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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
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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, biomonitor