 46.0 | 241 162.95 135.499 255 704 1170
2000 41.7 | 196 143.85 136.784 187 563 929
2001 43.8 | 246 141.80 124.865 263 649 949
2002 36.4 | 216 131.59 96.637 237 517 777
2003 23.4 | 118 79.39 71.128 127 348 575
2004 36.7 | 208 132.30 121.142 219 511 866
2005 39.1 | 183 166.39 140.189 182 615 1100
2006 38.4 | 231 191.47 135.089 232 739 1230
2007 31.4 | 220 138.53 101.852 215 491 752
2008 36.6 | 248 140.35 116.417 258 542 827
2009 32.3 | 164 111.48 100.830 172 428 646
2010 60.9 | 262 212.89 204.159 272 950 1430
2011 27.3 | 142 94.42 90.151 142 455 732
2012 22.7 | 136 67.30 78.132 135 296 442
2013 324 | 172 104.39 113.024 176 513 736
2014 18.4 | 108 69.96 68.249 112 298 496
2015 16.9 | 139 91.09 63.122 141 315 530
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JOINTISZA

Table 2: TRB Minimum Annualdischarges (m?3/s)

| ro |
Chop | Vilok “ Streda nad Szolnok
Bodrogom
1986 3.92 |36.2 | 170 15.020 30 61.4 164
1987 490 |379 | 190 18.480 43 75.8 130
1988 545 | 32.2 | 170 30.680 30 105.0 183
1989 7.04 |582 |210 34.270 41 110.0 253
1990 523 | 324 |96 33.280 33 75.7 95.0
1991 5.15 | 40.3 | 200 31.890 43 122.0 237
1992 3.16 |31.6 | 180 28.040 27 59.5 132
1993 549 |56.8 | 190 30.130 53.2 89.0 90.0
1994 5.31 | 32.5 | 168 27.480 10.1 69.6 90.0
1995 6.24 | 35.0 | 180 31.790 42.3 113.0 251
1996 7.70 | 423 | 210 32.640 50 115.0 188
1997 856 |74.2 | 170 37.860 81.9 161.0 306
1998 11.8 | 62.3 | 80 44.630 77.8 226.0 360
1999 7.98 | 60.0 | 200 31.500 60.4 145.0 326
2000 6.50 | 26.3 | 180 31.280 26.7 94.7 242
2001 7.90 |69.2 | 110 39.720 41.8 198.0 272
2002 496 |44.8 | 100 26.030 44.5 105.0 220
2003 3.78 | 22.2 | 140 21.770 22.3 66.2 128
2004 7.00 |40.5 | 130 34.585 41.3 101.0 213
2005 5.67 | 42.8 | 185 38.795 44 163.0 373
2006 6.22 | 40.2 | 200 30.031 47.3 148.0 312
2007 3.72 | 46.5 | 193 26.234 44 79.7 193
2008 7.58 | 48.0 | 208 32.049 44 151.0 265
2009 5.48 | 29.0 | 197 22.859 31.6 67.5 180
2010 10.4 | 75.0 | 385 45.070 81 308.0 541
2011 4.14 | 25.0 | 248 21.688 29.4 81.9 151
2012 440 | 26.0 | 233 20.453 22.3 72.9 120
2013 3.85 | 33.5 | 263 21.969 33.3 64.9 135
2014 570 | 42.7 | 196 28.392 45.7 94.7 222
2015 296 |23.4 | 340 13.331 27.5 63.7 137
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