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Introduction 

 

Water management in the Republic of Croatia is regulated by the Water Act (Official Gazette -

OG153/09) and the Act on Water Management Financing (OG 153/09). Both acts are harmonised 

with EU water related acquis and were adopted in 2009. According to the Water Act, Croatian 

Waters are obliged to undertake preliminary flood risk assessment, develop flood hazard maps and 

flood risk maps and to prepare flood risk management plans. The European Commission and Croatia 

initiated a Twinning project. The Netherlands, Austria and France were selected by the European 

Commission and Croatia. Aim of this Twinning project is to contribute to the implementation of the 

Water Act through the preparation of flood hazard maps and flood risk maps.   

One of the results of the project shall be a number of guidance documents related to the 

implementation of the Floods Directive by Croatia: 

1. A guidance document on the technical aspects of the preparation of flood hazard maps and flood 

risk maps. 

2. A guidance document on the assessment of flood risks and adverse consequences of floods. 

3. A guidance document on the integrated assessment of existing and planned civil engineering 

measures for flood protection. 

4. A guidance document on the methodology for assessing potential impacts of climate change on 

flood risks. 

5. A guidance document on the participation of the public and stakeholders in flood risk 

management. 

6. A guidance document on the preparation of the Flood Risk Management Plans. 

This is the guidance document on the methodology for assessing potential impacts of climate change 

on flood risks. 

Legal and political base 

The Floods Directive was proposed by the European Commission on 18/01/2006, and was published 

in the Official Journal on 6 November 2007. Its aim is to reduce and manage the risks that floods pose 

to human health, the environment, cultural heritage and economic activity. The Directive requires 

Member States to first carry out a preliminary assessment by 2011 to identify the river basins and 

associated coastal areas at risk of flooding. For such zones they would then need to draw up flood 

risk maps by 2013 and establish flood risk management plans focused on prevention, protection and 

preparedness by 2015. The Directive applies to inland waters as well as all coastal waters across the 

whole territory of the EU. Long term development like climate change has to be taken into account. 

This means that the consequences of climate change on floods have to be considered. 
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The obligation to develop a national adaptation strategy can be found in the United Nations 

Framework Convention on Climate Change (UNFCCC 2007), as well as in Art. 10 (b) of the Kyoto 

Protocol (UNFCCC  1998), which came into force in 2005 and was ratified by Croatia in 2007. These 

agreements require the signatory parties to develop, implement, and update national and (where 

appropriate) regional programmes that facilitate adequate adaptation to climate change. 

With its Green Paper on adaptation to climate change in Europe (EC 2007), the European 

Commission established the foundation for adaptation initiatives at the EU level. In early April 2009, 

a White Paper on adapting to climate change: Towards a European framework for action (EC 2009a) 

was presented by the Commission. This White Paper sets out an action framework outlining how the 

European Union and its Member States should prepare for the consequences of climate change. In 

addition, the European Commission has taken first steps towards the implementation of the second 

pillar and presented, inter alia, guidance on river basin management in a changing climate (EC 

2009b). In April 2013, the EU Climate Change Adaptation Strategy was published and up to now 

fifteen EU Member States have developed national adaptation strategies.   

As Contracting Party to Danube River Protection Convention Croatia is member of the International 

Commission for the Protection of the Danube River (ICPDR). The ICPDR elaborated the ICPDR 

Strategy on Adaptation to Climate Change in 2013. 

The Croatian national climate change adaptation activities 

In Croatia, the newest EU member state, the issue of adaptation to climate change is a relatively new 

topic. Work on adaptation to climate change – on national level and on regional or local level – has 

just started.  

According to Article 118 of the Air Protection Act, the Ministry of Environmental and Nature 

Protection of the Republic of Croatia needs to prepare a comprehensive national action plan on 

adaptation to climate change in line with recommendations of the EU strategy on adaptation to 

climate change and with the support of EU funding instruments. Croatia is currently in the process of 

preparing this national action plan, i.e. strategy on adaptation to climate change. An amendment of 

the Air Protection Act which includes the development of both a national adaptation strategy and 

adaptation plan is currently open for public consultation. It is planned to adopt the amendment until 

summer 2014. (Peleikis et al, 2014). 

The future adaptation strategy for Croatia will focus on several sectors identified as most vulnerable 

to climate change impacts: hydrology and water resources, agriculture, forestry, biodiversity and 

natural ecosystems, coastal zone management, tourism and human health. It is also to define the 

priority measures and activities, as well as ways of integrating adaptation measures into sectoral 

development plans and strategic documents.       

One policy measure has already been introduced by the Ministry of Environmental and Nature 

Protection in relation to adaptation. This is the recent setting up of an Intersectoral Committee for 

the intersectoral coordination of policies and measures on climate adaptation and mitigation at 

national level. This two-tiered Committee includes institutional representatives of ministries and 

agencies to discuss policy issues, while experts and practitioners from various sectoral institutions 

will address technical issues. The members of this committee are nominated for one and a half year 

to allow a certain degree of coherence. (Peleikis et al, 2014) 



 

 

7 guidance document on the methodology for assessing potential impacts of climate change on 
flood risks 

March 2014 

 

 

 

1. Status quo of knowledge 

 

1.1  Status quo 

The ICPDR  (International Commission for the Protection of the Danube River) is the platform for 

coordination of the implementation of the WFD on the Danube basin-wide scale. The WFD, together 

with the EU Floods Directive (FD) from 2007, are of highest priority for the ICPDR, as all its 

contracting parties, including non-EU countries, agreed to a coordinated implementation.  

As a result of these efforts, the 1st Danube River Basin Management Plan (1st DRBM Plan) was 

developed based on the principles of the WFD and adopted by the ICPDR in 2009. It included the first 

conclusions on the need for climate adaptation. According to the six-year management cycle of the 

WFD, the Danube River Basin Management Plan will be reviewed and updated by the end of 2015 

(2nd DRBM Plan). This is the same target date as for the elaboration of the 1st Danube Flood Risk 

Management Plan (1st DFRM Plan) according to the FD, which will, in the future, also be reviewed 

and updated in six-year planning cycles.  

Both directives and related management plans are key tools for the adaptation of the water sector to 

climate change, including the issue of water scarcity and droughts.  

The underpinning rationale and processes for the implementation of the WFD and FD are  applicable 

to approach the issue of climate adaptation. In particular, the integrated approaches to water and 

ecosystem management, combined with the cyclical review of progress achieved, are consistent with 

the basic principles of adaptive management which is specifically important for climate change 

adaptation. In addition, climate change impacts upstream can have implications downstream and 

vice versa. Therefore, international cooperation as part of the implementation of both directives 

plays an important role (IPCDR 2013). 
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Table 1: Activities concerning the IPCDR adaptation strategy (IPCDR, 2013) 

However, the strategy points also out some limitations in terms of what can be delivered in the 

frame of the ICPDR on adaptation. These limitations are two-fold: touching on one hand the level of 

detail which can be achieved in adaptive planning on the Danube basin-wide scale; on the other hand 

the relevance for different sectors concerned. A demarcation of action fields for the ICPDR is 

therefore required. While the focus should be on integrative planning for the water sector on issues 

relevant at the basin-wide scale, more detailed planning has to take place at the sub-basin and/or 

national level, which may deliver further detailed adaptation actions and strategies that additionally 

cover non water-related sectors (IPCDR, 2013). 

The ISRBC (International Sava River Basin Commission) is also working on establishing a link between 

flood risk management planning and the climate change assessment in the Sava River basin. (ISRBC, 

Kolarov, 2014) 

Additionally, National Action Plans like the one for Croatia as well as national communications under 

the United Nations Framework Convention on Climate Change (UNFCCC), are important documents 

to serve, together with the National Adaptation Strategies, as a basis for international coordination 

within the Danube basin (IPCDR 2013). 

On the Croatian national level, the first steps to provide and collect data and knowledge regarding 

climate change impacts and adaptation already started (e.g. Project CroAdapt). There are diverse 

single activities dealing with impacts and adaptation to climate change which might have also a 

connection to flood risk management as shown in the following examples: 

• The City of Zagreb has finished the first phase of the background study „Climate adaptation 

plan for the City of Zagreb“ in 2013. 
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• In the frame of the South East European (SEE) Forum for Climate Change Adaptation, the 

Croatian Red Cross in cooperation with the Ministry of Health and regional public health 

institutes works continuously on building capacities of health workers for coping with 

climate change effects, through workshops and public discussions, distribution of 

educational materials in medical institutions, direct advisory services to elderly people, as 

well as HydroMet public emergency warnings in cases of weather extremes, heat waves and 

bio-meteorological forecasts. 

• The UNEP/MAP’s Priority Actions Program/ Regional Activity Centre implements the project 

“Integrating impacts of climate variability and change into integrated coastal zone 

management”, aimed at assessing the costs of climate change and variability by using DIVA 

methodology (Dynamic Integrated Vulnerability Assessment) for the Croatian coastal area  

(Peleikis et al, 2014). 

During the various missions and workshops of the Twinning project, it became clear that besides 

Croatian Waters, various other stakeholders like the Croatian Meteorological and Hydrological 

Service, the University of Zagreb, the International Sava River Basin Commission and the State 

Institute for Nature Protection have knowledge about the (hydrological) consequences of climate 

change. What is actually missing are generally accepted climate change scenarios and the 

consequences on hydrology, both in terms of an increase in flooding as well as an increase in water 

shortage during certain periods. 

1.2  Climate trends and risks in Croatia 

The Project CroAdapt gives a short overview of climate trends and risks in Croatia. How exactly the 

global warming is changing the conditions in Croatia is still unclear, however, since the 19th century, 

meteorological data has been taken from several stations in Croatia, allowing for a reliable 

documentation of long-term climatic trends. The key trends of the 20th century can be summarized 

as follows: 

• All across the country, rising average temperatures were indicated, especially pronounced 

during the last 20 years. The increase of mean annual air temperature in the 20th century 

varied between 0.02°C per 10 years (Gospić) and 0.07°C per 10 years (Zagreb). The positive 

temperature trends in the continental parts of Croatia are mainly due to winter trends, while 

those on the Adriatic coast can mainly be attributed to summer trends. 

• There has been a trend of slightly declining rates of annual precipitation during the 20th 

century, continuing at the beginning of the 21st century, and an increase in the number of 

dry days all over Croatia. Also the frequency of dry spells, i.e. the number of consecutive dry 

days, has risen.  

From all climate change driven hazards, only flooding has been identified by the National Hazard 

Assessment as major risk in Croatia. Due to the fact that Croatia is situated in the Danube basin and 

is under strong influence of the Sava and Drava rivers, it is estimated that 15% of the Croatian 

territory is prone to floods. Other climate change driven hazards recognized as risks for Croatia are 

sea level rise, extreme temperature and precipitation, drought and wind. The Mediterranean, 

including the Croatian Adriatic coastline, is affected by global sea-level rises. 
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Particularly at risk are low islands and river deltas which are vulnerable to coastal flooding. However, 

the Croatian coast is a tectonically active area which makes it difficult to accurately predict the 

impacts of sea level rise as long-term trends in sea level changes may be obscured.  The increasing 

temperatures and declining precipitation brings an increased risk of droughts, which is particularly 

high when there are longer periods of extreme temperatures. From the ten warmest years since the 

beginning of the 20th century, seven of them were recorded after the year 2000 in Zagreb, in Gospić 

six of them were recorded in the first years of the 21st century 2003 being the hottest year in Croatia 

since 1862. 

As regards winds, the bora and the jugo are the two dominant winds in Croatia, both major factors at 

the Adriatic coast. While severe bora winds can drastically decrease temperatures, jugo winds can 

cause serious coastal flooding. How exactly the frequency and strength of these winds will change 

under climate change is at present not known yet (Peleikis et al, 2014). 

Examples for water related vulnerabilities  

Coast site: There is still significant uncertainty about the level of sea level rise in the Adriatic Sea. 

However, a lot of important economic activities take place on or near Croatia’s coastal zone (e.g. 

tourism, shipbuilding, maritime transport, and agriculture), so sea level rise has the potential to 

become one of the most expensive climate change impacts (Pandžić n. d.: 25). 

Natural sites: In addition to the coast, there are other specific natural sites, such as inland national 

parks. Warmer temperatures can lead to a variety of changes in coastal and inland ecosystems, such 

as changing the species composition of ecosystems (including increased amounts of mosquitoes) and 

the levels of algae which both could negatively impact tourism as well. 

Energy: There are some concerns with regard to climate change, as it may affect in particular the 

country’s hydropower production, in 2010 making up more than 60% of all national electricity 

production (Simac/Vitale 2012: 26f.). 

Infrastructure: More frequent extreme events would also threaten all types of energy infrastructure, 

with an associated increase of maintenance costs (ibid.). 

Fresh water: Although there is no shortage of water per se in Croatia, risks do exist, in particular for 

the agriculture sector (water shortages at critical times of the growing season), the Croatian 

electricity production (decreased river flows may impact the electricity production from hydropower) 

and wetland services. However, the present knowledge on climate change impact on fresh water 

resources in Croatia is not sufficient for precise assessments yet (Pandžić n. d.: 22). 

Biodiversity and ecosystems: Impact of climate change on biodiversity and ecosystems is already 

visible in salt intrusion into wetlands and freshwater bodies. The resulting changes of vegetation as 

well as temperature changes might lead to ecosystem changes and therefore habitat fragmentation 

for many species, which might require adaptation in the protected areas management. 

Fishing: Climate change will also have an impact on fishing and marine industries. Changes in the 

distribution of species in the Adriatic Sea will result in both benefits and losses which may not be 

distributed equally. (Peleikis et al, 2014). 

Balancing interests and multilevel-governance  
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A challenge in adaptation results from the fact that adaptation is a classic cross-cutting issue. It 

involves a multitude of areas for action (e.g. infrastructure, energy supply, water management, 

protection from natural hazards) and stakeholders from various fields. In addition, different levels 

and areas of responsibility are affected by taking action on adaptation, from public administration 

units (local up to national) to various economic sectors to individual people. 

Interdependencies also arise between the various levels and areas for action, such that benefits in 

one area can lead to undesirable consequences in another. A lack of cooperation and coordination 

between the different areas for action, actors, and decision-making levels can cause conflicts and 

consequently potential synergies (including those of a financial nature) could possibly not be utilized. 

Therefore, a cross-sectoral perspective and the integration of adaptation in diverse policy areas 

should be pursued. (BMLFUW 2013) 

The Floods Directive asks the Member States to reduce and manage the risks of flooding. An increase 

in flood risk will be one of the consequences of climate change. However, other possible changes in 

the water system may occur as well.  

Additionally the flood risk management plans have to be coordinated and preferably integrated with 

the river basin management plans. This will guarantee that in the programme of measures, all these 

aspects will be included and considered. 

Quality criteria for climate change adaptation 

Climate change is affecting a number of sectors, systems, institutions, and individuals, with widely 

varying effects at the local and regional levels. Currently, adaptation initiatives are primarily focused 

on addressing short- and medium-term effects and are set up individually in response to already 

occurring climate change impacts (reactive). To date, these initiatives have mainly concentrated on 

the reduction or (in the best case) avoidance of losses and damages from extreme weather events 

(e.g., flood protection, drought-resistant crops). The consideration of long-term effects (proactive 

measures) has only been rudimentary, due in part to uncertainty about the future effects of climate 

change (BMLFUW 2013).  

1.3  What does adaptation mean? 

The term adaptation refers to initiatives and measures enacted to “decrease the sensitivity of natural 

or human systems to the actual or expected effects of climate change” (IPPC 2007). 

Adaptation activities seek to reduce vulnerability to climate change, to increase resilience, and to 

take advantage of potential opportunities presented by changing climatic conditions. Adaptation can 

be brought about in many ways and at various levels of action: forward-looking (proactive) or in 

response to specific climatic effects (reactive), on the public or private level, autonomously or 

planned. 

Generally speaking, a wide range of adaptation options are available. They can be broadly classified 

into three categories (EC 2009): 

1. “Grey” infrastructure approaches, corresponding to physical interventions or construction 

measures and using engineering services to make buildings and infrastructure essential for 

the social and economic well-being of society more capable of withstanding extreme events 

(such as technological systems for flood protection or slope stabilization), 
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2. “Green” structure approaches are contributing to the increase of ecosystems resilience and, 

while addressing goals such as halting biodiversity loss, degradation of ecosystem or 

restoring water cycles, at the same time use the functions and services provided by the 

ecosystems to achieve a more costs effective and sometimes more feasible adaptation 

solution than relying solely on grey infrastructures alternatives. Increasing the resilience of 

green infrastructures therefore can be considered as synergy and no regret actions, 

3. “Soft” non-structural approaches, corresponding to design and application of policies and 

procedures and employing for instance land use controls, information dissemination, and 

economic incentives to reduce or prevent disaster vulnerability. They require more careful 

management of the underlying human systems.(BMLFUW 2013) 

1.4  Guiding principles 

In support of adaptation planning, generic guiding principles have been devised that can be 

independently applied by the participating sectors, levels, and stakeholders. The following ten 

guiding principles summarize the key factors for successful adaptation. This offers an orienting 

framework for adaptation, while still leaving sufficient room for situation-specific decisions. 

The guiding principles for adaptation can be summarized as follows: 

• Assume responsibility: The clear commitment of decision-makers to adaptation and their 

willingness to accept management tasks in an organization or group of people must be 

present from the outset. 

• Share information: Learning from other actors, the continuous enhancement of knowledge, 

and the communication of information are all essential for adaptation processes. Scientific 

information must be presented in a way that meets the requirements of the specific target 

audience. 

• Foster cooperation: Working in partnership with the relevant and affected parties 

throughout the entire adaptation process is an important prerequisite for successful 

adaptation. The following guidelines may be helpful for identifying relevant actors: 

� Who is affected by the consequences of climate change or by potential adaptation 

decisions? 

� Who is responsible for the implementation of potential adaptation measures? 

� Who can facilitate the success of adaptation measures? 

� From the outset, the objectives of cooperative efforts and the areas of influence of 

the participants must be clearly determined and communicated. 

• Work with uncertainties: Uncertainties are an inherent part of all projections of climate 

change and its impacts. In accordance with the precautionary principle, adaptation measures 

must nevertheless be introduced. Adaptive management is characterised by a stepwise and 

iterative approach to the planning, implementation, and improvement of adaptation 

measures. For sectors with long-term planning horizons, it is crucial to maintain or enhance 

the resilience of natural and human systems. 

• Prioritize climate change impacts: For the prioritisation of climate change impacts at the 
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regional level both past weather events and scenarios of possible future climatic and 

socioeconomic changes should be analysed. In order to minimize the uncertainty in climate 

scenarios, several scenarios should always be drawn upon for the estimation of climate 

trends. 

• Employ a wide range of adaptation options. In planning, the entire potential portfolio of 

technological, behavioural, informative, organisational, ecosystem-based, and socio-

economic adaptation measures, both sector-specific and cross-cutting, should be 

considered. The available options should be described in the greatest detail possible – for 

example, in terms of their objectives, direct, indirect, temporal, and spatial effects, as well as 

the actors and those affected. 

• Prioritise adaptation measures. To prioritize the implementation of the identified adaptation 

measures, a set of selection criteria can be applied, such as efficiency, effectiveness, 

urgency, flexibility, side effects, etc. Priority should be assigned to any measure that 

generates benefits independent of climate change (“win-win”) or that entails no 

disadvantages in case the actual climate change does not correspond to projections (“no 

regret”). 

• Integrate into existing instruments and structures: Existing instruments and decision-making 

processes, both in the public administration and in the private sector, should be reviewed 

with regard to their suitability to address climate change and modified as needed. Where 

necessary and appropriate, new instruments must be considered. 

• Avoid conflicts of objectives and interests: In the planning of adaptation measures, 

anticipatory balancing of short- and (especially) long-term effects – also on other areas – is 

critical for the success of their implementation. Above all, it must be ensured that 

adaptation measures do not contradict the objectives of climate change mitigation and 

sustainability. 

• Establish a system for monitoring and evaluation. Adaptation is a continuous process that 

requires regular review of the prioritized climate change impacts and the effectiveness of 

the selected adaptation measures. Monitoring should accompany the ongoing learning 

process of adaptation, while the evaluation system focuses on the assessment of results. 

Monitoring and evaluation in adaptation efforts should be considered in parallel with the 

design of the measures. The use of indicators can facilitate the monitoring and evaluation of 

adaptation measures. (Prutsch et al 2010) 

1.5  Criteria for prioritising 

Certain sectors of society and regions are affected by climate change in different ways and to varying 

degrees. The extent to which the people, the environment, and the economy of a region will be 

influenced by the consequences of climate change depends on both the natural vulnerability of the 

region and on its existing adaptive capacity to cope with climate change and extreme weather. 

This results in differing requirements for action. In order to determine which recommendations 

should be assigned priority in a certain area for action or a certain region, this list of criteria is 
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introduced. This list serves to support the actors concerned for setting their priorities in the 

adaptation process. 

In general, however, it must be noted that any measure should be prioritised if it provides benefits 

independent of climate change (“win-win”) or entails no disadvantages in case the actual climate 

trends do not correspond to projections (“no regret”). Due to the inherent uncertainty in the effects 

of future climate warming, it is necessary to select and implement flexible measures that can be 

easily adjusted to changing conditions. As a basis for prioritisation, comprehensive descriptions of 

the recommendations for action are required. 

As criteria can have different meanings depending on the objective and the context, weighting of the 

criteria is suggested. The selection of the prioritisation criteria and their weighting should be 

undertaken with affected actors in a participatory process. 

� Significance/Relevance: The recommended actions have a large potential to reduce the risk 

of negative consequences of climate change, to improve the resilience of the sector/system, 

and to take advantage of the positive effects of climate change. Aspects to be addressed: 

How significant is the measure in absolute terms? Is only a relatively small portion of the 

population and society affected, or a very large part? If this measure were not implemented, 

would the damage to society as a whole be large or rather small? 

� Urgency: The recommendation requires rapid implementation because the effects are 

already being felt, long-term planning processes are necessary, or the recommended action 

only becomes effective with a lag of time (e.g., forestry, technical infrastructure). 

� Robustness: Recommendations will be given priority that unfold an advantage independent 

of climate change (“win-win”) or entail no disadvantage in case actual climate change does 

not correspond to projections (“no regret”). Under this criterion, those measures will be 

highly rated that create an environmental, economic, or other benefit for society 

independent of the extent of climate change. 

� Flexibility and Reversibility: The recommendations take due account of uncertainties 

regarding future global warming. They are therefore designed to be flexible, so that they can 

be easily adjusted or reversed based on changing conditions. 

� Cost/Benefit Ratio: This option represents a good cost-benefit-ratio. For this criteria it may 

only be possible to take into account qualitative estimates and values from the literature as 

available. The issue of potential loss in competitiveness in an international comparison is also 

to be considered in this context. 

� Positive Side Effects: The recommended actions have a positive effect on the environment 

(ecosystems, biodiversity, water resources, and soil) and on socio-economic aspects. The 

measures should also be consistent with the objectives of other environmental policy 

processes. 

� Simultaneous Mitigation Effects: Specifically, recommendations for adaptation action 

support the objectives of climate change mitigation and, in the best case, contribute to 

reductions in greenhouse gas emissions. 

� Interactions with Other Recommended Actions: Climate change as a cross-cutting issue 

affects different levels and sectors and will present major challenges in the coming years and 

decades requiring substantial changes and investments. The question is to what extent 

proposed adaptation measures in one sector affect and influence measures from other 



 

 

15 guidance document on the methodology for assessing potential impacts of climate change on 
flood risks 

March 2014 

sectors. In addition, there are also other developments, trends, and measures to consider. 

Priority should be assigned to recommended actions that feature synergies with other 

measures and developments. 

� Political Feasibility: The prioritisation should also take into account an estimation of the 

political feasibility. Will consensus be achievable and can the implementation probability be 

rated as high, or will the measure be difficult to realise? (BMLFUW 2013). 
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2. Scenarios 

2.1   The need for scenarios 

To formulate strategies and make decisions about future investment, policy makers in water 

management have traditionally focused on forecasting methods and tools. In terms of the 

biophysical systems ‘stationarity’ was assumed. This implied that long term variability in water 

resources availability and flood risk could be estimated based on historical observation. In reality this 

is not the case; water availability and flood frequencies will likely change due to global warming 

(Milly et al. 2008; Ludwig et al. 2013). The magnitude of the expected changes in climatic and 

hydrological variables is highly uncertain. This uncertainty poses a set of new and additional 

challenges for water management. Although climate change information has improved over the last 

decades and many climate impact studies have been carried out, water managers still struggle how 

to cope with the possible impacts of climate change.  

However, not only the future climate is uncertain. Also future socio-economic changes depend on 

many different external factors. Historically, socio-economic predictions were often based on the 

extrapolation of past trends (Terwisscha van Scheltinga et al. 2013). It was assumed that it is possible 

to predict the future and decision were often based on a single future scenario. This might be a good 

approach for well-understood problems with low uncertainties, but for complex issues with large 

uncertainties it is impossible to predict the future.  

Scenarios play a central role in defining climate change adaptation strategies. By developing multiple 

scenarios it becomes easier to anticipate to future developments and to take into account 

uncertainties. Scenarios make it easier to be more explicit about important long term uncertainties 

and therefore facilitate the development of strategies. It also assists in identifying which decisions 

and investments can and should be made in the near term and which options should be reserved for 

later decisions.  

2.2   What are scenarios 

Scenario analysis is used for dealing with uncertain futures. It aims to assess the possible impacts of 

important drivers and to assist the design of policies (e.g. Carter et al., 2007). Scenarios can be a 

sequence of events resulting into a particular future condition. Scenarios can also represent a story 

of a certain future or a specific future event. A scenario is neither a forecast nor a prediction but it 

should be considered as a plausible story about the future. Example: Within the delta plans of the 

Netherlands, Vietnam and Bangladesh a set of scenarios are or will be adopted which reflect the 

most import range of uncertainties in future projections. They reflect different perspectives on future 

developments and serve as the basis for future investments (Van Notten, 2005). 

2.3   Drivers of scenarios 

Scenarios should be based on the most relevant and plausible changes, which represent critical 

uncertainties. Within the Scenarios for the Dutch delta plan the first step was to formulate the focal 

question(s), such as: Which (external) events, circumstances and (autonomous) developments are 

critical for water management, in particular for flood protection, fresh water supply and water 

quality? Thereafter an evaluation was done on the major drivers of change and classified them 
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according to their impact and uncertainty (Figure 1). The uncertainty-impact matrix can assist in 

identifying the main drivers. Drivers which both have a major impact and are highly uncertain 

represent the “critical uncertainties” which should be included in the delta scenarios. The Impact-

Uncertainty Matrix was developed for the Dutch Deltaplan scenarios and also during a recent 

scenarios building workshop in Bangladesh.  

 

Figure 1 Impact-Uncertainty Matrix (based on Terwisscha van Scheltinga et al. 2013) 

The major changes which were considered within the Dutch Delta-scenarios are climate change and 

socio-economic development. For socio-economic development the major important uncertainties 

are demographical development and economic growth (Bruggemans et al, 2011). In Bangladesh 

similar drivers were identified during a scenario development workshop in Dhaka in October 2013. 

Also here socio-economic development and climate change were seen as the drivers with the highest 

uncertainty and impact. An additional important driver identified for water management in 

Bangladesh is the international cooperation and upstream development.  

By integrating the two driving forces which the most impact and highest uncertainty a four-quadrant 

matrix can be developed which then results in four different scenarios. For example in the Dutch 

Delta programme four different scenarios were developed which were a combination of high and 

moderate climate change and socio economic growth and “squeeze” (Figure 2). Once a more 

detailed narrative has been developed and key variable have been quantified for each scenarios, they 

can be used to define and evaluate the specific water related implications for different time horizons. 

Within the Dutch delta plan for the different scenarios land use maps were developed. This can be 

very useful in the scenarios are also used to assist in future land use planning which is often the case 

in delta plan.  
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Figure 2 Scenarios for the Dutch Deltaplan 

structured in a four quadrant matrix 

(Bruggemans et al., 2011) 

 

 

 

 

 

 

 

Scenario development is an important tool for Adapted Delta Management. Scenarios are 

descriptions of plausible futures. Hence, they are not predictions, as it is extremely difficult to attach 

probabilities to them. Instead, we use them to test our array of measures and strategies, which 

implies that it is important to choose our scenarios in such a way that together they form a canvas of 

all possible futures. Therefore it is often advisable not to develop three scenarios – e.g. a worst case, 

a best estimate and an optimistic scenario, as people tend to choose the middle one – but to have a 

least four, each at a corner of the canvas (see Figure 3).  
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Figure 3 Example of scenarios used in the Dutch Delta Program 

Avoid over- and under-investments 

Insight in the adaptation pathways is not only relevant for the required flexibility of measures, but 

also in view of the risks of over- or under-investments. Under-investment occurs if it turns out that 

the solutions are not adequate. Over-investment on the other hand happens when measures are 

over dimensioned, which proved unnecessary and therefore too expensive. Delaying a measure 

reduces the risk of over-investment, because over time more information becomes available 

regarding climate changes and economic developments, which reduces the uncertainty. However, 

care should be taken that measures are not taken too late should they become necessary after all. 

Some measures require a considerable lead time for planning and implementation before they 

become effective (Van Rhee, 2012). 

2.4   How to downscale climate scenarios  

 

Global Climate Models 

There are a variety of global climate models (GCM). In a limited number of these GCMs the relation 

between ocean and atmosphere is considered. For the development of climate scenarios for the 

Netherlands 5 GCMs were considered. Between these models there are still large differences. The 

differences between these various models can be explained by differences in changing of air 

circulation. 

Downscaling Global Climate Models 

Because of scale factors, the global climate models have to be downscaled to regional climate 

models. Sometimes it is necessary to use historic or local measurement series. The combined 

GCM/RCM scaling approach only produces meaningful changes for a limited number of indices 

related to the means and the extremes of climate variables of interest, in particular temperature and 

precipitation.  

Many applications, however, need a more complete description of the probability density functions 

or time series representative for future climate conditions for these climate variables. For the 

development of Dutch climate scenarios, where possible, additional information on spatial and 

temporal variability was added by a transformation of a set of observation time series from Dutch 

weather stations covering the 20th century. This transformation, for example, yields changes in the 

number of cold and warm days or 10-day precipitation amounts (source: van den Hurk et al, 2006). 

With these downscaled models, climate scenarios can be developed. 
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Figure 4 Spatial patterns of temperature changes in December, January and February of the 5 

analysed GCMs. Shown are the response of the SRES A1b simulations around 2050 (2035-2065) 

relative to 1990 (1975-2005) (source: van den Hurk et al, 2006) 

Figure 5 Schematic presentation of the 

methodology used for the construction 

of the KNMI’06 climate scenarios. The 

blue rectangles describe the sources of 

scenario information in the green 

rectangles. The arrows symbolise the 

information flow. Information about the 

climate system at global, regional and 

local scales was used for the climate 

scenarios 

 

 

 

 

 

 



 

 

21 guidance document on the methodology for assessing potential impacts of climate change on 
flood risks 

March 2014 

Development of climate scenarios 

For the development of climate scenarios in the Netherlands, two parameters were considered 

essential: change in temperature and change in air circulation. Based on the results of the IPCC4 

scenarios a future increase of 1 oC and 2 oC were considered. For the change in air circulation two 

possibilities were considered, a slight change in air circulation and a strong change in air circulation 

giving warmer and moister winters and a likelihood of dry and warm summers. The Netherlands 

didn’t consider emission scenarios, because the difference between models was bigger than the 

differences between scenarios (Bruggemans  et al, 2011). 

 

Figure 6 Climate scenarios in the 

Netherlands 

 

 

 

 

 

 

 

Using these climate scenarios the consequences on temperature, rainfall and evapotranspiration 

were calculated (Bruggemans  et al, 2011).  

As explained in the previous chapter, there is no prediction how much the winter temperature will 

rise in 2050, but it gives a range of plausible values. Switzerland used a different approach, 

Switzerland did consider emission scenarios. It considered 3 emission scenarios from the IPCC study: 

• A1B   

This emission scenario is characterized by a balance across fossil-intensive and no fossil energy 

sources. It belongs to the A1 scenario family describing a future world of very rapid economic 

growth, global population that peaks in mid-century and declines thereafter, and the rapid 

introduction of new and more efficient technologies 

• A2  

This emission scenario describes a very heterogeneous world. Fertility patterns across regions 

converge very slowly, which results in continuously increasing population. Economic development 

is regionally oriented and per capita economic growth and technological changes are more 

fragmented and slower than in other emission scenarios. 

• RCP3PD  
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This emission scenario illustrates an emission scenario that stabilizes the atmospheric CO2 

equivalent concentration near 450 ppm by the end of the century. The RCP3PD scenario likely 

prevents global warming of more than two degrees Celsius since the pre-industrial period. 

 

A number of GCMs and RCMs are used. For each of the scenarios and each of the 3 regions of 

Switzerland projections were made. See the next figure with projections of temperature and 

precipitation for 4 seasons: winter (DJF), spring (MAM), summer (JJA) and fall (SON). Projections are 

given for 3 periods: 2020-2049 (blue), 2045-2074 (orange) and 2070-2099 (green) 

 

Figure 7 

Projections for 

temperature 

change and 

precipitation 

change for 

North-East 

Switzerland 

based on the A1B 

emission 

scenario.  

 

Various RCM were used and the next figure shows the outcome of some parameters. From 2045 

onwards all models predict for the 3 regions of Switzerland an increase of 75% for the number of 

warm spell days. The maximum 5 days rainfall in the period between November and March for 

North-East and West Switzerland for all the 3 periods considered can increase or decrease by 25% 

(source: CH2011, 2011).  

)  

Figure 8 Summary of projected changes in climate extreme indices for three regions of Switzerland 

(CHNE, CHW, CHS). 
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Consequences of climate scenarios on discharge 

The results of the climate change scenarios can be included into hydrological models to calculate the 

change in discharge. For the Rhine and the Maas several studies were executed (de Wit et al, 2001, 

de Wit, 2004, de Wit et al, 2007). For the catchment of the river Maas an increase of 20% more 

rainfall in 2100 resulted in an increase of 20% of discharge (de Wit, 2004). The actual design 

discharge (i.e. a flood with a return period of 1250 years) is 3800 m3/s. The expected increase in 

rainfall will result in an increase of the design discharge from 3800 m3/s to 4600 m3/s (de Wit, 2004).  

For the Rhine it is expected that a temperature rise of 1 oC will give an increase of discharge of 5% 

(de Wit, 2007). The actual design discharge is 16.000 m3/s. Depending on the various scenarios the 

discharge will increase as shown in the next  table. 

 

Table 1 Increase in discharge of the Rhine for various climate scenarios in the Netherlands. 

For the Sava river, consequences of climate change have been studied recently by the University of 

Ljubljana (University of Ljubljana, 2013). 

Sub-basins WS 
E-OBS 

m3/s 

11-40 

m3/s 

41-70 

m3/s 

71-

2100 

m3/s 

11-40 

/E-OBS 

41-70 

/E-OBS 

71-

2100 

/E-OBS 

Sava I Čatež 2780 3297 3770 4134 1,19 1,36 1,49 

Kolpa/Kupa  Šišinec 1522 1595 1664 1722 1,05 1,09 1,13 

 Sava II Crnac 2510 2670 2817 2929 1,06 1,12 1,17 

Una Kostajnica 1407 2060 2245 2188 1,46 1,60 1,56 

Sava III Jasenovac 2718 2863 2993 3086 1,05 1,10 1,14 

Vrbas 
Delibašino 

selo 
707 813 845 825 1,15 1,20 1,17 

 Sava IV 
Slavonski 

Brod 
3573 3895 4062 4142 1,09 1,14 1,16 

Bosna Doboj 767 985 1025 1103 1,28 1,34 1,44 
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 Sava V Županja 4227 4699 4957 5270 1,11 1,17 1,25 

Drina I Bajina Bašta 2474 2683 3087 2719 1,08 1,25 1,10 

Drina II Kozluk 2407 2639 3059 2686 1,10 1,27 1,12 

 Sava VI 
Sremska 

Mitrovica 
6603 7143 7580 7409 1,08 1,15 1,12 

confluence  6715 7253 7695 7509 1,08 1,15 1,12 

     
averag

e 
1,14 1,22 1,23 

     max. 1,46 1,60 1,56 

     min 1,05 1,09 1,10 

Table 2 Results of modelling climate change flood peaks using the E-OBS data (European Observation 

data) of the 100-year return period (in m3/s and %). 

2.5   How to handle uncertainties
1
? 

Finding a proper way to deal with uncertainties is undoubtedly a key challenge for the planning and 

implementation of any adaptation measure. Above all, uncertainty emerges from global and regional 

scenarios for the future evolution of the climate. A lack of understanding regarding meteorological 

processes (especially feedback processes), ambiguous development of greenhouse gas emissions, 

missing long-term data, and the limited spatial resolution in the calculation of climate scenarios all 

lead to uncertain conclusions. Climate scenarios are always merely approximations of reality and can 

never account for all influencing factors. They do not provide definite predictions about a specific 

future course of events, but rather show the wide range of plausible future developments. 

Despite these inevitable uncertainty factors, climate scenarios represent an essential basis for the 

understanding of climate change and its potential effects. 

In addition to uncertainties linked to climate models, there are also uncertainties with regard to 

future developments in greenhouse gas emissions. This issue is dependent on many factors, such as 

population growth, economic growth, trends in energy prices, and changes in land use, as well as in 

how far technologies enabling reductions in greenhouse gas emissions gain worldwide acceptance. 

Nevertheless uncertainties should never be seen as an acceptable excuse for administrative or 

political non-acting. In order to manage uncertainty, one must be aware that an entire spectrum of 

different levels of knowledge exists, ranging from the unachievable ideal of complete deterministic 

understanding at one end of the scale to total ignorance at the other. Policy analysts have different 

methods and tools to treat the uncertainties at the various levels. We can distinguish 4 levels: 

                                                           

1 This section is largely based on Walker & Haasnoot, 2011 
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Level 1 uncertainty is any uncertainty that can be described adequately in statistical terms (e.g., 

historical weather patterns and river flows). In the case of uncertainty about the future, Level 1 

uncertainty is often captured in the form of a (single) forecast (usually trend based) with a 

confidence interval. An example of Level 1 uncertainty might be the measurement uncertainty 

associated with observed data. Many measurements include stochastic noise that prevent them from 

ever precisely representing the “true” value of what is being measured. 

Level 2 uncertainty represents the situation in which one is able to enumerate multiple alternatives 

and is able to rank the alternatives in terms of perceived likelihood. That is, in light of the available 

knowledge and information there are several alternative, trend-based futures, different 

parameterizations of the system model, different conceivable sets of weights, and alternative sets of 

outcomes. Some estimate can be made of the likelihood (e.g., probability) of each of the alternatives. 

In the case of uncertainty about the future, Level 2 uncertainty about the future world is often 

captured in the form of a few scenarios based on alternative assumptions about the driving forces 

(e.g., three scenarios for sea-level rise, based on three different assumptions about climate change). 

The scenarios are then ranked according to their likelihood. 

Level 3 uncertainty represents the situation in which one is able to enumerate multiple plausible 

alternatives without being able to rank the alternatives in terms of how likely or probable they are 

judged to be. This inability can be due to a lack of knowledge or data about the mechanism or 

functional relationships that is being studied, but this inability can also arise due to the fact that the 

decision-makers cannot agree on the rankings. As a result, analysts struggle to specify the 

appropriate models to describe interactions among a system’s variables, to select the probability 

distributions to represent uncertainty about key parameters in the models, and/or how to value the 

desirability of alternative outcomes (Lempert et al. 2003). 

Level 4 uncertainty (Deep uncertainty) implies the deepest level of recognized uncertainty; in this 

case, we know only that we do not know. We recognize our ignorance. Recognized ignorance is 

increasingly becoming a common feature of our existence, because catastrophic, unpredicted, 

surprising, but painful events seem to be occurring more often. Taleb (2007) calls these events “Black 

Swans”. He defines a Black Swan event as one that lies outside the realm of regular expectations (i.e., 

“nothing in the past can convincingly point to its possibility”), carries an extreme impact, and is 

explainable only after the fact (i.e., through retrospective, not prospective, predictability). One of the 

most dramatic recent Black Swans is the concatenation of events following the (2007) subprime 

mortgage crisis in the United States. The mortgage crisis (which some had forecast) led to a credit 

crunch, which led to bank failures, which led to a deep global recession (in 2009), which was outside 

the realm of most expectations. 
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Figure 9 Different approaches and types of policies for each level of uncertainty (Walker & Haasnoot, 

2011).  

Approaches to deal with Level 1 uncertainty 

Approaches best suitable for this level assume that the current system is well known and that the 

future is clear. They base the policy on that assumption or on a single forecast. In this case, it is 

possible to use a single (perhaps, optimization) model to find the ‘best’ policy. Sensitivity analysis 

studies the influence of variation in the model parameters and initial values on the model outcomes. 

It can be used to explore how sensitive the policy results are to the assumptions. This approach is 

sometimes called the ‘predict-and-act’ approach. The resulting policy is ‘optimal’, but is fragilely 

dependent on the underlying assumptions. 

Approaches to deal with Level 2 uncertainty 

These approaches assume that the context, the system, and the weights are so well understood that 

the analysis can be completely based on probability functions. For example, they assume that there 

are only a few alternative futures that they can be predicted well enough, and that probabilities can 

be assigned to them. In this case, a model for each future can be used to estimate the outcomes of 

policies for these futures. A preferred policy can be chosen based on the outcomes and the 

associated probabilities of the futures (i.e., based on ‘expected outcomes’ and levels of acceptable 

risk). Monte Carlo simulation, Ensembles analysis, and Decision Analysis are among the many 

approaches used to deal with Level 2 uncertainties. Ensembles are used in climate forecasting to take 

into account the chaotic nature of the atmospheric dynamics. Probabilistic approaches, such as 

Bayesian statistics or fuzzy sets, are frequently used in flood risk studies or operational flood 

forecasting. These methods assume that uncertainty is caused by randomness and are applied when 

the uncertainties can be represented probabilistically (see, e.g. Bedford and Cooke 2001).  

Approaches to deal with Level 3 uncertainty 

Approaches dealing with Level 3 uncertainties identify a policy that is robust (i.e., works fairly well) 

across a range of plausible futures (or different plausible understandings of the working of the 

current system). These approaches assume that, although the likelihood of the future world is 

unknown, a plausible future can be specified well enough to identify a (static) policy that will produce 

acceptable outcomes in most of them. We call this static robustness; it is more often called scenario 

planning (Van der Heijden 1997). Most long-term water management studies have adopted scenario 
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analysis (sometimes in combination with one of the methods for dealing with Level 1 and Level 2 

uncertainties mentioned above) as adequate instruments to explore uncertain aspects of the future, 

the potential implications of future global change, and possible strategies. 

To deal with uncertainty in the model structure of climate models, the IPCC uses results of different 

climate models for different emission scenarios to determine the potential temperature range. This 

potential temperature range is used by the Royal Netherlands Meteorological Institute (KNMI) to 

develop climate scenarios for the Netherlands, such as the KNMI’06 scenarios describing possible 

futures for the climate in the Netherlands. An uncertainty method related to scenario analysis is the 

decision tree. A decision tree is a structured graph that shows the hierarchical dependencies of 

possible outcomes (Beven 2009). The Info-Gap method explores different simulations with increasing 

uncertainty of parameters to examine the performance of strategies in relation to the uncertain 

parameters ((Ben-Haim 2001, 2006); cf. (Hall and Harvey 2009) for water management examples). 

Robust Decision making (Lempert et al. 2006; Lempert et al. 2003) and Exploratory Modelling 

(Agusdinata 2008; Bankes 1993) use modelled effects of strategies for different plausible uncertain 

input parameters and interpret this as an instance of traditional Bayesian decision analysis. By 

carrying out a large number of simulations, the performance of a strategy under this huge range of 

uncertainties can be determined, to estimate its robustness and to identify conditions under which 

the strategy would fail (i.e., the ‘vulnerabilities’ of the strategy). Rotmans and De Vries (1997), 

Hoekstra (1998), and Middelkoop et al. (2004) used the Perspectives Model, based on cultural 

theory, to explicitly consider uncertainties about the future resulting from differing perceptions of 

values and objectives. These studies allowed identification of mismatches between the ‘world view’ 

of society and water management and the management strategies being used. Indeed, such shifts in 

societal perceptions of flood risk, ecological values, and cultural awareness have in the past led to 

changes in river management. Examples are river rehabilitation projects undertaken along several 

European rivers (see, e.g., (Buijse et al. 2003)). Perspectives can also be used to describe the different 

weights placed on the outcomes of the results by different (future) stakeholders (Offermans et al. 

2009). 

Approaches to deal with Level 4 uncertainty 

In this level, it is recognized that there are things that we do not know, but that can have large 

impacts on decisions and the effectiveness of decisions. Thinking about possible surprising events can 

influence our thinking about the current and future system, and thus influence our decisions. 

Although some events have a short-term impact, the memory from such events can last for a long 

time. Level 4 uncertainties pertain not only to events in the water system, but also to events in the 

social system, such as the credit crunch. 

Approaches for dealing with Level 4 uncertainties assume a dynamic future. Instead of assuming a 

static future (or a future at a given point in time), these approaches include pathways towards an 

end point, and consider the possibility that unexpected events may drastically change such 

pathways, or may even change societal perspectives on what is considered to be the desired end-

point situation (Haasnoot et al. 2009, submitted). Adaptive policies that depend on the evolution of 

the pathway are one way of dealing with these uncertainties. Thus the end-point is not only 

determined by what is known or anticipated at present, but also by what will be learned as the future 

unfolds (Yohe, 1990).This approach assumes that we learn, adapt, and change. Natural variability has 
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a large influence on these dynamics. An experiment with transient scenarios (time-series) has shown 

that climate variability may be at least as important for decision-making as climate change, especially 

for the mid to long term (Haasnoot et al. submitted). 

Broadly speaking, although there are differences in definitions, and ambiguities in meanings, the 

literature offers three (overlapping, not mutually exclusive) strategies for dealing with Level 4 

uncertainties in making policies (see, for example, (Leusink and Zanting 2009)): 

Resistance: plan for the worst possible (predicted) case or future situation. 

Resilience: whatever happens in the future, make sure that you have a policy that will result in the 

system recovering quickly. 

Adaptive robustness: prepare to change the policy, in case conditions change. (BMLFUW 2013) sees 

robustness as measures that unfold an advantage independent of climate change (“win-win”) or 

entail no disadvantage in case actual climate change does not correspond to projections (“no 

regret”). 

The first approach is still based on predictions, is likely to be very costly and might not produce a 

policy that works well, because of surprises. Furthermore, the policy may not be flexible, and it is 

probably difficult to hold on to this approach the longer no unexpected event happens. The second 

approach accepts short-term pain (negative system performance), but focuses on recovery. In case of 

a large frequency of events, it may be possible that the total damage is large or there is not enough 

time to recover. The third approach appears to be the most appropriate strategy for dealing with 

Level 4 uncertainties, since it includes the dynamics of the future in which the strategy will be 

adapted to changes and/or new insights. 
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3. How to cope with climate change? 

3.1   Tipping points 

Testing of measures or strategies against scenarios can be done in various ways. One recent 

developed method is by using so-called Adaptation Tipping Points. 

The Earth’s climate system is complex and non-linear, including certain regimes and processes that 

are particularly sensitive to climatic changes. These so-called “tipping points” could be disrupted by 

climate change in a way that they exceed a certain temperature threshold and subsequently “tip” 

into a fundamentally different state. An irreversible process that human actions could neither halt 

nor mitigate would be set into motion, accelerating the greenhouse effect. In addition, many of these 

processes are self-reinforcing, and therefore the effects are even more difficult to predict (Formayer 

2009, Germanwatch 2010). 

Tipping points are defined as points where the magnitude of change due to for instance climate 

change or sea level rise is such that the current management strategy will no longer be able to meet 

its objectives. This gives information on whether and when a strategy may fail and other strategies 

are needed (Kwadijk et al. 2010).  

 

Figure 40. Classical top down approach (left) and adaptation tipping point approach (right) (source: 

Kwadijk et al. 2010) 
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The Adaptation Tipping Points approach differs from the classical top-down approach and contains 

elements from a vulnerable bottom-up approach. In the classical top-down approach to climate 

adaptation (see Figure 4; left panel), the underlying question is: ‘What if climate changes or sea level 

rises according to a particular scenario?’ This is followed by analysing the cause-effect chain from 

pressures to impact (the PSIR concept). If the impact is such that policy objectives are not achieved, 

adaptation measures are defined to overcome this problem. Then the chain is analysed again, 

answering the question: ‘What if this particular scenario becomes reality and we implement measure 

x, are the objectives achieved then?’  

In the Adaptation Tipping Points (bottom-up) approach (see Figure 4; right panel) the underlying 

question is: ‘How much climate change and sea level rise can the current strategy cope with?’, and 

the analysis starts at the other end of the cause-effect chain. Policy objectives for different sectors 

and areas are taken as a starting point. Then, the current measures to achieve these objectives are 

described. This is followed by a sensitivity analysis to determine the optimal and critical boundary 

conditions (state). The state of the water system described in terms of relevant boundary conditions 

can then be related to pressures in terms of climate and sea level. 

One of the first studies using tipping points was the Thames Estuary 2100 pilot, in which various 

options for flood risk were compared. It included an assessment of the useful life of existing defences 

such as the Thames Barrier) as well as an understanding of the drivers of change in the estuary, 

including climate change, urban development, social pressures and the environment. Figure 11 

shows a number of strategies in relation to projected sea level rise.  

 

Figure 11 Example of tipping points for the Thames Estuary (Source: Environment Agency, 2009) 

Interestingly, Kwadijk et al, (2010) do not expect major Adaptation Tipping Points for the dikes along 

the tidal river area in the Netherlands from a technical and financial point of view. Dike 

reinforcements and innovations must be able to cope with more severe hydraulic boundary 

conditions; expenses will grow, but remain feasible. Potential Adaptation Tipping Points might arise 

on the social and political level. For example, the social acceptability of living behind giant dikes 

might decline, and increasing spatial claims of ever larger dikes might invoke innovations in 

governance arrangements. However, an Adaptation Tipping Point is expected for the Maeslant 
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Barrier which protects the harbour of Rotterdam: the maximum sea level rise the barrier has been 

designed for is 50 cm.  

3.2   Robust Decision Making 

Another way of testing is using exploratory modelling and robust decision making (RDM) techniques. 

RDM identifies robust strategies, being ones that perform relatively well, compared to the 

alternatives, across a wide range of plausible future states of the world. RDM uses computer 

simulation models, not to predict the future, but to create large ensembles of hundreds to millions of 

plausible future states that are used to identify candidate robust strategies and systematically assess 

their performance (Groves and Lempert 2007).  

3.3   Adaptation pathways 

History shows that some types of flood protection works, such as big reservoir dams, cannot easily be 

changed or adapted to new conditions. This is what we call path dependency: the extent to which a 

policy action is limited by actions implemented in the past or by actions planned anterior in the 

pathway. Learning from the past and knowing that we cannot predict the future this leads us to the 

ambition to avoid such lock-ins. One way to do this is to use adaptation pathways: i.e. a sequence of 

policy actions over time that is able to achieve a set of objectives (Haasnoot 2013).  

When formulating such adaptation pathways a picture emerges which shows tipping points, dead 

ends and ‘transfer stations’ (see figure 12). Which pathway to follow depends on several factors, 

such as the cost of a strategy or action, but also the cost of shifting to another strategy once a tipping 

point has been reached. For instance, it seems robust to follow Action A in the example since this 

does perform well over the next hundred years, but it may also be an expensive one. Perhaps it is 

better to go for Action C if it is cheaper and then shift to another strategy later, if necessary at all.   

 

Figure 12 Principle of adaptation pathways (Source: Haasnoot, 2013) 
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For dealing with uncertainties about the future, robust and flexible actions are important ingredients 

of a long-term water management plan. Robust actions result in acceptable performance under a 

wide variety of futures. Flexible actions can be adapted, abandoned or extended at low cost or with 

small societal impact. Flexible actions do not result in lock-ins and have little influence on potential 

future options. 

In 2001, a French law created the ONERC, a National Observatory for the Impacts of Global 

Warming in charge of collecting and disseminating information about the risks induced by “global 

warming”, of issuing recommendations, and of international contacts, including with the IPCC). It is 

now a department belonging to the French Ministry for Ecology, Energy and Sustainable 

Development. 

Along with natural risks, the other topics of interest are water resources, biodiversity, health, 

agriculture, forest, energy, tourism, infrastructures and transport, insurance… 

The ONERC writes reports to the Prime Ministry and the government, which are public documents:  

• 2005 report on the national adaptation strategy to the climate change, which led to the 

2006 National Plan for Adaptation to Climate Change (PNACC) 

• 2007 report on the sanitary risk 

• 2009 report: “Climate change: costs of impacts and lines of adaptation” (in English: 

http://www.developpement-durable.gouv.fr/IMG/pdf/rapport_onerc_3_ENG_vf_2.pdf) 

• 2010: cities and adaptation. 

 

The 2006 National Plan for Adaptation to Climate Change and its 2013 synthesis: 

The 2006 National Strategy states that adaptation aims at reducing the vulnerability to the 

consequences of climate change, and defines 4 major objectives: 

• protect people and goods, act for safety and public health;  

• take social aspects into account and avoid inequity in relation to risk; 

• limit the costs and take advantage of the opportunities; 

• promote conservation of natural heritage. 

The main principles governing this plans are equity, anticipation, and research of sustainable 

solutions (avoid a system where subsidies or insurance money would delay the need for action). 

Its most recent synthesis, in 2013, describes in one page the actions of natural risk: 

• Key measure: set up a structure to collect, analyse and disseminate data on sea levels in 

order to monitor and understand the long-term sea level modifications; 

• Action 1: Increase knowledge about hazards (present-state diagnosis and future 

projections), stakes and methods in the vulnerable areas;  

• Action  2: Promote observation and disseminate collected data; 

• Action 3: Generalize forecasting and warning systems, promote systematic feed-back 

analyses; 

• Action 4: Take into account climate change consequences on natural risks in land 

development planning; 
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• Action 5: Promote vulnerability reduction, resilience and adaptation to climate change 

(methodological studies). 

The 2013 synthesis admits that there is no clear signal of change in floods caused by river outflows, 

but strongly focuses on the consequences of sea level rise. 

The 2009 report: “ Climate change: costs of impacts and lines of adaptation” 

The 2009 report was written by an inter ministerial group under the name “Impacts of climate 

change, adaptation and associated costs in France”, as a first evaluation of the damage and 

assessment the measures that will allow the cost of impacts to be limited. It states that “It must be 

considered as a stage in an ambitious public action gauging process: it leads to temporary results 

that remain open to discussion, for development in later stages. 

(…)  At this stage, the thematic works have not been designed to be exhaustive: only certain impacts 

have been assessed in a quantitative fashion.” 

Among the hypotheses selected for this study, let us note: 

• Climate change scenarios: IPCC A2 and B2 scenarios, in accordance with the simulations 

created by CNRM/Météo-France using the Arpège-Climate model. A2 is a rather pessimistic 

scenario, B2 an optimistic scenario: these two scenarios are generally those adopted in 

climate change impact analysis; 

• Socio-economic scenario: “constant economy“; “the choice of the current French socio-

economic situation allows the impact of climate change to be isolated from that of other 

developments”. “Nevertheless, this choice remains restrictive and limiting for some sectors, 

for which a socioeconomic change is already anticipated or for which these changes 

constitute a determining factor in the vulnerability to climate change.”. 

• Scope and results: the study is not exhaustive (only a limited number of sectors studied and 

within these only a selection of climate change impacts). The estimated costs must be 

considered as rough estimates, due to the limits of the methodologies used and the non-

exhaustive nature of the evaluations carried out. 

Consequences on floods were assessed on several catchments with peak flood increase 

scenarios from +5% to +50% depending on the regions. The conclusions were “Under these 

hypotheses, we can conclude that damage development is not significant for the 

Seine, the Rhône and the mid-Loire; and is very severe for the Meuse and the Orb. 

These estimates must, however, by interpreted with caution.” 

Floods Directive implementation with respect to the National Plan for Adaptation  

The National Plan for Adaptation to Climate Change Plan takes into account the flood risk within the 

topic on natural risks, and sometimes mentions the Floods Directive: 

Action 1: Increase knowledge about hazards: 

Measure 1.1. Consolidate the knowledge about extreme sea surges 

Measure 1.3. Consolidate the flood risk  assessment and assess the effects of climate change on the 

main river basins 
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Measure 1.4. Make a list of the measures for flood prevention and develop a tool for decision-

making  (multi-criteria analysis) 

 

Action 2: Promote observation and disseminate collected data: 

Measure 2.6 Flood risk mapping in the areas with potential significant flood risks, within the Floods 

Directive Implementation  

Measure 2.7 Think about long-term survey of flood and inundation hazard  

 

Action 3: Generalise forecasting and warning systems, promote systematic feedback analyses: 

Measure 3.2 Set up a forecast and warning systems on sea surges 

Measure 3.3 Develop a rationale for feedback analysis 

Action 4: Take into account climate change consequences on natural risks in land development 

planning: 

Measure 4.1 Take climate change into account in land development planning 

Measure 4.4 and 4.5 Explicit how future legal documents (PPR documents in France) should take 

climate change into account, for Flood Hazard and sea level  

Measure 4.5 The local strategies as defined by the Floods Directive must include a study of 

adaptation to climate change  

 

However, in the first cycle of Floods Directive Implementation, the “circulaires”, legal documents 

who define the modalities of implementation state that: 

• 2012/07/16 circulaire about flood mapping: Climate change scenarios are only taken into 

consideration for coastal hazards  for coastal floods by sea and as downstream condition 

for coastal rivers, for T=100years. The scenario is a sea level rise of + 60 cm in year 2100, 

which is called a “pessimistic assumption”. It is also stated that “Low probability scenario 

comprises a safety coefficient for uncertainty, including climate effect”. 

• 2013/08/14 circulaire about management plans: confirmation of the 4th scenario taking into 

account sea level rise in the APSFR; no other mention of climate change. 

 

Table 4: the French National Observatory for the Impacts of Global Warming, the National Plan for 

Adaptation and the Floods Directive Implementation 
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4. Evaluation 

 

Evaluation of the impact of climate change on the flood risk can take several forms: 

• Detection of trends in observed flow data. 

• Flood regime scenarios derived from rainfall regime scenarios using a rainfall-runoff model, 

knowing that the rainfall scenarios are themselves derived from climate projections (see 

paragraph 2.3). 

Besides, several variables are susceptible to change and could be studied, depending on the objective 

of the study: the mean value, the min and max and their seasonal patterns, the variability etc. 

Trend analysis 

Giuntoli et al. (in Kundzewic, 2012) analysed the discharges series at 209 gauging stations with no 

anthropic influence and with at least 40 years or continuous measurement. They conclude that at-

site analysis is not significant, whereas regional analysis gives consistency and show a different 

response in the North and South halves of France. 

However they remain very prudent 

before giving any conclusion: 

detecting a trend is one thing, 

attributing the trend to a cause is 

another step. They point out that 

multi-decadal climatic variability 

could also account for the small 

changes detected. 

 

 

Figure 13. High flow indices, Giuntoli et al. in Kundzewicz (2012) 

Discharge scenarios derived from rainfall scenarios: 

Ongoing studies by Arnaud et al. propose to assess flood discharge modification and variability using 

Arpege rainfall scenarios and a rainfall-runoff model calibrated on the discharge gauges in France. 

In the preliminary results shown here, the variability in the estimated discharge is larger than the 

variability in the rainfall input, and the spatial variability of the increase is also high. This shows that it 

will not be an easy task to express variations in percentage, even regionally, that could become 

national norms.  
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Figure 14. Results of local and regionally consolidated trend detection analyses on annual maximum 

stream flow Giuntoli et al. in Kundzewicz (2012) 
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Legend : ratio arperge_a1b_ref for different return periods (2 years, 10 years, 100 years, 1000 years)
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5. Recommendations 

 

The short-term experts recommend: 

The workshop on Potential impacts of climate change on flood risks held on 15 January 2014 

assessed potential impacts of climate change on flood risks. The conclusion of the workshop was that 

it would be difficult for Croatia to already take into account the potential effects of climate change 

on flood risks in the first Flood Risk Management Plan (in 2015). To be able to do so in the second 

flood risk management plan it was recommended to establish an independent ad-hoc scientific 

advisory group to assemble the current knowledge on climate change and to develop scenarios 

describing plausible effects on Croatian hydrological regimes and to advise how the government 

could take into account these effects (if any) in the national flood risk management. It is 

recommended to the BC (CW and the Ministry of Agriculture) to jointly with DHMS prepare a 

proposal describing the tasks, formation, duration and financing of this group. The group should 

liaise with the Intersectoral Committee for the intersectoral coordination of policies and measures on 

climate adaptation and mitigation at national level, which was setup in January 2014 by the Ministry 

of Environmental and Nature Protection. 

The tasks of the scientific advisory group could be: 

• to assemble the current knowledge on climate change; 

• to investigate whether the existing climate models are generally accepted and can be used to 

develop climate scenarios. If this is not the case it is a good possibility to use the current IPCC 

models and downscale these to an appropriate geographic scale; 

• to develop scenarios, both hydro-meteorological as well as socio-economic scenarios and 

combine these; 

• to predict and describe plausible effects on Croatian hydrological regimes, using the 

developed scenarios; 

• and to advise how the government could take into account these effects (if any) in the 

national flood risk management. 

It is further recommended to develop cooperation mechanisms to make a strong connection 

between the Basin Management Plan and the Flood Risk Management Plan to deal with adaptation 

to climate change.  
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Annex 1 – Lessons learned 

 

Drafting group for the collection of good practices and lessons learned on climate change adaptation 

in basins  

First meeting Geneva, 9 and 10 December 2013 

Item 3 of the provisional agenda 

 

COLLECTION OF LESSONS LEARNED AND GOOD PRACTICES ON WATER AND ADAPTATION TO 

CLIMATE CHANGE IN TRANSBOUNDARY BASINS 

 

DRAFT OVERVIEW  

Introduction  

The collection of lessons learned and good practices, to be published by 2015, will include a 

compilation, analysis and synthesis of existing knowledge, experience, lessons learned and good 

practices on climate change adaptation in basins, in particular in transboundary ones. 

This document provides some suggestions for possible lessons learned which could serve as the basis 

for the eventual publication. It aims to facilitate the discussions during the first meeting of the 

Drafting Group on 9-10 December 2013, but requires further elaboration and revision. It should be 

read together with the concept note for the preparation of lessons learned (see 

ECE/MP.WAT/WG.1/2013/3) as well as the draft template for good practices. Each lesson learned 

will be accompanied by explanatory text as well as good practices demonstrating how it can be 

applied. 

Proposed definitions (for discussion)  

A lesson learned is a recommendation about a certain concept or approach that has proven to be 

beneficial or effective as derived from practical experience. 

A good practice is a case situation in which certain concept(s) or approach(es) proved to be 

beneficial or effective and where adaptive capacity has been increased. 

The members of the drafting group are invited to: 

- Review and discuss the definitions mentioned above and the overall approach 

- Discuss the lessons learned proposed in this document, including their overall structure, how 

to group and combine them as well as which additional ones to add.  
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Overview of possible lessons learned  

Introduction on why transboundary cooperation is important in climate change adaptation 

1. General organisation  

 

1.1. Institutional arrangements (formal and informal)  

1.1.1.  Demonstrate the importance and usefulness of basin-wide adaptation: How to do 

this depends on the situation in the basin: if there is a joint body and joint basin 

management, a mandate can be given by a governing body, e.g. by the ministerial 

conference  

1.1.2.  An institutional structure, ideally a permanent joint body, is important to ensure 

cooperation between riparian countries in climate change adaptation. Existing joint 

bodies should have/ get the mandate to deal with adaptation. 

1.1.3.  Build transboundary teams among scientists, administrative authorities, experts to 

enable unique/joint/consensual assessments and sharing of the work.  

 

A joint group to harmonise the tools, the methods, the models and scenarios to be used is a 

good way for preparing a basin-wide vulnerability assessment and adaptation in general. 

Such groups should include representatives of all riparian countries as well as different 

regions and sectors of basin-wide relevance. A proper exchange of information between the 

countries is imperative for this. A baseline study and stakeholder analysis can help to identify 

persons to be involved. 

 

1.1.4.  Ensure that each adaptation policy considers climate change as one of many 

anthropogenic pressures on water resources. 

1.1.5.  Involve decision makers in the adaptation process (from the beginning) to ensure 

that research is connected with policy making and that research corresponds to the 

needs of decision makers and is accepted by them. 

1.1.6.  Each adaptation project, in particular in a transboundary basin, should start with a 

thorough baseline study identifying ongoing adaptation projects, strategies, laws and 

policies in the riparian countries 

 

1.2. Apply IWRM principles  

 

1.2.1.  Transparency and openness are important values, when working together in a 

transboundary basin: transparency in methods used, transparency on uncertainties, on 

interests etc. 

1.2.2.  Stakeholder participation is crucial for all steps of the development and 

implementation of adaptation strategies and measures. Interest of civil society needs 

to be developed for this. 
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1.2.3.  The ecosystem approach should be incorporated into adaptation strategies. 

Ecosystem-based adaptation is particularly relevant in (transboundary) basins which 

can be considered as one ecosystem and since ecosystem-based adaptation measures 

can have positive effects for the entire basin. 

 

The ecosystem approach is often relatively cheap and cost-effective. Increasing ecosystems 

resilience can be done by including the ecosystem as ‘water user’ through environmental 

flows. Healthy freshwater ecosystems often have high natural resilience, can resist extreme 

events, and a transition into new ecological conditions can take place. “Hard” water 

infrastructure usually restricts or eliminates some of this natural resilience. Soft or “green” 

infrastructure to manage water can help combine control of water resources, restore flow 

regimes, and rebuild natural climate resilience. Ecosystem-based adaptation has positive 

effects in addition to the direct effect on adaptation, such as improving the livelihoods of 

people. 

 

1.2.4.  The strategy should ensure synergies and linkages between adaptation actions at 

different government levels (local, national, regional, transboundary) and different 

(economic) sectors.  

 

2. Information and data needed  

 

2.1. Ensure to collect the appropriate and needed data and information from the entire basin 

(local knowledge, data for building scenarios, elaboration of knowledge base on expected 

future changes). In situations where not all data are available incomplete data, alternative 

sources (such as sometimes satellite data) or expert opinion can be used instead. Build a 

database with the information collected  

2.2. Use international available knowledge and information, like the IPCC knowledge at basin 

scale through down-scaling. 

2.3. To deal with the uncertainties of the data and information about climate change, an 

adaptive approach towards implementing measures is needed. 

2.4. Sharing of information and data in a transboundary basin is imperative. This can be done at 

small scale at the beginning and then at a larger scale. Since countries are often reluctant to 

share data, it is important to show them “what’s in it for them”. 

2.5. Ensure transfer of knowledge from science to decision-makers and the political sphere, e.g. 

through a working group composed of decision-makers and scientists. 

 

3. Vulnerability and impact assessments 
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3.1. A common understanding between the riparian countries is needed of the concepts of 

vulnerability and impact and uncertainties related to climate change. Joint assessment of 

problems, priorities and solutions is crucial in (transboundary) basins. 

3.2. Cooperation of neighbouring countries in scenario- and model elaboration and data 

exchange can help to use a wider range of models and scenarios and achieve higher 

credibility of predictions thanks to more data. 

3.3. The use of models and the scenario development should be harmonised. To this end, 

national models can be linked together and compared. Ideally, basin-wide models and 

scenarios should be created. 

3.4. Mechanisms for regularly updating the assessments, the scenarios of changes, and the 

implication on water resources should be established in order to ensure flexible adaptation. 

3.5. Elaborating a vulnerability assessment should be combined with some concrete  actions on 

the ground increasing adaptive capacity, e.g. low or no-regret measures for example for 

floods of droughts  

 

4. Developing and prioritizing adaptation measures  

 

4.1. Environmental Impact Assessment (EIA) and Strategic Environmental Assessment (SEA) can 

provide an institutional and legal basis for climate change adaptation.  

4.2. Develop a mix of structural and non-structural measures. 

4.3. Prioritise the adaptation measures, based on the vulnerability assessment and cost-benefit 

analysis as well as other decision-making tools such as the AGWA Decision Support System 

and other similar tools. Such tools and their results should be sufficiently simplified for 

policy-makers in a short document  

4.4. Involve other sectors for definition of adaptation priorities e.g. through multi-stakeholder 

workshops; look for synergies with the Adaptation plans of other sectors (energy, agriculture, 

etc.)  

4.5. Assess the economic, environmental and social costs and benefits of different adaptation 

options  

4.6. Consider linkages and integration with adaptation efforts at other levels, mainly the national 

level: Assess the potential transboundary effects of national and lower-level adaptation 

options. Mainstream transboundary adaptation measures e.g. in national climate change 

strategies etc. Also share information on national adaptation strategies and their 

implementation in the process of developing an adaptation strategy 

4.7. Consider which issues need to be addressed at the transboundary/ basin-wide level: e.g. 

agriculture, ecosystems, infrastructure- and which issues, in contrast, do not require basin-

wide coordination or action. 

4.8. Implement concrete (low or no-regret) adaptation measures while continuing to do 

research 

 

5. Financial and economic matters  
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5.1. If possible, perform an approximate economic evaluation of the climate change impact on 

water resources in the basin in order to convince decision-makers about the need to act. 

5.2. Integrate the cost / benefit analysis and the financial mechanisms linked to the decision 

process. 

5.3. Consider economic instruments and financial mechanisms to address the risks and the 

uncertainties.  

5.4. Ensure financing of the adaptation plan through a mix of public & private funds.   

5.5. In a transboundary basin, it can be more beneficial to locate adaptation measures in 

another part of the basin and share costs therefore 

 

6. Evaluation of adaptation strategies  

 

7. Capacity development   

 

7.1. Identify the need for capacity development, particularly in non-water areas, like planning, 

uncertainty management, forecasting, scenario development, etc. at the basin level 

7.2. Exchange knowledge and experience on adaptation activities to learn and build capacities. 

 

8. Communication  and stakeholder involvement 

 

8.1. Stakeholder participation supports development of measures that take account of the local 

conditions. 

8.2. Develop an effective communication on the adaptation to climate change and the related 

uncertainties. 

 

Proper communication is a means to translate technical/scientific vulnerability/impact assessment 

towards institutional governmental changes. 

 

8.3. Use education to raise awareness on the need of adaptation. 

8.4. Involve local communities at the border. 
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Annex 2 – List of abbreviations on Twinning project “Floods” 

 

ENGLISH CROATIAN 

Act.  activity  aktivnost 

AHN Actueel Hoogtebestand 

Nederland (The Up-to-date Height 

Model of The Netherlands) 

 Digitalni model reljefa 

Nizozemske  

APSFR Areas with Potential Significant 

Flood Risk 

 Područja s potencijalno značajnim 

rizikom od poplava 

ASCII American Standard Code for 

Information Interchange 

ASCII Američki standardni znakovnik za 

razmjenu informacija 

AT Austria AT Austrija 

BC Beneficiary Country  Zemlja korisnica 

CEA Croatian Environment Agency AZO Agencija za zaštitu okoliša 

 Bosnia & Herzegovina BIH Bosna i Hercegovina 

CETE 

Méditerranée 

Le Centre d'Études Techniques de 

l'Équipement (The Technical 

Study and Engineering Centre) 

 Centar za tehničke studije i 

inženjering (Francuska) 

CL Component Leader  Voditelj projektne komponente  

CLC Corine Land Cover  Corine baza podataka   

CRO Croatia HR Hrvatska  

CW Croatian Waters HV Hrvatske vode 

dbf DataBase File dbf DataBase File 

DEM Digital Elevation Model DMR Digitalni model reljefa 

DGPS Differential Global Positioning 

System 

DGPS Diferencijalni globalni pozicijski 

sustav 

DLG Dienst Landelijk Gebied (Dutch 

Government Service for Land and 

 Državna služba za upravljanje 

zemljištem i vodama 
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Water Management) (Nizozemska) 

DSM Digital Surface Model  Digitalni model površine 

DTAP Development, Testing, 

Acceptance and Production  

 Razvoj, Testiranje, Prihvaćanje i 

Proizvodnja 

DTM Digital Terrain Model DMR Digitalni model reljefa 

DWG DraWinG (a file format) DWG DraWinG  

EC European Commission EK Europska komisija 

ETRS European Terrestrial Reference 

System 

ETRS Europski terestrički referentni 

sustav 

EU European Union EU Europska unija 

EUD European Union Delegation  Delegacija Europske unije 

FD Floods Directive  Direktiva o poplavama 

FR France FR Francuska 

FRM Flood Risk Management  Upravljanje poplavnim rizicima 

FRMP Flood Risk Management Plan  Plan upravljanja poplavnim 

rizicima 

FTP File Transfer Protocol FTP FTP protokol 

GDB Geodatabase  Geografska baza podataka 

GIS Geographic Information System GIS Geografski informacijski sustav 

HEC Hydrologic Engineering Centre  Hidrološki inženjerski centar 

HEC-RAS Hydrologic Engineering Centre 

River Analysis System 

HEC-RAS HEC-RAS (računalni sustav) 

HEP HEP (Group), Croatian national 

electricity company  

HEP Hrvatska elektroprivreda 

HIC Hydrographic Institute of the 

Republic of Croatia 

HHI Hrvatski hidrografski institut 

 Croatian Terrestrial Reference 

System 

HTRS Hrvatski terestrički referentni 

sustav 
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HQ headquarters  središnjica 

ICT Information and Communications 

Technology 

IKT Informacijsko-komunikacijska 

tehnologija 

IIS Internet Information Services  Internet Information Services 

(web server aplikacija) 

IPA Instrument for Pre-Accession 

Assistance 

IPA Instrument za pretpristupnu 

pomoć 

IPPC Integrated pollution prevention 

and control 

 Integrirano sprječavanje i 

kontrola onečišćenja 

JPL Junior Project Leader  Mlađi voditelj projekta 

MHSC Meteorological and Hydrological 

Service of Croatia 

DHMZ Državni hidrometeorološki zavod 

MoA Ministry of Agriculture  Ministarstvo poljoprivrede 

MoSCoW Must/Should/Could/Would  MoSCoW sistem 

MS Member State  država članica (EU) 

NGO Non-governmental organisation NVO Nevladina organizacija/udruga 

NL The Netherlands NL Nizozemska  

NPRD National Protection and Rescue 

Directorate 

DUZS Državna uprava za zaštitu i 

spašavanje 

PA Pilot area  Pilot područje 

PFRA Preliminary Flood Risk 

Assessment 

 Prethodna procjena razine rizika 

od poplava 

PIP Project Implementation Plan  Plan provedbe projekta 

PL Project Leader  Voditelj projekta 

PPT PowerPoint PP PowerPoint 

RBD River Basin District  Vodno područje 

RBMP River Basin Management Plan  Plan upravljanja vodnim 

područjima 
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QA Quality Assurance  Osiguranje kvalitete 

QR Quarterly Report  Kvartalno izvješće 

QS Quality Standards  Standardi kvalitete 

RTA Resident Twinning Advisor  Dugoročni savjetnik za Twinning 

RTAA Resident Twinning Advisor 

Assistant 

 Pomoćnik Dugoročnog savjetnika 

za Twinning 

RTAI/T Resident Twinning Advisor 

Interpreter/Translator 

 Prevoditelj/Tumač Dugoročnog 

savjetnika za Twinning 

SGA State Geodetic Administration DGU Državna geodetska uprava 

SQL Structured Query Language SQL Structured Query Language 

STE Short Term Expert  Kratkoročni stručnjak na projektu 

TIN Triangulated Irregular Network   Triangulirana nepravilna mreža 

TNA Training Needs Analysis  Analiza potreba za obukom 

ToR Terms of Reference  Opis poslova / projektni zadatak  

 Polytechnic of Zagreb TVZ Tehničko veleučilište u Zagrebu 

TP Testing, Production   Testiranje, Proizvodnja 

TW Twinning TW Twinning 

WFD Water Framework Directive  Okvirna direktiva o vodama 

WISE Water Information System for 

Europe 

WISE Europski informacijski sustav za 

vode i more 

WMD Water Management Department VGO Vodnogospodarski odjel 

WMI Water Management Institute  Zavod za vodno gospodarstvo 

 


