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List of Abbreviations
	APSFR
	Area of Potential Significant Flood Risk

	Art.
	Article

	BEAM
	Basic European Assets Map

	CCAWB
	The project ‘Climate Change Adaptation in Transboundary Flood Risk Management for the Western Balkans’ was funded by the German government and implemented by GIZ.

	CDD
	Consecutive Dry Days

	c
	Co-ORdinated INformation on the Environment

	CWD
	Continuous Wet Days

	DEM
	Digital Elevation Model

	DTM
	Digital Terrain Model

	EBU-POM
	A fully coupled atmospheric-ocean regional climate model used for dynamical downscaling

	EC
	European Commission

	EU
	European Union

	FD
	EU Floods Directive (2007/60/EC)

	FRMP
	Flood Risk Management Plan

	GEV
	Generalized Extreme Value 

	GIS
	Geographic Information System

	GIZ
	German Development Agency - Deutsche Gesellschaft für Internationale Zusammenarbeit

	ha
	Hectare

	HEC-RAS
	Hydrologic Engineering Center River Analysis System developed by the United States Army Corps of Engineers

	HQ10
	Refers to a 10-year flood which a 1/10 or 10% chance of being exceeded in any one year.

	HQ100
	Refers to a 100-year flood which a 1/100 or 1% chance of being exceeded in any one year.

	HQ500
	Refers to a 500-year flood which a 1/500 or 0.2% chance of being exceeded in any one year.

	HS
	Hydrological Station

	IHMS
	Institute of Hydrometeorology and Seismology of Montenegro

	In
	Natural Logarithm, loge

	km
	Kilometre

	m.a.s.l
	Height in meters above sea level

	OSM
	Open Street Map

	PFRA
	Preliminary Flood Risk Assessment

	R20mm
	Annual number of days with daily precipitation ≥ 20 mm

	R60mm
	Annual number of days with daily precipitation ≥ 60 mm

	RBD
	River Basin District

	RBMP
	River Basin Management Plan

	RX5day
	Max 5-day rainfall

	SDII
	Annual precipitation intensity

	UNESCO
	United Nations Educational, Scientific and Cultural Organization

	WFD
	EU Water Framework Directive (2000/60/EC)


EXECUTIVE SUMMARY
The transposition of requirements from the EU Floods Directive (2007/60/EC) into national legislative framework for the Preliminary Flood Risk Assessment in Montenegro has been fully achieved. The Preliminary Flood Risk Assessment (PFRA) is required to cover historical flood events and the potential for future flood events that may have a significant adverse consequence on either, human health, the environment, cultural heritage, or economic activity.
Flood-specific data such as historical flood information, geographic data, urban planning information, population statistics, economic activities, digital terrain models (DTM), hydrological and meteorological information, civil protection information and other national data is required to prepare the PFRA. This information is then used to identify the Areas of Potential Significant Flood Risk (APSFR), which are the areas that will be the priority for subsequent detailed flood risk management assessment in the flood maps and FRMP stages.

Historical hydrological data related to the recorded high (potential) flood waters on the network of hydrological stations in the Adriatic River Basin were analysed from 1952 when, following widespread flooding, water level measurements began. Five events have been registered to date with flows of a calculated return period of 100 years, with the most common high-water flows in the Adriatic basin calculated with a 10-year return period. 

Despite the fact that the historical hydrological data assessment indicates that flooding in the Adriatic basin would have occurred on multiple occasions in the past, there are no official data before 2010 detailing the extent of the inundated areas of flood waters or damage to property. 

The only information available that can be included for the PFRA relates to the historical flooding event that occurred in late 2010/early 2011. 

Notwithstanding the lack of detailed data to document historical flood events, the data from late 2010/early 2011 proved invaluable for the Preliminary Flood Risk Assessment. Flood events were recorded within 8 municipalities during late 2010/early 2011. The available (recorded) data included the areas of inundation caused by flood waters, the number of persons affected, damage to residential properties, damage to agricultural and industrial facilities together with a record of the damage to cultural assets in the area. The recorded data thereby allow for the determination of the significance of the potential risks in relation to human health, environmental and cultural criteria at each location of recorded flooding. 

For the purpose of producing the PFRA, the available data from 11 selected existing and historical hydrological stations in the Adriatic River Basin was used to calculate the probability of return periods of 10, 100 and 500 years. The results were calibrated based on the 2010 flood data, which are considered to be the largest floods recorded. A comparison was also made with the results obtained through the German funded and GIZ implemented project, ‘Climate Change Adaptation in Transboundary Flood Risk Management for the Western Balkans’ and it was concluded that the results matched. 
During the assessment, the expected impacts of climate change were considered by applying one extreme flood scenario (extreme flood recovery period ≥ 500 years), which included all proven or known, or estimated future impacts, including climate change impacts. The impacts of climate change on the identification of areas with potentially significant flood risk are fully covered by working on scenarios of extreme flood events. With respect to future flooding, in general, it can be concluded that flood events will be both more frequent and more intense, as a consequence of climate change. Thus, although the reduction of total annual precipitation in most parts of the Adriatic River Basin is expected, in the future, short heavy rainfall, often combined with snowmelt and soil saturation, is expected to cause a higher risk of torrential floods caused by an increase in surface runoff. 
Based on the analysis of all the above data, 6  APSFR in the Adriatic basin area were defined and represented in GIS format. These included areas in the following areas: the area of the small basin of the river Zeta (2), the area of the small basin of the river Morača/Skadar Lake (1), the area of the small basin of the Skadar Lake Sub-Basin (2, including one directly from groundwater - Cetinje) and the area of the small basin of the river Bojana River (1). 
A further area that can be considered as an APSFR is the Sutorina River, a transboundary watercourse with Croatia identified as an endangered area within the analysis of historical floods. Although this area can be identified as an APSFR, the APSFR is not defined since there are no hydrological data available in this area and therefore the return periods and the extent of flooding cannot be calculated. 

Unfortunately, the small and torrential coastal watercourses and canals are not in the network of hydrological monitoring at the state level. Thus, due to the lack of hydrological data, not all of the necessary parameters for defining the potential areas of increased flood risk can be considered. The importance of flood management on the torrents of the Montenegrin coast certainly deserves appropriate attention, and in the future, it must be the subject of consideration of the manner and conditions of formation of hydrological monitoring on selected watercourses. The Consultant has identified locations in the Municipalities of Bar, Budva, Herceg Novi and Kotor where hydrological stations are required to be installed to define the extent of flooding to the coastal regions. 
1 OVERALL OBJECTIVE, PURPOSE AND SCOPE
Montenegro has defined its territories for the purposes of River Basin management in accordance with the EU Water Framework Directive (WFD, 2000/60/EC), within 2 River Basin districts (RBDs) (Adriatic River Basin District’ and the Danube ‘River Basin District’). The country must therefore produce 2 Flood Risk Management Plans (FRMPs), which are harmonized, in accordance with Article 9 of the EU Flood Directive (FD, 2007/60/EC) with its 2 River Basin Management Plans (RBMPs) prepared under the EU WFD.  

The process by which FRMPs are prepared is prescribed both in the EU FD and in Montenegro’s Law on Water. Regulation No. 069/15 of 14 December 2015 defines the specific requirements of the Floods Directive related to the preparation of the FRMPs into Montenegrin law (Montenegro’s Floods Regulation No. 069/15). 

In short, the EU FD requires 3 distinct preparatory stages which are:
· Stage 1. Preliminary Flood Risk Assessment

Article 4 of the EU FD requires a Preliminary Flood Risk Assessment (PFRA) for each River Basin districts. In the PFRA, areas which have the most significant flood risk or potential flood risk, known as Areas of Potentially Significant Flood Risk (APSFR) are identified. These areas then become the focus for more detailed mapping and planning in the next two stages.

 

· Stage 2.  Flood Hazard and Risk Mapping 

Article 6 of the EU FD requires the preparation of Flood Hazard and Flood Risk Maps for all APSFR identified in Stage 1.

· Stage 3.  The Flood Risk Management Planning 

Article 7 of the EU FD requires the preparation of FRMPs for each River Basin district that will include inter-alia a programme of measures that will be undertaken to address the flood risks.

This report is focussed on Stage 1, which encompasses the analysis of existing flood infrastructure in the Adriatic River Basin, together with the preparation of the preliminary flood risk assessment and the proposal for APSFR. 
Article 3 of the Rulebook on the Closer Content of the Preliminary Flood Risk Assessment and the Flood Risk Management Plan ("Official Gazette of Montenegro", No. 069/15 of 14.12.2015)  describes the legal requirements with respect to the content of the preliminary flood risk assessment.  Table 1.1 shows the content of the PFRA in relation to the legal national requirements. 
Table 1.1. Content of the PRFA in relation to the legal national requirements
	Content Required

	Rulebook

(Article)
	PFRA

(Section)

	River Basin maps in appropriate proportion with Sub-Basin boundaries with topography and land use details
	3 (1)
	Section 3  



	Description of past flood events which had significant adverse impacts on human health, the environment, cultural heritage, and economic activity, for which it is probable to occur again in the future, considering the severity of flood events, runoff directions and assessment of adverse impacts caused by such events.
	3 (2)
	Section 4 

	Description of floods that occurred in the past in areas where significant adverse impacts can occur in the future due to changed conditions (urban development, proclamation of protected areas).
	3 (3)
	Section 4 

	Impact of climate change on occurrence of floods.
	3 (4)
	Section 5 

	Assessment of potential harmful impacts of future floods on human health, environment, cultural heritage, and economic activities, considering topography, position of water courses and their hydrological and geo-morphological characteristics, flood plains as natural retentions, efficiency of the existing flood protection facilities, position of settlements, areas of economic activities and long-term development plans, as necessary.
	3 (5)
	Section 6
 



	Conclusions on flood risks.
	3 (7)
	Section 7

	Used data (records, long-term data sets)
	3 (6)
	Annex 1 


2 legal overview
2.1 Introduction
The prime objective of this section is to provide a legal assessment of all relevant questions pertaining to transposition of the EU requirements on the preliminary flood risk assessment into national legislation in Montenegro. This section also provides an analysis of the main points of alignment of the national legislative acts with Directive 2007/60/EC on the assessment and management of flood risks, as the EU umbrella act on flood risk management.

With the aim of providing an all-encompassing legal overview, all relevant primary and secondary pieces of national legislation have been scrutinized as well as other policy papers which do not formally fall under legal acts, such as the Nation Plan of Protection and Rescue from Flooding etc. 

The main points of entry for the transposition of the applicable provisions from the Directive 2007/60/EC have been identified in accordance with the chapters of the said act. Also, the Table of Transposition Relevance has been provided as the channel of the overview of the   relevance of the concrete national acts with the specific requirements from the Directive.  

2.2 Legal and Policy Acts
· Directive 2007/60/EC of the European Parliament and of the Council of 23 October 2007 on the assessment and management of flood risks.
· Directive 96/61/EC of 24 September 1996 concerning integrated pollution prevention and control.
· Law on Waters ("Official Gazette of Montenegro", no. 32/11, 47/11 48/15, 52/16, 02/17, 80/17, 84/18).
· Rulebook on Detailed Content of the Preliminary Flood Risk Assessment and Flood Risk Management Plan ("Official Gazette of Montenegro", no. 69/15).
· Nation Plan of Protection and Rescue from Flooding, December 2019.
· Water Management Strategy, 2017.
2.3 Definition of Terms
The Directive introduces only two authentic definitions of terms:

· ’’flood’’ means the temporary covering by water of land not normally covered by water. This shall include floods from rivers, mountain torrents, Mediterranean ephemeral water courses, and floods from the sea in coastal areas, and may exclude floods from sewerage systems.
· ’’flood risk’’ means the combination of the probability of a flood event and of the potential adverse consequences for human health, the environment, cultural heritage, and economic activity associated with a flood event.

At the same time, the Directive refers to the terms ’’river’’, ’’River Basin’’, ’’Sub-Basin’ and ’’River Basin district’’ as defined in the Article 2 of Directive 2000/60/EC of 23 October 2000 establishing a framework for Community action in the field of water policy.

Both of aforementioned terms have been directly transposed into Article 5 of the Law, which prescribes the meaning of the terms. This has been achieved in the following manner: 

· Article 5, paragraph 1, subsection 49 of the Law defines flood as the temporary water cover of land, which is not normally covered by water, including floods (in the DRB) caused by rivers, torrents, occasional watercourses lakes, seawater in coastal areas and groundwater, except floods from sewage systems.
· Article 5, paragraph 1, subsection 50 of the Law defines flood risk as a combination of the probability of a flood event and the potential adverse effects of a flood event on human health, the environment, cultural heritage, and economic activities.

It is noteworthy that the Rulebook on Detailed Content of the Preliminary Flood Risk Assessment and Flood Risk Management Plan introduces additional flood related terms, such as:

· ''area significantly endangered by floods'' is an area where floods can cause significant harmful consequences for human health, the environment, cultural heritage, and economic activities.
· ''floods of low probability'' are floods from running waters with a flow of water for a return period of at least 500 years or floods from standing water with a water level for a return period of at least 500 years.
· ''floods of medium probability'' are floods from running waters with a water flow for a return period of 100 years or floods from standing waters with a water level for a return period of 100 years.
· ''floods of high probability'' are floods from running waters with a flow of water for a return period of ten years or floods from standing waters with a water level for a return period of ten years.

Overall, it may be concluded that all authentic terms from the Directive have been fully and accurately transposed into national legislation. 

2.4 Preliminary Flood Risk Assessment
Chapter 2 of the Directive, consisting of Article 4 and Article 5, deals with assessment in regard to the preliminary flood risk assessment. 

The preliminary flood risk assessment is to be performed for each River Basin district, unit of management or the portion of an international River Basin district lying within the territory of a certain state. This obligation is included in the Law through Article 95b by which preliminary flood risk assessment is to be done by the competent state authority for each water area. The Law defines water area in Article 5 (for the River Basin) as the area of ​​land, which consists of one or more adjacent River Basins, that is Sub-Basins, on the territory of Montenegro, with associated groundwater and coastal seawaters, in accordance with Article 21 of this Law, which is defined as the basic water management unit. Article 21 determines that the water areas in the Adriatic River Basin as the following:
· The water area of ​​the Adriatic Basin is a part of the international water area of ​​the Adriatic Sea on the territory of Montenegro, which includes the basins: Zeta, Morača, Skadar Lake, Bojana, Trebisnjica and watercourses of the Montenegrin coast, which flow directly into the Adriatic Sea, with the corresponding ground and surface waters.
Also, Article 95b of the Law introduces mandatory 6-year revisions period for all prepared assessment with special focus on the impact of the climate changes on potential flooding in the basin covered by any specific assessment. In this way, the flooding precautionary measures tap into the broader scope of protection from adverse effect of climate change.

Article 4 of the Directive goes on to provide through guidelines on the content of the preliminary flood risk assessment. Based on the said Article, such content should entail following:

· Maps of the River Basin district at the appropriate scale including the borders of the River Basins, Sub-Basins, and coastal areas, showing topography and land use.
· Description of the floods which have occurred in the past, and which had significant adverse impacts on human health, the environment, cultural heritage, and economic activity and for which the likelihood of similar future events is still relevant, including their flood extent and conveyance routes and an assessment of the adverse impacts they have entailed.
· Description of the significant floods which have occurred in the past, where significant adverse consequences of similar future events might be envisaged. 

In addition to the aforesaid, should specifically needs of the state require so, assessment might also include information on the potential adverse consequences of future floods for human health, the environment, cultural heritage, and economic activity. 

The stipulations on the content of the preliminary assessment have been incorporated into Rulebook on Detailed Content of the Preliminary Flood Risk Assessment and Flood Risk Management Plan. Article 3 of the said Act specifies that the assessment should include following:

· Maps of water areas in the appropriate scale, with the boundaries of Sub-Basins and maps of coastal marine areas showing the topography and land use.
· Description of floods that have occurred in the past, which have had significant adverse effects on human health, the environment, cultural heritage, and economic activities and are likely to recur in the future, considering the extent of the floods, runoff routes flood waters and an assessment of the adverse effects of the floods.
· Description of significant floods in the past in areas where due to changes in conditions (urbanization, declaring areas protected) significant damage may recur. 

· The impact of climate change on the occurrence of floods.
· Assessment of potential harmful consequences of future floods on human health, environment, cultural heritage, and economic activities, considering the topography, position of the watercourse and its hydrological and geomorphological characteristics, floodplains as natural retention areas, efficiency of existing flood defense facilities, the location of populated areas, areas of economic activity and long-term development plans, as appropriate.
· Used data (records, long-term development studies).
· Conclusions on flood risks. 

The Rulebook incorporates all three major Directive’s guidelines on the content of preliminary assessments. Also, it includes the optional guideline on the information on the potential adverse consequences of flooding. Finally, the scope of the requited information is broadened by the inclusion of data related to impact of climate change on the occurrence of floods. The Rulebook provides thorough and comprehensive guidance on the information and data that is to be included in the preliminary assessments mirroring the requirements from the Article 4 of the Directive and in some instances going even beyond them. Therefore, it can be concluded that all the stipulations on the content of the preliminary flood assessment have been successfully incorporated into national legislative framework though the provisions of the said Rulebook. 

Article 4(3) of the Directive establishes obligation of the cooperation of the states in the exchange or relevant information in the case of international River Basins. In line with that, Article 95b of the Law prescribes that when preliminary assessments are prepared for the River Basin districts which are part of an international River Basin districts, exchange of information with the countries within whose territories such basins are lying shall be provided.   

Obligation of the state, based on the preliminary assessments, to identify areas for which, potential significant flood risks is existent or might be considered likely to occur is set by the Article 5.1 of the Directive. This obligation is included in the Law though Article 95c. By the said Article the Government is to determine areas for which there are significant flood risk, or their occurrence may be considered probable by using the findings from preliminary flood risk assessments. In addition to this, Article 5.1 sets obligation of the states to coordinate their efforts in identifying areas under potential significant flood risk when it comes to international basins. This obligation is also incorporated in the Article 95c of the Law (paragraph two of the said Article) by which determining of the international River Basin areas endangered by floods, shall be done through coordinated activates with the states on whose territory parts of that River Basin district are located. Both stipulations of the Article 5, regarding the identification of the endangered areas and cooperation of the states when identifying such areas for international basins, have been adequately transposed in the national legislative framework through Article 95c of the Law.  

Given the above elaboration, it can be derived that all applicable stipulations on the preliminary flood risk assessments set by the articles comprising the Chapter 2 of the Directive have been fully and accurately transposed into relevant national legislative acts. 

In addition to this, Water Management Strategy includes the comprehensive set of measure for prevention and mitigation of risk of flooding. The Strategy introduces four areas of intervention: 

1. Flood protection from surface waters.
2. Flood protection from ground waters.
3. Regulation of water regimes and flood protection.
4. Protection against erosion and torrents.

For each of the said, operation goals are set and withing those goals set of measures aimed at achieving the goal in question. 

The Strategy was adopted in 2017 and it points out that the national strategic Plan for protection against the harmful effects of water which was in force at that time is not fully aligned with the requirements from the Directive. As the Strategy points out, the General Plan for Protection Against the Harmful Effects of Water, for waters of importance for Montenegro, was adopted for the period from 2010 to 2016. In accordance with that Plan, local and state authorities adopt every year Operational protection plans to determine the measures necessary for the effective implementation of protection from flooding. These annual plans did define the preventive and operational implementation of flood protection but did not provide a framework for long-term flood risk planning and management.

Aforesaid observation from the Strategy underlines the need for better coordination at the level of the Strategic policy documents in Montenegro. In this concrete example, the Strategy shed light on the shortcomings from the General Plan for Protection Against the Harmful Effects of Water and deriving annual protection plans as it was the case back in 2017. However, in meantime the new Nation Plan of Protection and Rescue from Flooding has been adopted resolving many of the said issues, so the recommendations from Strategy should be amended accordingly. This example is just one of many which emphasizes the need for better synchronization and updating in the national framework of strategic policy documents.
2.5 Institutional Responsibilities

Institutional competencies for flood risk management are divided between Ministry of Agriculture Forestry and Water Management, which is mostly in charge of policy level, and the side Government and the Water Administration as the state authorities charged with executive responsibilities.

The Ministry of Agriculture Forestry and Water Management is in charge of adopting relevant procedures by prescribing more detailed rules pertaining to content of the preliminary flood risk assessment content and manner of making flood danger maps and flood risk maps as well as the content of the risk management plan. This has to be carried out through adoption of the Decree on the detailed content of preliminary flood risk assessments and the flood risk management plan ("Official Gazette of Montenegro" No. 69/15). 

As for the execution, in accordance with Law on Waters ("Official Gazette of Montenegro", Nos. 32/11, 47/11 48/15, 52/16, 02/17, 80/17, 84/18) the flood risk management plan is developed on the basis of:

· A preliminary flood risk assessment, 

· Identified areas significantly endangered by floods and

· Hazard maps and flood risk maps. 

A Preliminary Flood Risk Assessment for each river basin district is prepared by the competent administrative body which is in this case the Water Administration. Based on a preliminary flood risk assessment, the Government identifies areas for which there are significant flood risks or their occurrence may be considered probable.

Grounded on the findings from the Preliminary Flood Risk Assessment the Government identifies areas significantly endangered by floods, or within which the occurrence of floods is considered probable. 

Following the identification of the endangered areas, the Water Administration is in charge of preparing flood hazard maps and flood risk maps for selected areas, taking into consideration each river basin district separately.

Finally, for areas deemed as endangered by floods the Government shall adopt Flood Risk Management Plan which is to be developed at the level of the river basin district.  It is worth noting that the Flood Risk Management Plans need to be aligned with River Basin Water Management Plans. 

In accordance with the procedure set by the aforementioned Decree, Flood Risk Management Plan shall be updated if there is a change in the data determined by the Plan, taking into account the impact of climate change on the occurrence of floods.

The implementation of the Flood Risk Management Plan is done in accordance with the Action Program, which is an integral part of the plan and contains priorities for the implementation of the plan with deadlines, actions to be taken to inform and consult the public and competent authorities for the implementation of the plan.

For a river basin district which is part of an international river basin district, Flood Risk Management Plan shall be drawn up as a jointly with others states in whose territory parts of that river basin district are located.

2.6 Public Participation and Public Information
Involvement of the general public in flood risk management is buttressed thorough Articles 10.1 And 10.2 of the Directive. Article 10.1 determines that preliminary drafts of flood risk assessment are to be approachable to wider public for consideration.

Public participation in the process of adoption of flood risk management documents has been recognized by the Law through Article 95f. The Law makes a mandatory stipulation regarding the drafting process of the flood risk management plan by which the participation of all interested persons and the public must be ensured in such process. Also, the process is to be opened for commenting. Accessibility of the other flood management documents is provided by the stipulation that set of those documents (including preliminary flood risk assessment, list areas significantly endangered by floods, hazard maps, flood risk maps and flood risk management plan) shall be made publicly available through the websites of the Ministry and other competent authorities. 

The Law provides legal platform for effective public participation when it comes to adoption and revising of the flood risk management documents, in the manner that is fully aligned with the Articles 10.1 and 10.2 of the Directive.  

The Law provides a platform for  adequate public participation in line with the relevant requirements from the Directive. 

In addition to the aforementioned, the National Plan for Protection and Rescue from Floods also included the section on informing the public. The Plan introduces well-structured division of duties of the state local and state authorities, by which:

1. Within the Directorate for Protection and Rescue of the Ministry of the Interior, the Operational - Communication Center 112 - OKC 112 has been established, which is in charge of informing other competent authorities about potential flood risks. floods, its extent and the activities and measures to be taken.. 
2. Institute of Hydrometeorology and Seismology is in charge of providing the information on the occurrence of floods to the Operational - Communication Center 112.
3. Municipalities are responsible for informing the public about the occurrence of floods within their territories. Local authorities are also in charge of gathering all relevant data on floods and their potential consequences for people, material, and cultural goods and to pass on such information to the Operational - Communication Center 112.
2.7 Table of Transposition

It can be concluded that high level of the transposition of requirements from the Directive into national legislative framework on the preliminary flood risk assessment in Montenegro has been achieved in all relevant areas. The table of transposition with relevance to the PFRA is shown in Table 2.1. Some additional work may be done regarding the content of information on adverse consequences and alignment with stipulations set by the Annex I of the Directive 96/61/EC of 24 September 1996 concerning integrated pollution prevention and control. However, this can be regarded as just a minor omission that does not influence overall successful level of transposition.  

Apart from strictly legislative framework, there is a clear need for better alignment and consistency in regard to the within national framework of strategic policy papers. Proposals of policy interventions and correlated implementation of activities pertaining to the management of flood risks are scattered in several policy papers, without clearly defined synchronization or interdependence of those documents. Flood risk management measures and policy interventions are foremost set by the National Plan of Protection and Rescue from Flooding, December 2019, and the Water Management Strategy from 2017. However, even recommendations from these two most prominent policy papers lack mutual synchronization. In addition to the said two policies, objectives pertaining or relating to flood risk management are defined in several other strategic document such as and a Strategy to reduce the risk of disaster with the Dynamic Action Plan for the period 2018-2023 and National Strategy for Sustainable Development until 2030.  Most of these documents have been prepared at the different points in time when the levels of the transposition of EU requirements varied. For that reason, they have different starting points which may result in different recommendations.  Consequently, there is a clear need for streamlining the objectives and recommendations by identifying one umbrella strategy, most likely the National Plan of Protection and Rescue from Flooding. All other strategy documents should be aligned with the objectives set by the chosen overarching policy and update regularly in accordance with latest amendments of such policy. 
Table 2.1. Table of transposition relevance with relevance to the PFRA

	Legal Act
	Article
	Relevance

	Law on Waters
	Art. 5. paragraph 1. Subsection 49.
	Transposition of the definition of term ’flood’’

	Law on Waters
	Art. 5. paragraph 1. Subsection 50.
	Transposition of the definition of term ’flood risk’’

	Law on Waters
	Art. 5. paragraph 1. Subsection 80.
	Definition of the water areas 

	Law on Waters
	Art. 21.
	Determination of the water areas in the territory of Montenegro

	Law on Waters
	Art. 95b.
	Stipulates preparation of PFRA for each River Basin district and exchange of information for international basins 

	Law on Waters 
	Art 95a.

paragraph 4.


	Provides legal basis for adoption of the Rulebook on Detailed Content of the Preliminary Flood Risk Assessment

	Rulebook on Detailed Content of the Preliminary Flood Risk Assessment and Flood Risk Management Plan
	Art 3.
	Determines the content of the Preliminary Flood Risk Assessments



	Law on Waters 
	Art. 95c.
	Sets obligation of the Government to identify areas for which, potential significant flood risks are existent or might be considered likely to occur; Stipulates cross-border cooperation in identifying the areas significantly threatened by floods when it comes to international basins. 

	Rulebook on Detailed Content of the Preliminary Flood Risk Assessment and Flood Risk Management Plan
	Art 4.
	Further develops mandatories elements which shall be provided for each of the three scenarios defined by the article 95d of the law and as a direct requirement from the Article 6.4 of the Directive. 

	Rulebook on Detailed Content of the Preliminary Flood Risk Assessment and Flood Risk Management Plan
	Art. 6.
	Defines in detail mandatory content of the flood hazard maps

	Law on Waters
	Art.95f.
	Enables transparency and public participation in the process of developing a flood risk management plan and during their updates.


2.8 Transboundary Flood Management
Montenegro's cooperation with neighbouring countries and the wider international environment in water management is regulated by interstate agreements and signed conventions and agreements in the field of water, which are part of the legal framework for water management in Montenegro.

Montenegro became a candidate for membership in the European Union in December 2010, and the negotiation process between Montenegro and the European Union officially began in June 2012.

On Montenegro's path to the European Union, the negotiating chapter 27 - Environmental protection and climate change, within which the sub-area - Water quality, is one of the most demanding. The former Ministry of Sustainable Development and Tourism, i.e., the current Ministry of Ecology, Spatial Planning and Urbanism, is responsible for coordinating the negotiation process in Chapter 27.

Montenegro's interstate relations with respect to the Adriatic River Basin in the field of water with neighbouring countries Albania and Croatia are regulated by Agreements concluded between the states:

· Agreement between the Government of Montenegro and the Government of the Republic of Croatia on mutual relations in the field of water management, made and signed on September 4, 2007, in Zagreb, and 
· Framework Agreement between the Government of Montenegro and the Council of Ministers of the Republic of Albania on mutual relations in the field of transboundary water management, in Shkodra on July 3, 2018.
The signed agreements lay the foundations for integral, continuous, and long-term regulation of issues of importance for water management of common interest or transboundary impact, on the principles of cooperation, equality and mutual respect in exercising and satisfying both individual and common rights and interests. The implementation of the contract implies the obligation to consider each open issue in detail in order to reach acceptable solutions.

In the catchment area of Adriatic River Basin is Skadar Lake, the largest lake in the Balkans. Two-thirds belong to Montenegro and one-third to Albania. The Bojana River is for the most part of its course a border river between Montenegro and Albania, and the Cijevna basin includes the territories of Montenegro and Albania. Works and facilities with a possible transboundary impact on which states must harmonize their positions are the construction of capital hydro-accumulation facilities, water transfer from one basin to another, construction of water treatment plants, especially large pollutants, regulation of rivers and other waters, etc.

Montenegro signed its first agreement with the Republic of Albania in 2001. This agreement is not fully in line with the Water Framework Directive and the two sides on the road to the European Union are expected to harmonize it.

In addition to the Agreement between the two countries in the field of water management, the following were also signed:

· Agreement between the Academies of Sciences and Arts of Montenegro and Albania in 2005.
· Memorandum of Understanding between the Council of Ministers of the Republic of Albania and Montenegro for “Cross-border Development of Skadar Lake” on 26 May 2006.
· Memorandum for cooperation between 4 Hydrometeorological institutes (Montenegro, Albania, North Macedonia, and the Republic of Kosovo) Cooperation and Data Exchange for Flood warning in the Drim\Drin - Buna\Bojana River Basin (2011).
These Memoranda established the following:

· The unfavourable hydrological regime of Skadar Lake and Bojana River is an increasing cause of frequent floods.
· It is necessary to ensure a greater degree of protection of the shores of Skadar Lake and the Bojana River.
· Regulation of the water regime of Skadar Lake and the riverbeds of the Bojana and Drim rivers is of great importance for the general development of the border area between Montenegro and the Republic of Albania.

These documents also show the full readiness of both sides for joint action on the accelerated implementation of projects for the regulation of Skadar Lake, Bojana and Drim. The need for the adoption of an Action Plan for sustainable flood prevention in the Skadar Lake and Bojana river basins was pointed out, and short-term and long-term measures were defined. Short-term measures included the preparation of project documentation for the arrangement of the Bojana riverbed, which determined the priorities in the execution of works, agreed by both parties. Long-term measures include the development of management plans for the Skadar Lake, Bojana and Drim basins, the development of complete project documentation for the regulation of Skadar Lake, Bojana and Drim, as well as the implementation of measures defined by the projects. In order to coordinate and harmonize activities on the implementation of both short-term and long-term measures, both countries have formed Commissions, which have developed an action plan and detailed defined urgent measures that need to be taken. The exchange of data has proved very good during flood management in the last few years and thus the negative impact of floods has been reduced.

The agreement between the Government of Montenegro and the Government of the Republic of Croatia was signed in order to develop direct long-term cooperation in the field of waters of common interest, which contributes to the improvement of overall mutual relations, as well as relations in the region.

Based on the Agreement, a Standing Montenegrin-Croatian Commission for Water Management of Common Interest was formed, as well as a subcommittee:

· Subcommittee for Pipeline Plat Herceg Novi.
· Sub-commission for regulation of mutual relations related to the issue of using the potential of the Trebišnjica river basin, and

· Subcommittee on Mutual Relations in the Field of Protection of the Adriatic Sea.

So far, intensive work has been done at the level of state commissions, as well as subcommittees for the Plat Herceg Novi pipeline. Current issues that are important for mutual relations in the field of water management are:

· Signing a trilateral agreement between Montenegro, Croatia and Bosnia and Herzegovina regarding the use and protection of waters of common interest, especially the waters of the Trebišnjica River Basin.
· Water supply of Herceg Novi from the Republic of Croatia from the Plat reservoir until the final solution of water supply from the Regional Waterworks.
· Resolving the issue of mutual relations in the field of protection of the Adriatic Sea.
· Joint activities in the work of the Danube and Sava Commission.

From the point of view of the interests of Montenegro and its water resources in the Adriatic River Basin, bilateral cooperation should be achieved with Bosnia and Herzegovina. For now, cooperation with Bosnia and Herzegovina is being realized through the Sava Commission. 
Regional Projects

The Ministry of Agriculture, Forestry and Water Management, in cooperation with UNDP, is implementing regional project Integrated climate-resilient transboundary flood risk management in the Drin River basin in the Western Balkans (Albania, the Former Yugoslav Republic of Macedonia, Montenegro). The objective of the project is to assist the riparian countries in the implementation of an integrated climate-resilient river basin flood risk management approach in order to improve their existing capacity to manage flood risk at regional, national and local levels and to enhance resilience of vulnerable communities in the DRB to climate-induced floods. The countries will benefit from a basin-wide transboundary flood risk management (FRM) framework based on: improved climate risk knowledge and information; improved transboundary cooperation arrangements and policy framework for FRM and; concrete FRM interventions.

Within this project, $2.3 million will be spent on the regulation of the river Bojana, the river Gracanica in the area of the municipality of Niksic, as well as on the strengthening of institutions and measures to eliminate the negative anthropogenic impact on the watercourses of the Drim basin.

In March 2020, the United Nations Development Program (UNDP) announced a tender for the development of the main project for the regulation of the Bojana River. The deadline for drafting the project is the end of 2021. Also, a contractor was selected to develop a project for the regulation of the river Gracanica in the municipality of Niksic. The deadline for drafting this project is July 2021.
3 Description of the ADRIATIC River Basin
3.1 Hydrogeographical overview

The Adriatic catchment area occupies the central and southern part of Montenegro. The total area of the Adriatic basin of Montenegro is about 6,560 km2 or 47.5% of the state territory with the main waterbodies including the Bojana, Cijevna, Morača and Zeta Rivers and Skadar Lake (Table 3.1). The Sub-Basins and the river network are shown in Figure 3.1.
Table 3.1. Major rivers
 and Lakes within the Adriatic River Basin
	River/Lake Name
	Length (km)
	Catchment Area (km2)

	Bojana 
	41
	20,000

	Cijevna
	32
	150


	Morača
	102
	3,260

	Zeta 
	85
	1,600

	Skadar lake 
	44
	4,460 in MNE (5,490 in total)


The Zeta River is formed in the part of the Nikšić field called "Gornje polje" from the watercourse of the Sušice and Rastovca. Zeta generally flows south to the village Zavrh where losing part of the existing water, the water appears in the accumulation Krupac. From there Zeta turns east toward Glibavac, then still turns to the southeast and east of compensations to the pool, where the water tunnel and pipeline lead to HE “Perućica”. Before the construction of the hydropower system and the regulation of the riverbed Zeta, this watercourse sinks  along the southern rim  of  Nikšić field (Budoške ponds and Slivlje) to a few kilometers of water appeared on the spring “Glava Zete”. The flow of the Zeta River through the Nikšić field is called the Upper Zeta.
Nikšić field is a closed karst field surrounded by mountains, with an average altitude of about 600 to 660 m above sea level. The area of the field is about 66 km2, and the limestone hills divide the field into smaller units. The catchment area of the Nikšić field is typically karst terrain. The topographic area of the Nikšić field basin is about 890 km2, while the real hydrographic basin is estimated at 1000-1100 km2. The Nikšić field, as a kind of erosion base, drains the surrounding limestone mountains over the Zeta River and other smaller watercourses: Gračanica, Mrkošnica, Grabovik, Bistrica, Glibavac and Moštanica. 

Lower Zeta starts from the spring called "Glava Zete" (spring elevation 71 m above sea level) after the sinking of Upper Zeta in Nikšić field and overcoming the height difference of 530m. The waters of this spring in the immediate vicinity receive the waters of the Perućica spring and then downstream and the waters of the Oboštica spring and thus form the Lower Zeta watercourse. Lower Zeta flows over the "Bjelopavlićka" plain and after 50 km flows into the river Morača in Podgorica, at an elevation of about 30 m above sea level. The total area of the Zeta River basin is about 1600 km2.

The Morača River originates from a spring above the village of Ljevište in the Pleistocene circus Vragodo. The periodic spring of the river Morača is located at 1,595 m above sea level on the southern edge of the upper valley of the circus Vragodo, at the foot of the northern slopes of the “Štit” , Kapa Moračka. Circus Vragodo is surrounded on the north side by the peaks of Lola Mountain, and on the west and south by the peaks of Kapa Moračka. These are all peaks with elevations around 2000 -2200 m above sea level. The permanent spring of the river Morača is located in the circus Vragodo at about 1,400 m above sea level, at the place where the lower valley of Vragodo begins.
The upper part of the Morača River has a branched river network, which is not a general characteristic of the hydrography of the Adriatic Basin. In this part of the river flows over the sediments of the Upper Cretaceous flysch (sandstones, marls, sandy limestones, etc.), rocks that are not characterized by high permeability as is the case with limestone sediments.

In its middle part, the Morača River has cut the canyon part of the valley known as "Platije". Morača Canyon is the second largest canyon in Montenegro. It is characterized by steep shores up to 1000m deep. The length of the canyon is about 30 kilometers and it ends upstream from Podgorica in the settlement of Zlatica, where the river Morača enters the vast Zeta plain.

In its lower course through the Zeta plain, where the capital Podgorica is located with numerous surrounding settlements and where a third of Montenegro's population lives, the Morača river flows through a porous gravelly-sandy glaciofluvial sediment, all the way to Skadar Lake. The zone of the confluence with Skadar Lake is variable due to large oscillations of the lake level (5-6m maximum). In the first half of its downstream part, through the area of the city of Podgorica, Morača flows through a characteristic canyon formed in glaciofluvial sediments. The height of the canyon sides is between 10 and 20 m.

In the lowest part of its course, the Morača River flows through a significantly devastated, relatively shallow bed, especially around the confluence with the left tributary, the Cijevna River. It is an area densely populated with rural households, and with a significant traffic infrastructure (main roads to Skadar Lake and further to the Adriatic Sea, Belgrade-Bar railway). As it has already been said, the confluence of the Morača and Skadar Lake is changeable and depends on the general hydrological situation. At low waters, Morača flows into the lake in the Vranjina zone, and at extremely high waters upstream from Ponari.

Morača in the village of Vukovci just before the confluence with Skadar Lake (low and high waters)

The Morača River is the biggest tributary of Skadar Lake. The area of the Morača River basin to the mouth of Skadar lake is 3260 km2.

Figure 3.1. Sub-basins and river network in Montenegro
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Skadar Lake is one of the most important aquatic waters of Montenegro in hydrological, economic, water management and tourist terms. Therefore, when solving any hydropower and water management activities in its entire basin, it is necessary to consider the implications of these solutions to water balance and Skadar Lake regimes. The Skadar Lake basin, on the territory of Montenegro, belongs to about 70% of the total Adriatic Sea basin. 

The length of the lake, along with Crnojevića river, is about 50 km (about 44 km without Crnojevića river), and the largest width is in profile near the state border line, where it is about 14 km. The lake extends in the northwest-southeast direction, in the form of elongated ellipse and it is parallel to the Dinarid mountain system, at the end of which it is formed. It is the southern part of Montenegro, where the following towns are located: Podgorica, Nikšić, Cetinje, Danilovgrad etc. Most of the area considered is represented by typical karstic terrains that are characteristic of the area of the External Dinarides. It is separated from the sea by the mountain ridges of Sutorman and Rumija. Skadar Lake is a cryptodepression, meaning that some of the bottom level is below the sea level. 
Skadar lake is a flowing lake. From the Montenegrin side, the waters of the Morača River, the River Crnojevic, the Orahovštica River, as well as the waters of some ten tributaries and underground waters. There are several rivers and streams arriving from Albania in the lake. The waters of Lake swell by river Bojana to the Adriatic Sea.

Skadar Lake covers an area of ​​less than 400 km2 at minimum water levels, up to 525 km2 at the highest registered water levels.

The Bojana River is formed by the outflow from Skadar Lake. It flows out of a lake in the city of Shkodra in Albania. This swelling begins over one travertine threshold with an average elevation of about 4.5 m. above sea level. The length of the river Bojana is about 41 km and in the length of about 25 km it represents the border river between Montenegro and Albania. It is characterized by a small overall decline (0.6%) and meandering.

Although it has a relatively short course, the river Bojana is characterized by very complex hydrological conditions, conditioned by natural and anthropogenic factors. The main natural factors are linked to the hydrological regime of the Skadar Lake and its tributaries, particularly the Drim River.

The most important anthropogenic factor that affects the hydrological conditions of the river Bojana, i.e., the conditions of its outflow from the lake are three large reservoirs on the Drim River. Namely, large waters discharged from these reservoirs during extreme rainfall episodes cause large Drim waters to prevent the flow of the Bojana River from the Lake and thus cause large floods in the Skadar Lake zone and in the areas around the Bojana riverbed, on both the Montenegrin and Albanian sides. It should be borne in mind that the basin of the river Drim is about 14,000 km2 and that in extreme hydrological conditions the flow of the Bojana below their mouth is represented by the waters of the Drim. According to data from the Drim River Hydropower Plants 2006, the extreme peak discharges of the Drim River can reach 9000 m3/s.
The river Bojana flows into the Adriatic Sea near the town of Ulcinj. The average annual flow at the mouth of the sea is about 670 m3.

Cetinje field has an area of ​​about 3.8 ha. The length of the field is about 5 kilometers and the average width is about 800 meters. The average altitude of the field is 635 meters, and the highest elevations of the terrain reach 750 m above sea level. The Cetinje field is a closed karst field, so extreme precipitation causes flooding of one part of the field. The waters are evacuated through abysses located in the lowest parts of the field. Having in mind the hydrogeological conditions in the zone of the Cetinje field, floods in the field can be classified as floods caused by meteorological factors (heavy precipitation with melting snow from the basin) and groundwater. The abysses drain the water towards the Crnojević River through karst channels.

The Cetinje field basin is estimated at 46 km2. If the amount of inflowing water exceeds the capacity of the abyss drainage, the Cetinje field will be flooded. The catastrophic floods that hit Cetinje in February 1986, caused by intense rainfall (February 6-18, 670 mm), sudden melting of snow and occasional karst springs, marked the course of the former Cetinje River.
Coastal Watercourses

The specificity of the Adriatic River Basin is represented by small and torrential watercourses and canals. 70 such watercourses are known, of which 40 flow into the sea in urban areas and in the area of bathing areas. The catchment area of these 40 torrents is approximately 450 km2. The Montenegrin coast with a close hinterland is characterized by high amounts of precipitation causing relatively fast runoff of water in rainy periods, forming fast and short watercourses with large flow oscillations. These torrent watercourses occur along the entire coast.

The riverbeds of these short watercourses are characterized by a large longitudinal fall which causes the destructiveness of torrential water. Extreme rainfall causes water spills from the riverbed and causes floods of a local character. These floods fall into the category of flash floods and are characterized by a short response time of precipitation-flood wave (below 6 hours).

The size of these watercourses does not correspond to their flood potential, especially since the time of accelerated urbanization of the Montenegrin coast. All possible anthropogenic pressures on the natural runoff of large waters are expressed: uncontrolled construction, obstacles in the riverbeds, inadequate interventions in the riverbeds, road, and other infrastructure, etc. Bearing in mind the changes in the runoff regime due to climate change that we are already witnessing, the issue of torrent watercourses on the Montenegrin coast is becoming very topical and a number of these watercourses are objectively classified in the areas of the APSFR because, objectively, they endanger all elements of space (population, material goods, nature, social activities), and thus represent areas of risk.

The topographical map at a scale of 1:300,000 of the basin is illustrated in Figure 3.2
. An example of the level of detail that will used for the flood hazard and flood risk maps is provided in Figure 3.3
. A slope map of the region is shown in Figure 3.4. 
Figure 3.2.  Topographical map of Montenegro
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Figure 3.3.  Example of the level of topographic detail for each APSFR
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Figure 3.4.  Slope map of the Adriatic River Basin
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3.2 Land Use
Land use was analysed based on the European Corinne Land Cover dataset (2012) and Open Street Map. The land cover and land use classes were summarised to create land use classes that match the needs of the preliminary flood risk assessment.

Figure 3.5 shows (exemplary in small scale) the land use map which was applied for the risk assessments. The Corine Land Cover classes are shown in Table 3.2.
The first class includes all artificial surfaces indicating the higher level of potential pressures, mostly related to urban areas, industries, or mining activities. Class 1 covers all urban, industrial and constructions. Class 2 covers the agricultural activities, which highlight the agricultural activities that are more likely to include a higher level of pressures (mostly from diffuse pollution; irrigated and non-irrigated arable lands, vineyards, orchards) as well those including pastures and non-intensive agricultural practices. The third class incorporates the types, such as forest covers, bare rocks and natural areas. Classes 4 and 5 refer to inland wetland and inland waters.  

Forest and semi‐natural areas are the main land use types in mountainous regions. In river valleys land is used for agricultural production. The big number of cities and villages are situated along the rivers. 
Figure 3.5. Land use map of the Adriatic River Basin (Corine Land Cover classes)
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Table 3.2.  Corine Land Cover classes
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4 Description of floods that occurred in the past in areas where significant adverse impacts can occur in the future due to changed conditions
4.1 Introduction

The Rulebook on the Closer Content of the Preliminary Flood Risk Assessment and the Flood Risk Management Plan ("Official Gazette of Montenegro", No. 069/15 of 14.12.2015) specifies the following requirements with respect to the description of past flood and the adverse impacts which could occur with future flooding events:

· Description of past flood events which had significant adverse impacts on human health, the environment, cultural heritage, and economic activity, for which it is probable to occur again in the future, considering the severity of flood events, runoff directions and assessment of adverse impacts caused by such events (Section 4.4).

· Description of floods that occurred in the past in areas where significant adverse impacts can occur in the future due to changed conditions (urban development, proclamation of protected areas). This is also covered in Section 4.4.

· The Impact of climate change on occurrence of floods (See Section 5).

· Assessment of potential harmful impacts of future floods on human health, environment, cultural heritage, and economic activities, considering topography, position of water courses and their hydrological and geo-morphological characteristics, flood plains as natural retentions, efficiency of the existing flood protection facilities, position of settlements, areas of economic activities and long-term development plans, as necessary (See Section 6).
4.2 Definition of Source of Floods 

The following types of floods (or: “source of flood”) shown in Table 4.1 have been considered in the Adriatic River Basin when identifying the areas of potential significant flood risk.
The primary focus of the preliminary flood risk assessment was agreed during a Working Group meeting in June 2020 to be focused on the potential risks resulting through floods along surface waters from rivers and streams (fluvial). 

Where the territory of Montenegro is concerned, in addition to the types of floods presented in the Guidance for reporting under the EU Floods Directive, the PFRA takes account of the specificities of the terrain in the Adriatic River Basin and therefore an adequate representation of the types of flooding reflecting the natural conditions.
Table 4.1.  Source of floods

	Type / Source

	Description


	Fluvial
	Flooding of land by waters originating from part of a natural drainage system, including natural or modified drainage channels. This source could include flooding from rivers, streams, drainage channels, mountain torrents and ephemeral watercourses, lakes and floods arising from snow melt.

	Pluvial
	Flooding of land directly from rainfall water falling on, or flowing over, the land. This source could include urban storm water, rural overland flow or excess water, or overland floods arising from snowmelt.

	Groundwater
	Flooding of land by waters from underground rising to above the land surface. This source could include rising groundwater and underground flow from elevated surface waters.

	Sea Water
	Flooding of land by water from the sea, estuaries, or coastal lakes. This source could include flooding from the sea (e.g., extreme tidal level and / or storm surges) or arising from wave action or coastal tsunamis. 

	Artificial Water-Bearing Infrastructure
	Flooding of land by water arising from artificial, water-bearing infrastructure or failure of such infrastructure. This source could include flooding arising from sewerage systems (including storm water, combined and foul sewers), water supply and wastewater treatment systems, artificial navigation canals and impoundments (e.g., dams and reservoirs) and activation of landslides.


Pluvial / heavy rain / flash flooding

For the rivers of the Adriatic River Basin pluvial floods are not modelled and thus systematic risk assessment is not possible based on the existing information. But due to the importance of this type of flood according to the increasing damages from these in the last years at least past flash flood events are documented and considered in the evaluation of potential risk areas. If recurrent past events hit one location or one region this shall be called significant risk in the light of this PFRA. 

The determination of flash floods in the context of this study is based on the characteristic of the specific location in which the flood occurs. If the size of the catchment that drains water to this location is <20 km², and no permanent river or stream exists, and if there is a rapid response (less than 6-8 hours) of runoff to precipitation in the basin, it is be defined as heavy rain event or flash flood. If the catchment is >20 km² and a permanent river or stream exists, it is defined as river flood. 
Groundwater

Risks from groundwater often occur in lowland areas, marshland or meadows that are at the same time regularly flooded from rivers (fluvial floods). Thus, the potential risk areas are already identified under fluvial floods. If large areas that are not flooded from rivers have been flooded just from groundwater, and if these events have been recorded, those areas are additionally documented and evaluated according to the significance criteria. In the PFRA for the rivers of the Adriatic River Basin such areas were identified in the Nikšić and Cetinje fields.
Sea Water / coastal flooding

In the Adriatic River Basin, the mouth of the Bojana, where the Bojana River feeds into the Adriatic Sea, coastal flood risk is relevant. According to local experiences and documentations flooding along the coast is not caused by sea water itself but by the combination of river flood (from the Bojana River) and high sea water levels. The origins of the flood risk are the coastal rivers that cannot discharge into the sea due to high sea water level.

Tidal waves that cause floods in coastal cities are very common (Budva, Kotor, Herceg Novi). They are a consequence of heavy rainfall and strong gusts of southeast wind that lead to flooding of public areas - roads, squares, and promenades. They usually do not cause much structural damage because they last a relatively short time.
Artificial water-bearing infrastructure

Damage due to dam failure is especially high due to the high speed of the flood water. Demolition often occurs within hours of the first visible signs of dam failure, leaving little or no time to evacuate.

The technical working group agreed that it considers the risk of dam failure to be significant risk, as the probability of dam failure is less than 1:10,000, according to the dam design and dam failure studies. Compared to the probabilities of fluvial floods (1:100, 1:500), this cannot be called significant in the PFRA methodology for determining the APSFR for FRM. However, this has been discussed and it will be pointed out that there is a risk of failure of dams in the Adriatic River Basin in Montenegro (dams Krupa, Slano and Vrtac at the Zeta River). This risk should be regularly assessed (dam failure studies) and considered in maintenance plans and risk management scenarios. 
However, it is important to state that in the canals in the Nikšić field, which are Vrtac (Opačica, Moštanica, Zeta II) and the Zeta I canal, any spillage of water from the canal does not affect the flooding. Also, the water that overflows from the Slano and Krupac reservoirs flows into the Vrtac retention, which is formed up to the elevation of 614 m above sea level and is maintained at that elevation by the constitutions. Water from the Vrtac retention is poured into the Slivlje retention.
4.3 Existing Flood Infrastructure

In the process of preparation of the Flood Risk Management Plan, i.e., Preliminary Flood Risk Assessment, the document Inventory of existing flood defence infrastructure was prepared. This document contains all existing information on the built flood protection infrastructure given descriptively and graphically presented in the GIS. A summary of the information in this document is provided below.
Flood defences are represented by the following:
· Dike: These are regulatory structures outside the riverbed and serve to prevent the spillage of large amounts of water into the inundation, which for some reason has become construction or agricultural land.

· Embankment: This is built primarily on the concave side of the curve to the level of medium water, which usually corresponds to the elevation of the shore of the main riverbed. In recent times, elements made of concrete and reinforced concrete are increasingly used.

· Napper: This is a transverse structure in a river that is built on a convex bank, in order to narrow the riverbed, the concave bank must be protected from erosion by building an embankment. They reject the flow of the river towards the middle and cause sedimentation between them.

· Parallel structures: These are made for the purpose of protecting the concave curve, but they move the shore and the queen towards the opposite convex shore in relation to the coastal fortification.

· Riverbed regulation: This includes measures and works on maintaining riverbed flow and flood protection. It may include dredging of the riverbed, construction of embankments and other hydraulic structures.
1. The scope of work performed so far on the regulation of watercourses and flood defence on all watercourses in Montenegro is very modest and they were mostly performed in the 70s of the last centuries. Due to the partial approach to this issue, most of the constructed facilities are of a local character, so that the lengths of defensive embankments, coastal fortifications and regulated riverbeds are very short - from a few hundred meters to 1-2 kilometres. The weak and irregular maintenance of flood defence facilities has inevitably led to a reduction in the level of protection of coastal areas. 

2. Morača River Flood Defences
For protection against flooding and erosion of the coast along the Morača, several facilities were built during different periods. Unfortunately, flood protection works were not carried out systematically, nor in the full, necessary scope.

The following protective structures were constructed:

· Cijevna-Vranjina dike on the left bank of the Morača riverbed. This 16,000-meter-long dike was built in 1950. The dike was originally planned as an integral part of the reclamation system for the protection of Donja Zeta from the floods of Morača river and Skadar Lake. The railway and the Podgorica-Virpazar road were built along the route of this embankment. The construction of this embankment protects about 1,500 ha on which the frequency of floods has been reduced. The settlement of Bistrice is now in a much more favourable conditions, but the floods have not been completely eliminated.
· Dike near the village of Vukovci on the right bank of the river Morača, 3,000 meters long, built in 1952.
· Dike near the village of Ponari on the right bank of the river Morača, 1,500 meters long, built in 1953.
· Embankment near the village of Goricani, 200 meters long. This building was built in 1938.
· Embankment near the village of Grbavci, 200 meters long, built in 1958.
· Parallel structures near the village of Ponari, 200 meters long, built in 1953.
· Nappers in Lekići, 100 meters long, constructed in 1977.

Project documentation for these projects was not available.

Since the partial regulation of the Morača River, which was carried out in this way, did not eliminate the floods, an integral solution to the problem was approached. For this purpose, in 2010, the main project for the regulation of the Morača River on the stretch from the mouth of the Sitnica River in Botun to Ponar was started. The realization of this project is in progress.

3. Sutorina River Flood Defences

For the needs of arranging the Debeli Brijeg border crossing, in 2005 the Main Project for the Regulation of the Sutorina River was made, in part of its flow through the Debeli Brijeg border crossing. The works included the cutting and stabilization of the riverbed, as well as the construction of a 3.5 km long embankment (Figure 4.1). 

Figure 4.1. Sutorina section where regulation works were performed
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4. Bojana River flood defences

To protect Ulcinj’s field from water, dikes were built in 1950, consisting of two parts separated by the hill Sutjel. The first section of Sent Nikola to Reč is 6,300 m long, and the other, Sutjel - Sent George, it is 1,470 m long. These dikes directly protect the area of ​​about 600 ha between Bojana and the old saltern dikes, and indirectly the entire Ulcinj’s field. The dike is placed parallel to the bank of the Bojana river at a distance of 100-200 m.

After construction, the responsibility for maintenance of the dikes was handed over to the Municipality of Ulcinj. However, today the Municipality does not have documentation on their construction or on the changes that occurred between the 1950s and the present day. The first information about their real condition was obtained by surveying the dike after the 1963 flood. At that time, it was stated that the dikes were not fully completed according to the 1950s project, and that the assessment of the highest possible water level in Bojana proved to be wrong. It was also determined that the dikes are exposed to systematic destruction in places where rural roads without pavement cross them, which leads to a local lowering of their crown and the creation of a danger of local overflow at high waters.

In 1966, in order to increase flood safety, in the area between Bojana and the old saltern dine, and based on the experience from 1963, the Paratuk dike was built. It is 195 m long and connects the old Saltern dike and Bojana dike Sent Nikola - Rech. In this way, the defended area between the two dikes was divided into two.
From the time the dikes were completed in 1950-1951 until 1977, they were not maintained and were overgrown with grass and weeds, and in many places in the body of the embankment large forest trees developed. During 1977, the embankments were partially cleared of trees, shrubs, and other vegetation, after which the grass was mowed. Due to the long-term neglect of the dikes, it was not possible to achieve a greater effect with these works, especially because not all larger trees were cut down and the roots and stumps of the cut trees were removed and remained in the trunk of the dikes.

In order to protect Vladimir and Sukobin fields against flooding from Bojana River, two dikes were built, namely: the dike Gropat - Štodra in the length of 960 m, and the section Štodra - Sukobin which is 2,900 m long. These dikes protect approximately 110 ha in the Vladimir field and about 360 ha in the Sukobin field. The Gropat-Štodra and Štodra-Sukobin dikes were built in accordance with the 1979 project. 

The Ministry of Agriculture, Forestry and Water Management, in cooperation with UNDP, is implementing the first regional project funded by the Adaptation Fund in Europe. The value of the Project is $10,000,000, of which $1,300,000 has been allocated for Montenegro for the development of the Main Projects for the Bojana and Gračanica Rivers as well as for the execution of infrastructural works on the construction of embankments and other measures that the projects will envisage for long-term flood protection. and arrangement of the riverbeds of the mentioned watercourses.

On March 9, 2020, UNDP announced a tender for the development of the Main Project for the Regulation of the Bojana River, within the regional project "Integrated Flood Risk Management in the Drim River Basin". 

The expected goal of the Regional Project is to create preconditions for flood protection in the Drim River Basin, with capacity building at the regional, national, and local levels. 

Figure 4.2. Dikes on the Bojana River
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5. Nikšić Field

Nikšić field is a unique area in Europe and the world where huge amounts of water caused by high rainfall but also large waters that are lost in the porous karst soil. All this caused elements and unforeseen damage to the population. This is the case in almost all karst fields of the Dinarides and the region.

Therefore, people in these areas resorted to various interventions in order to stop the sudden and large waters on their property. In 1960, a unique hydro system of HPP "Peruica" was installed in Nikšić field, which will have a comprehensive purpose - irrigation, tourism, etc. area of water management, but they all had a key goal - utilization for hydropower potential.
Reservoirs in the Nikšić field were formed with the aim of storing water and changing the temporal and spatial distribution of water according to the requirements of the production of HPP "Perućica" and flood regulation. They equalize the flow of watercourses, i.e., make it even in terms of runoff. Due to the high-water permeability of the Vrtac and Slivlje retentions, the Gornja Zeta river in this area flows through the Zeta II canal in the Vrtac retention, and then through the Zeta canal and downstream from the Vrtca dam in the Slivlje retention area. The dams are located on the water-permeable parts of the bottom of the field, so injection curtains have been additionally placed, which will retain water along their axes and the perimeter of the field.

Figure 4.3. Scheme of the Hydropower System (HES) of HPP Perućica
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6. Coastal Areas

The issue of flood defense is additionally burdened by the regulation of torrents in the municipalities of the coastal area of the Adriatic Sea.

There are 41 torrent channels in the Kotor area, some of which are relatively short and flow directly into the sea, flooding relatively narrow valleys and causing significant damage by flooding and collapsing coasts. However, in addition to that, this area is also endangered by groundwater, which, especially under the slow tide, endangers the terrain up to 7 m above sea level.

Sutorina, Repaj and several smaller watercourses in the area of Herceg Novi, torrents in Bar, Budva, Petrovac and Ulcinj, threaten the population with flooding, urban infrastructure, agricultural land, and affect the devastation of the coast and change the sedimentation regime on the beaches.

Tidal waves that cause floods in coastal cities are very common. They are a consequence of heavy rainfall and strong gusts of southeast wind that lead to flooding of public areas - roads, squares, and promenades. They usually do not cause much damage because they last a relatively short time: the faster they appear, the faster they recede.

The negative impact of the sea on floods in the coastal area is evident in the municipality of Kotor. The main problem is the flooding of the Old Town and the Riva during heavy rainfall or strong north wind due to the fact that the sea as a recipient, which is located below the Old Town, is not able to receive so much water. In Herceg Novi, the tidal wave affects the Pet Danica Promenade and can cause damage in the city port if not all preventive measures are taken. The settlements of Igalo and Bijela are also endangered. In Budva, a tidal wave over the beach on Richard's head floods the Old Town and reaches a large square in front of the Avala Hotel.

There are no official data on these phenomena because no special attention has been paid to them so far. Tide gauges recorded the time and intensity of tidal waves but have not been processed so far. Also, there is no infrastructure that would protect the coast from flooding caused by tidal waves, so this issue should be addressed in the future, given the frequency of occurrence and damage they can cause. 
7. Summary of Existing Facilities

Table 4.2 summarizes the existing facilities for passive and active flood defence in Adriatic River Basin. The following maps presented in Figures 4.4 to 4.6 illustrate the existing flood protection facilities in the Adriatic Basin.
Table 4.2. Summary of existing facilities for flood protection in the Adriatic catchment area

	
	No.

	Watercourses
	Location 
	Type of infrastructure 
	Year of construction 

	Passive Flood Protection

	1
	1.1.
	Morača
	Cijevna –Vranjina
	Dike 16,000 m
	1950

	
	1.2.
	Morača
	Selo Vukovci
	Dike 3,000 m
	1952

	
	1.3.
	Morača
	Selo Ponari
	Dike 5,000 m
	1953

	
	1.4.
	Morača
	Selo Goričani
	Embankment 200 m
	1938

	
	1.5.
	Morača
	Selo Grbavci
	Embankment 200 m
	1958

	
	1.6.
	Morača
	Selo Bijelo Polje
	Parallel structures 170 m
	1950

	
	1.7.
	Morača
	Selo Ponari
	Parallel structures 200 m
	1953

	
	1.8.
	Morača
	Selo Lekići
	Napper 100 m
	1977

	2
	2.1.
	Sitnica
	Lješkopolje
	Regulation 3 km
	1987

	3
	3.1.
	Bojana
	Sv Nikola-Reč
	Dike 6,337 m
	1950-1951

	
	3.2.
	Bojana
	Sutjela – Sv. Đorđe
	Dike 1,455 m
	

	
	3.3.
	Bojana
	Gropad-Štodra
	Dike 960 m
	

	
	3.4.
	Bojana
	Škodra- Sukobina
	Dike 2,900 m
	

	
	3.5.
	Bojana
	Paratuk
	Dike 195 m
	

	4
	4.1.
	Sutorina
	Sutorina
	Regulation 3,500 m
	2005

	Active Flood Protection

	5
	5.1
	Zeta
	Krupac (1), Slano (2), Vrtac (3). Liverovici (8)
	Accumulation 
	

	
	5.2
	Zeta
	Moštanica (4), Opačica (5), Zeta I (6), Zeta II (7)
	Canal
	


Figure 4.4.  Existing flood protection facilities on the Morača River
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Figure 4.5.  Existing flood protection facilities on the Bojana and Sutorina Rivers
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Figure 4.6.  Existing flood protection facilities on the Zeta River, Nikšić
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4.4 Description of past flood events which had significant adverse impacts
In the Adriatic River Basin, the floods are periodically pronounced along the watercourses of Zeta, Morača and Bojana, and in area of Skadar lake. This area contains the largest part of arable agricultural land in Montenegro. About 50% of the Montenegrin population lives in three cities (Nikšić, Danilovgrad, Podgorica) located in the valleys of the Zeta and Morača rivers. 

Historical hydrological data related to the recorded high (potential) flood waters on the network of hydrological stations in Montenegro were analysed from 1952 when water level measurements began on rivers. The complete set of data relating to the exact dates (years) of the high-water flows and the calculated return periods for each of the hydraulic stations in the Adriatic River Basin is provided in Annex 1. Table 4.3 provides a summary of the hydrological data. Since 1952, four events have been registered with flows of a calculated return period of 100 years. The most common high-water flows in the Adriatic basin are calculated with a 10-year return period, occurring 56 times since 1952.
Apart from the historical hydrological data there are no other official data detailing the extent of the inundated areas of flood waters or damage to property caused in the past other than those that occurred in 2010.
Table 4.3.  Registrations since 1952 of flood return periods of 10 to 100 years measured at hydrological stations in the Adriatic River Basin
	Watercourse, location HS

	Return Period


	
	( 10 < 50 Years 
	(50 < 100 Years
	( 100 Years

	Zeta, Nikšić, “Duklov most”
	10
	-
	

	Gračanica,Nikšić, “Glušje”
	3
	2
	-

	Zeta, “Danilovgrad”
	7
	1
	-

	Morača “Podgorica”
	9
	-
	-

	Ribnica “Podgorica”
	7
	-
	-

	Skadarsko jezero,“Plavnica”
	9
	-
	1

	Bojana, “Fraskanjel”
	11
	1
	-

	Total
	56
	4
	1


High waters registered in late 2010/early 2011

Despite the hydrological data assessment, which indicates that flooding in the Adriatic basin would have occurred on multiple occasions, the only information available that can be included for the PFRA relates to the historical flooding event that occurred in 2010. Despite the paucity of detailed data to document historical flood events, the data from 2010 is invaluable for the preliminary flood risk assessment.

After the 2010 floods, major damage was recorded to housing, bridges, and road infrastructure, as illustrated in Figure 4.7. 

Data and information on the November 2010 /January 2011 flood events are available in the Flood Protection and Rescue Plans prepared by the municipalities in 2012. These data are summarized in Table 4.4 for 6 municipalities. Further details for each of the affected areas are shown in Tables 4.5 to 4.7, which include a description of the damage, the potential risks/assets in the area of the flooding together with the significance of the potential risks in relation to human health, environmental and cultural criteria. All data shown in Tables 4.5 to 4.7 were provided from the National Flood Protection and Rescue Plan adopted in December 2019.
Table 4.4. Summary of data from municipal flood protection and rescue plans for the floods in November 2010 to January 2011
	Small basin catchment Area
	Municipality
	Flood type
 
	Flood mechanism/ characteristics

	Affected Regions / locations

	Zeta
	Nikšić
	A11, A12, A13
	A21/A31
	Settlements: Kličevo, Ozrinići, Poljica, Štedim and Straševina.



	Zeta 
	Danilovgrad
	A11, A12
	A21/A31
	Settlements: Pažići, Glavica, Spuž, Podanje, Visko polje, Bogićevići, Livade Bandićke, Gorica, Grlic, Strahinjici, Podkraj.



	Morača, Skadar Lake
	Podgorica
	A11, A12
	A21/A31
	Zone of Skadar Lake, in the area of the City Municipality of Golubovci, there was a spill of lake water and high levels of groundwater in the settlements of Gostilj, Kurilo, Ponari, Bistrice, Berislavci, and partly in the settlements of Šušunja, Goričani and Mojanovići. In the municipality of Tuzi, the settlements of Pothum, Vranj, Vladne, Kodrabudan, Vuksanlekići, in the local community of Dinoša, the hamlet of Tojeć and the village of Omerbožovići.


	Skadar Lake
	Cetinje
	A12, A13
	A21/A31
	Zone of Skadar Lake: settlements Rijeka Crnojevića, Lipovik, Dujeva, Poseljani, Prevlaka, Đurovo oko, Karuč, Rogami, Bobija, Dodoši, Filipov krš, Žabljak Crnojevića.



	Skadar lake
	Bar
	A11, A12
	A21/A31
	Settlements along the shore of Skadar Lake: settlements around the railway station Virpazar, Orahovo, Donji Brčeli, Boljevići below the road, Potkraj towards Dupil, Godinje, Donje Seoce, Krnjice, Murići, Bobovište and Ckla; long the torrents (Đurmanski and Suvi potok in Sutomore, the river Željeznica, the torrent Rikavac and the Rhine canal in the narrower urban zone of the town of Bar) settlements Čanj, Šušanj, Sokolana, Polje, Popovići, Ilino, Zaljevo.



	Bojana
	Ulcinj
	A11, A12
	A21 and A22/A31
	The flooded areas included the settlements: part of Sukobin, Lisna Bori, Fraskanjel, Šas, Štodra, Sv. Đorđe, Reč, Sutjel, Sv. Nikola and the bank of the river Bojana to the mouth, as well as Ada Bojana.


Figure 4.7 Damage from floods in late 2010/early 2011
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Table 4.5(i). Documented historical flood Events in the  area of the small basin of the river Zeta 

	No. 
	Sub-Basin
	River/Tributary
	Affected Regions / Municipalities
	Affected Settlements/

Villages
	Affected Area (km²)
	No. of persons Affected
	No of Affected Dwellings
	No. of Affected Industrial Facilities
	No. of Affected Agricultural Facilities

	1.
	Zeta
	Zeta
	Nikšić
	Kličevo, Ozrinići, Poljica, Štedim and Straševina
	22
	186
	42
	42
	11

	
	Source (S), Mechanism (M) and Characterization (C) of flood according to EU guidelines
: S - A11, A12, A13; M - A21; C - A31

	
	Description of Damage: The floods endangered residential settlements, roads, industrial facilities (warehouses, bakery, and craft plants) agricultural land and agricultural facilities (livestock farms). 

	
	Risk Assessment / Significance of Potential Risks
,
:

	
	A) Human health, economic values
	B1) Water polluting substances / sites
	B2) Protected areas
	C) Risk for cultural heritage sites

	
	No. of houses
	
	Contaminated sites
	
	Nature Protected areas
	
	UNESCO heritage sites
	

	
	Settlement area (in ha)
	
	Locations of substances/sources of pollution
	
	Drinking Water supply areas
	
	Other cultural heritage sites
	

	
	Industrial objects
	
	IED / PRTR-location
	
	Bathing waters
	
	

	
	Industrial area (in ha)
	
	

	
	Possibility for significant damage in the future
: 
	Urbanization
: Yes
	Declaring the area protected: No
	Other Reasons: No


Table 4.5(ii). Historical flood Events in the area of the small basin of the river Zeta16
	No. 
	Sub-Basin
	River/Tributary
	Affected Regions / Municipalities
	Affected Settlements/

Villages
	Affected Area (km²)
	No. of persons Affected
	No of Affected Dwellings
	No. of Affected Industrial Facilities
	No. of Affected Agricultural Facilities

	2.
	Zeta
	Zeta
	Danilovgrad
	Pažići, Glavica, Spuž, Podanje, Visko polje, Bogićevići, Livade Bandićke, Gorica, Grlic, Strahinjici, Podkraj.
	6
	169
	43
	1
	18

	
	Source (S), Mechanism (M) and Characterization (C) of flood according to EU guidelines17: S - A11, A12; M - A21; C - A31

	
	Description of Damage: Flooding endangered settlements, roads, one industrial facility and 165 ha agricultural land.

	
	Risk Assessment / Significance of Potential Risks (see footnotes 18, 19 above)

	
	A) Human health, economic values
	B1) Water polluting substances / sites
	B2) Protected areas
	C) Risk for cultural heritage sites 

	
	No. of houses
	
	Contaminated sites
	
	Nature Protected areas
	
	UNESCO heritage sites
	

	
	Settlement area (in ha)
	
	Locations of substances/Sources of pollution
	
	Drinking Water supply areas
	
	Other cultural heritage sites
	

	
	Industrial objects
	
	IED / PRTR-location
	
	Bathing waters
	
	

	
	Industrial area (in ha)
	
	

	
	Possibility for significant damage in the future20: 
	Urbanization21: Yes
	Declaring the area protected: No
	Other Reasons: No


Table 4.6(i). Historical flood Events in the area of the small basin of the  Skadar Lake16
	No. 
	Sub-Basin
	River/Tributary
	Affected Regions / Municipalities
	Affected Settlements/

Villages
	Affected Area (km²)
	No. of persons Affected
	No of Affected Dwellings
	No. of Affected Industrial Facilities
	No. of Affected Agricultural Facilities

	1.
	Skadar Lake
	Morača
	Podgorica, Golubovci and Tuzi
	Gostilj, Kurilo, Ponari, Pothum, Tuzi, Vranjina
	NR

	2,083
	617
	30
	1,367

	
	Source (S), Mechanism (M) and Characterization (C) of flood according to EU guidelines17: S - A11, A12; M - A21; C - A31

	
	Description of Damage: Floods in the municipalities of Golubovci and Tuzi mostly endangered the large areas of land along the periphery of the Skadar Lake. The flood zone is part of the National Park "Skadar Lake". Industrial facilities were endangered. Large agricultural area and many agricultural facilities were also endangered.

	
	Risk Assessment / Significance of Potential Risks (see footnotes 18, 19 above)

	
	A) Human health, economic values
	B1) Water polluting substances / sites
	B2) Protected areas
	C) Risk for cultural heritage sites 

	
	No. of houses
	
	Contaminated sites
	
	Nature Protected areas
	
	UNESCO heritage sites
	

	
	Settlement area (in ha)
	
	Locations of substances/Sources of pollution
	
	Drinking Water supply areas
	
	Other cultural heritage sites
	

	
	Industrial objects
	
	IED / PRTR-location
	
	Bathing waters
	
	

	
	Industrial area (in ha)
	
	

	
	Possibility for significant damage in the future20: 
	Urbanization21: Yes
	Declaring the area protected: No
	Other Reasons: No


Table 4.6(ii). Documented historical flood Events in thearea of the small basin of the Skadar Lake 16
	No. 
	Sub-Basin
	River/Tributary
	Affected Regions / Municipalities
	Affected Settlements/

Villages
	Affected Area (km²)
	No. of persons Affected
	No of Affected Dwellings
	No. of Affected Industrial Facilities
	No. of Affected Agricultural Facilities

	2.
	Skadar Lake
	Rijeka Crnojević
	Cetinje, Bar
	Boljevici, Dodosi, Dupilo, Karuc, Krnjice, Prevlaka, Rijeka Crnojevica, Rogame Bobija, Virpazar, Zabljak Crnojevica, 
	NR
	755
	190
	29
	181

	
	Source (S), Mechanism (M) and Characterization (C) of flood according to EU guidelines17: S - A12, A13; M - A21; C - A31

	
	Description of Damage: Major damage was on orchards and vineyards, boats and fishing material and a part of livestock and food for livestock also disappeared. Infrastructure facilities were endangered by the Old Bridge on Rijeka Crnojević and three bridges on the road of Rijeka Crnojevića - Virpazar. Also, the pumping station of the Cetinje Water Supply in Podgora was endangered, from where Cetinje is supplied with water.

	
	Risk Assessment / Significance of Potential Risks (see footnotes 18, 19 above)

	
	A) Human health, economic values
	B1) Water polluting substances / sites
	B2) Protected areas
	C) Risk for cultural heritage sites

	
	No. of houses
	
	Contaminated sites
	
	Nature Protected areas
	
	UNESCO heritage sites
	

	
	Settlement area (in ha)
	
	Locations of substances
	
	Drinking Water supply areas
	
	Other cultural heritage sites
	

	
	Industrial objects
	
	IED / PRTR-location
	
	Bathing waters
	
	

	
	Industrial area (in ha)
	
	

	
	Possibility for significant damage in the futur207: 
	Urbanization21: Yes
	Declaring the area protected: No
	Other Reasons: No


Table 4.7. Documented historical flood Events in the area of the small basin of the river Bojana 16
	No. 
	Sub-Basin
	River/Tributary
	Affected Regions / Municipalities
	Affected Settlements/

Villages/ Areas
	Affected Area (km²)
	No. of persons Affected
	No of Affected Dwellings
	No. of Affected Industrial Facilities
	No. of Affected Agricultural Facilities

	1.
	Bojana
	Bojana
	Ulcinj
	Fraskanjel, Gornji Štoj, Lisna Bori, Sveti Đorđe, Sukobin; Bank of the Bojana River, Ada Bojana
	NR
	184
	36 residential properties and 666 cottage facilities
	3
	30

	
	Source (S), Mechanism (M) and Characterization (C) of flood according to EU guidelines17: S - A11, A12; M - A21, A22; C - A31

	
	Description of Damage: The biggest areas of land and private facilities near the river Bojana are endangered. It is primarily about ground-level houses and houses with a maximum of one to two floors, as well as large plantations of fruits and vegetables. At the mouth of the Bojana river, there is a huge complex with 390 facilities (fishing houses, cottages, and restaurants) and the famous tourist center Ada (440 ha).  

	
	Risk Assessment / Significance of Potential Risks (see footnotes 18, 19 above)

	
	A) Human health, economic values
	B1) Water polluting substances / sites
	B2) Protected areas
	C) Risk for cultural heritage sites

	
	No. of houses
	
	Contaminated sites
	
	Nature Protected areas
	
	UNESCO heritage sites
	

	
	Settlement area (in ha)
	
	Locations of substances
	
	Drinking Water supply areas
	
	Other cultural heritage sites
	

	
	Industrial objects
	
	IED / PRTR-location
	
	Bathing waters
	
	

	
	Industrial area (in ha)
	
	

	
	Possibility for significant damage in the future20: 
	Urbanization21: Yes
	Declaring the area protected: No
	Other Reasons: No


Tables 4.5 to 4.7 include an assessment of the areas in the Adriatic where future urban development may have a negative impact. In the Adriatic basin, increased urbanization in all of the areas which have been identified by historical floods would be expected to have a negative impact on future floods. Therefore, this information should be taken seriously in future spatial planning. Certain flood prone areas which are located in protected areas (UNESCO protection of the Zeta River, Skadar Lake) and any further future protection measures will not be likely to have a negative impact on future floods.

High waters registered after 2010

Hydrological data clearly indicates that following the 2010 flooding events, further high-water events occurred in the River Basin during 2013, 2014, 2018 and 2019 (Table 4.8). Despite the recorded high waters, data for recorded floods is not available. However, the hydrological data have been considered for the identification of the areas of potential significant flood risk (Section 6). 
Table 4.8. High waters registered at hydrological stations in the Adriatic River Basin after 2010
	Year
	Calculated Return Period (Years)

	Watercourse/HS: Zeta, Nikšić, “Duklov most”

	2013
	10

	2014
	10

	2018
	10

	Watercourse/HS: Zeta, “Danilovgrad”

	2019
	10

	Watercourse/HS: Skadarsko jezero, “Plavnica”

	2018
	10

	Watercourse/HS: Bojana, “Fraskanjel”

	2013
	10

	2018
	10


The catchment area of the Sutorina River, which is a transboundary watercourse with Croatia, is identified as an endangered area within the analysis of historical floods. In particular, the Sutorina River in the Municipality of Herceg Novi recorded a flash flood in 2012 affecting Sutorinsko polje and in particular the town of Igalo. However, although this area can be identified as an APSFR, it is not included in Table 4.8 above since there are no hydrological data available in this area and therefore the return periods cannot be calculated. 
4.5 Coastal Flooding

Unfortunately, the small and torrential watercourses and canals are watercourses are not in the network of hydrological monitoring at the state level. Thus, due to the lack of hydrological data, not all of the necessary parameters for defining the potential areas of increased flood risk can be considered. The only one exception is the Sutorina River, as a transboundary watercourse with Croatia, which is under the jurisdiction of the relevant state water institutions. Sutorina river is identified as an APSFR. However, it is currently not possible to propose this area as an APFSR area due to the lack of data on hydrological parameters that define the probability of floods. In the forthcoming period, it is necessary to establish a hydrological station on the river Sutorina in order to provide the missing hydrological data. The importance of flood management on the torrents of the Montenegrin coast certainly deserves appropriate attention, and in the future, it must be the subject of consideration of the manner and conditions of formation of hydrological monitoring on selected watercourses. Considering the types and scope of work on hydrometeorological monitoring in Montenegro, performed by the Institute of Hydrometeorology and Seismology of Montenegro (IHMS), which are significantly increased by obligations arising from the WFD and other international conventions, and the objective capacity of the institution, we believe that the future network for hydrological monitoring on small watercourses of the Montenegrin coast should be in the competence of local self-governments. Of course, this does not mean that a special, separate network of stations is formed, but the obligation of the local government to take over operational tasks related to measurement, monitoring and basic maintenance of equipment and facilities at stations, while further specific processing, data storage in the national database, and other necessary actions for the functioning of this network of stations were within the competence of IHMS.

In the study: "Basic characteristics of small watercourses of the Montenegrin coast" (IHMS, 2013) an analysis of 42 watercourses was made in the area of 6 coastal municipalities, which cause damage during heavy rainfall. From those 42 watercourses, the Consultant has identified those which need to be included in hydrological monitoring by the local self-government (Table 4.9), which would significantly contribute to the necessary activities for water protection and water protection on the Montenegrin coast. 
Table 4.9. Proposal for hydrological monitoring in coastal municipalities 

	Municipality
	Proposed Location and Size of Catchment Area

	· Bar
	· River Željeznica (bridge on the main road) - catchment area of 35 km2
· Rikavac (downstream from the main road) - catchment area of 42 km2


	Budva


	· Grđevica (bridge on the main road) - catchment area of 14 km2
· Vještica (bridge on the main road) - the catchment area of 7 km2
· Bečićka river (bridge on the main road) - catchment area of  9 km2
· Buljarica stream (in Buljaričko polje) - catchment area of 15 km2


	Herceg Novi


	· Sutorina (Igalo, state jurisdiction) - catchment area of 27 km2
· Ljuti stream (settlement Topla) - catchment area of 17.5 km2
· Nemila stream (settlement Nemila - Meljine) - catchment area of  3.5 km2
· Opačica stream (Zelenika) - catchment area of 17 km2


	Kotor


	· Gradiošnica (Tivat airport zone) - catchment area of 11.5 km2
· Koložun (zone Solila) - catchment area of 33 km2
· Jaška river (upstream from location Jaz) - catchment area of 40 km2



5 Climate Change Impacts
5.1 Considerations for the effect of climate change

Global warming policy has always been based on complex computer modelling. And the limitations of modelling in relation to the unknowns of all physical factors have been strengthened when it comes to predicting how the climate will change in the coming decades. However, even though diverse studies of climate change have been conducted, a mutual understanding regarding the standardization of methodologies is not sufficiently consolidated. 

The typical global atmospheric-ocean models of general circulation used today to study climate and climate change range from 100 to 200 km. These models show a satisfactory degree of success in simulating the observed climatic conditions on a planetary and continental scale as well as the increase in mean global temperature, observed during the last decades, conditioned by anthropogenic greenhouse gas emissions. 

Conversely, many local climatic characteristics of certain regions are very dependent on their local physical characteristics, such as complex topography, type of land and vegetation and their distribution, which is typical for Montenegro. Most of these local characteristics cannot be correctly represented in global models, since the scale of the local characteristics of an area is often several times smaller than in area than the global models.

As the assessment of future changes in extreme events in modified climate conditions is a particular challenge, in the first place due to the high degree of vulnerability of the sector to changes in these events but also due to the specificities of adaptation measures to these phenomena, the World Weather Organization made a recommendation in 2009 to monitor and identify changes in extreme weather and climate events. The changes in frequency and characteristics of extreme weather and climate events have been observed since the second half of the 20th century. These extreme events cannot be attributed to long-term climate change, but they can provide valuable predictions of future scenarios through climate models. According to these models, the frequency and intensity of extreme events are likely to increase as a result of climate change and are likely to change rapidly in this century.

Based on the monitoring and assessment of the climate in Montenegro, and the analysis of extremes, 5 measurements for the air temperature and 3 for precipitation were selected from the set of climate indices. These are: number of frost days, number of last days with frost (in the first half of the year) and number of first day with frost (in the second half of the year), number of very warm days, heat wavelength and vegetation period, number of consecutive days without rain, number of consecutive days with rain and number of days with heavy rainfall (greater than 20 mm).

These indices were analysed in the conditions of normal climate, which is considered the period 1961-1990 and in the conditions of projected climate in the periods 2001–2030 and 2071-2100 (marked as A1B scenario simulation). In addition to the 8 indexes mentioned above, a change in the total annual volume of snow and the change of average daily maximum wind speed was analysed. These changes were calculated from the direct output of the EBU-POM model and were expressed in percentage terms compared to the base period (1961-1990) and are presented below.
For the needs of the EBU-POM model, 5 meteorological stations were selected in the Adriatic River Basin at which measurements and observations are performed continuously, namely: Bar, Herceg Novi, Nikšić, Podgorica and Ulcinj.
Temperature Projections

Figure 5.1 shows that the projected temperature for the period 2001–2030 is over 2 degrees in relation to the normal climate, which is considered for the period 1961–1990; for the period 2071-2100 the increase is calculated to be over 3 degrees. 

Figure 5.1. Change of average annual temperature (°C)

2001 - 2030                                                                            2071 - 2100
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Precipitation Projections
Precipitation in the period 2001-2030 is calculated to decrease by 10% in the Adriatic basin in relation to the normal climate, which is considered for the period 1961–1990. For the period 2071-2100 precipitation is calculated to decrease by 10 % in comparison to the present climate profile of the entire Adriatic River Basin (Figure 5.2).
Figure 5.2. Change in precipitation (%)
2001 - 2030                                                                              2071 - 2100
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For the purpose of the PFRA of the particular importance is the current and projected Continuous Wet Days (CWD) Index and the relative intensity of rainfall, i.e., R20mm and R60mm Indexes. Extreme rainfall indicators used for the projections are shown in Table 5.1.

Table 5.1. Rainfall indicators used in the analysis

	Index
	Descriptor
	Definition

	CWD
	Maximum length of wet spell
	Maximum number of consecutive days with precipitation ≥ 1mm

	R60mm
	Number of days with very  heavy rainfall
	Annual number of days with daily precipitation ≥ 60 mm.

	R20mm
	Number of days with heavy rainfall
	Annual number of days with daily precipitation ≥ 20 mm.

	RX5day
	Max 5-day rainfall
	Maximum amount of precipitation in 5 consecutive rainy days

	SDII
	Daily precipitation intensity
	Annual precipitation divided by the number of rainy days (defined as days with precipitation ≥ 1mm) in the year

	CDD
	Consecutive dry days
	Maximum number of consecutive days when the daily rainfall is <1mm


The mean annual values of the CWD index were calculated for the period 1961–1990 for scenario A1B for the periods (2001-2030 and 2071-2100), with the change of this index in relation to the value from the period 1961–1990. The analysis reveals that the rainy period for both periods of time is decreasing, which is in line of all long dry seasons, which will result in possible arid climate conditions in the future. Days with heavy rains (RR20mm) are also predicted to decrease (Table 5.2).
Table 5.2. Mean annual values of the CWD and RR20mm indexes

	Locations
	CWD Index 

(Change relative to 1961-1990)
	RR20mm index

(Change relative to 1961-1990)

	
	1961-1990
	2001-2030
	2071-2100
	1961-1990
	2001-2030
	2071-2100

	Bar
	8
	8 (0)
	8 (0)
	24
	21 (-3)
	16 (-8)

	Herceg Novi
	9
	9 (0)
	8 (-1)
	31
	28 (-3)
	21 (-10)

	Nikšić
	10
	9 (-1)
	9 (-1) 
	31
	26 (-5)
	22 (-9)

	Podgorica
	10
	9 (-1)
	8 (-2)
	26
	23 (-3)
	18 (-8)

	Ulcinj
	8
	8 (0)
	8 (0)
	22
	20 (-2)
	15 (-7)


In addition to model analyses of climate change scenarios, further analysis was conducted by the Department of Hydrometeorology and Seismology for the central and coastal regions of Montenegro for measured precipitation in the period from 1970 to 2017. For future climate projections, the RCP8.5 scenario was used, for which the future impacts of climate change on the climate regions of Montenegro were estimated. 

In the central region (Cetinje, Nikšić and Podgorica) there is a significant decrease of 10% of the highest rainfall. In Nikšić and Podgorica the change in the number of days with very strong precipitation (R60mm) are also evident. The daily intensity of SDII precipitation increases significantly, while in Podgorica the maximum five-day precipitation RX5day is also increasing. There are no significant changes in the consecutive number of dry days.

In the cities of the coastal region (Herceg Novi and Bar) there are no significant changes in indicators of extreme precipitation (R60mm). The number of days with heavy rainfall R20mm and the maximum 5-day precipitation in Herceg Novi are predicted to have a decreased growth trend.

Analysis of the amount of precipitation by the main meteorological stations of both the central and coastal regions shows variability both in space and time. The distribution of precipitation varies from one year to another. Deviations of the average amount of precipitation (in %) in relation to the climatic period 1971-2000 for the central and coastal regions is shown in Table 5.3 on an annual level and by seasons June, July, August and December, January, February. 

Table 5.3.  Deviation of precipitation in % in relation to the period 1971-2000
	Region
	Cities
	Annual
	June-August
	December - February

	Central
	Podgorica
	1
	5
	5

	
	Cetinje
	5
	-4
	16

	
	Nikšić
	3
	0
	18

	Coastal
	Herceg Novi
	6
	-5
	15

	
	Bar
	5
	-1
	14

	
	Ulcinj
	3
	-6
	6


Analyses conducted in the second national report of Montenegro on climate change according to the UN Framework Convention on Climate Change (UNFCCC) indicated the following:

· The largest decrease is on the coast, especially in the municipality of Herceg Novi during the period (2071-2100). This result is in favour of a future drier climate, i.e., a change in the precipitation regime. Namely, the decrease in the number of days with heavy rainfall and the increase in rainfall during those days indicates a higher intensity of precipitation in the future, which is in line with the results of the SRES report, as well as the results of other research on possible intensification of weather disasters. etc. This increase in precipitation intensity can significantly affect the increased number of floods in the future.

· The climate projections revealed that changes in the total annual snowfall are negative for both time periods (2001-2030 and 2071-2100). This reduction in the annual amount of snow is greater than the reduction in the total amount of precipitation, which is expected considering that due to the increase in air temperature, snowfall will be deposited in the form of rain. For the period (2001–2030) these changes will be less 30% in the southern and coastal areas of Montenegro, compared to the period (1961–1990). 

· In the southern areas the amount of snow will be 50% lower and in the extreme southeast of the coast there will be almost no snow compared to the quantities from the period (1961-1990).

Having in mind the situation with snow and increasing rainfall, in case of realization of the foreseen climate scenarios by the end of this century, an increased number of flood waves are expected, as well as changes in the flood regime: volume, duration, energy of flood wave.

In general, it can be concluded that flood events will be both more frequent and more intense, as a consequence of climate change. 

During the preparation of the relevant flood risk assessments, the expected impacts of climate change were considered within one extreme flood scenario (500-year return period). The analysis included all proven or known, or estimated future impacts, including the effects of climate change.
5.2 Climate change impacts
The scenarios of climate change in the Adriatic basin and the consequences for hydrology, both in terms of increasing floods and longer low water periods and lack of water during the dry season are generally accepted. 

In relation to hydrology, data obtained from the climate models described above were input to the hydrological models in order to calculate the effective change in water quantities in watercourses. Data indicating an increase in flows in the Adriatic basin were obtained, However, climate scenarios are only approximations of reality and cannot consider all of the influencing factors, i.e., they do not offer definitive predictions about specifics future events, rather than showing a wide range of possible future developments.
During this flood risk assessment, the expected impacts of climate change were considered by applying one extreme flood scenario (extreme flood recovery period ≥500 years). It includes all proven or known, or estimated future impacts, including climate change impacts. The impacts of climate change on the identification of areas with potentially significant flood risk are fully covered by working on scenarios of extreme flood events. 

For considerations on climate change in the Preliminary Flood Risk Assessment, we can conclude the following:

· Having in mind all available data in Montenegro, as well as the experiences of other countries that we analyzed and an objective judgment on the data on the impact of climate change in this part of Europe, we can conclude that we do not have enough reliable data to quantify hydrological parameters (water level and flow) on the basis of the indicated changes in meteorological parameters in the foreseen scenarios. Preliminary flood risk assessment is by its nature based on existing data and is performed without “advanced hydrometeorological modeling” (if such information does not exist).
· Any hydrological model should consider not only the obtained data formats from climate models (primarily precipitation) related to the analysis of predicted climate change scenarios, but the whole set of data. This includes precipitation and snow cover, the duration of rain series over the entire catchment area, previous hydrological conditions in the field, changes that will occur in the basin due to natural and anthropogenic factors, etc.
· At this point we can only state the following: In general, it can be concluded that flood events will be both more frequent and more intense, as a consequence of climate change. Thus, although the reduction of total annual precipitation in most parts of Montenegro is expected, in the future short heavy rainfall, often combined with snowmelt and soil saturation, is expected to cause a higher risk of torrential floods caused by an increase in surface runoff.
6 Identification of Areas of Potentially Significant Flood Risk (APSFR)
6.1 Methodology

The PFRA provides a high-level summary of significant flood risk for the RBD, based on available and readily derivable information. The PFRA is the first step in delivering a FRMP. The PFRA should cover historical flood events and the potential for future flood events that may have a significant adverse consequence on either, human health, the environment, cultural heritage, or economic activity. Flood-specific data such as historical flood information, geographic data, urban planning information, population statistics, economic activities, digital terrain models (DTM), hydrological and meteorological information, civil protection information and other national data was used to prepare the PFRA. This information is then used to identify the Areas of Potential Significant Flood Risk (APSFR), which are the areas that will be the priority for more detailed flood risk management assessment in the flood maps and FRMP stages.

Generally, the identification of areas at potential significant flood risk follows three main working steps (Figure 6.1): 

1. Determination of the initial river network: the river network is taken from the Adriatic basin Management Plan. In addition, a validation with Open Street Map (OSM) data and with satellite images ensured the correctness. The whole relevant river network is processed in one GIS project and validated to be used for the further filtering process.

2. Determination of the river network that might have flood risk (filtering out not relevant river stretches according to negative criteria like size of the catchment, length of the stretch or characteristics of the riverbanks or flood plains (very steep or canyons, only 100% rural land uses). Here the threshold for the relevant catchment area was determined in an iteration using 50 km², 30 km², 20 km² and 10 km². The threshold of 10 km² results in a river network including many stretches which are dry for most of the year. So, 20 km² was determined as an adequate threshold for relevant river stretches. Nevertheless, smaller river sections were evaluated. All flooding along river stretches with catchments <20 km² the flood event can be defined as flash flooding or heavy rain event, while >20 km² is defined as river floods.

3. Assessment of the remaining river network in terms of potentially affected assets at risk, land uses or risk of pollution in case of floods and comparison with agreed significance criteria. The results are river stretches at potential risk, named: “Areas of Potential Significant Flood Risk” (APSFR).

Figure 6.1.  Work steps of the preliminary flood risk assessment for the identification of areas with potential significant flood risk
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The determination of the areas of potential significant flood risk is based on the analyses of the river sections, for which, from recent events, damage potential has to be expected and added by those stretches of the river network in which floods may have adverse consequences on human life, economy, ecology, or cultural heritage. For the single assets at risk, the significance of the risk is checked stepwise.

For the assessment steps the significance criteria are used, which cover all considerable assets at risk. Each step is linked to one criterion. Thus, the potential significant risk in each area is systematically checked and documented with the respective criteria in fact sheets
.

According to the specifications of the Floods Directive, four groups of assets at risk shall be considered in flood risk management and in the preliminary flood risk assessment. The risk assessment and consequent risk reduction measures shall aim at all four groups of receptors and according to indicators, as shown in Table 6.1.

Assets at risk were determined to identify potential significant risks for all risk receptors. Significance criteria and the threshold define what is identified as potential significant (Table 6.2). 

Table 6.1. Risk receptors and risk indicators 

	Risks
	Example for flood risk indicators

	Human Health 
	· Number of residential properties. 
· Critical services (Hospitals, Police/Fire/Ambulance Stations, Schools, Nursing Homes, etc.). 

	Economic Activity 
	· Number of non-residential properties. 
· Length of road or rail. 
· Area of agricultural land. 

	Environment 
	Designated sites (water protection areas, areas with water pollutant substances) and flora / fauna according to the EU-habitat directive 

	Cultural Heritage 
	Cultural heritage sites (e.g., World Heritage Sites). 


Table 6.2. Significance criteria for the PFRA

	Assets at Risk and Significance Criteria
	Receptors
	Significance Criteria
	Threshold of Significance

	
	Human Health
	Economic Activity
	Environment
	Cultural Heritage
	
	

	A) Human Health, economic values

	No. of houses
	x
	x
	
	
	Existing area or area in the flood area of the extreme event
	( 10

	Settlement area
	x
	x
	
	
	
	( 0.5 ha

	Industrial objects
	
	x
	
	
	
	( 1

	Industrial area
	
	x
	
	
	
	( 0.5 ha

	Critical/valuable agricultural assets
	
	x
	
	
	
	Case to case

	B) Environmental Risks

	B1 - Water Polluting Substances / Sites

	Contaminated sites
	
	
	x
	
	Existing object at risk (extreme event scenario)
	( 1

	Locations dealing with specific substances
	
	
	x
	
	
	( 1

	B2 – Protected Areas

	Nature protected areas (e.g. Natura 200 etc.)
	
	
	x
	
	Existing assets at risk (extreme event scenario)
	( 1

	Drinking water supply
	x
	
	x
	
	
	( 1

	Bathing waters
	x
	
	
	
	
	( 1

	C) Risk for Cultural Heritage Sites

	UNESCO heritage sites
	
	
	
	x
	Existing assets at risk (extreme event scenario)
	( 1

	Other relevant cultural heritage sites
	
	
	
	x
	
	( 1


For all areas in which floods have ever been observed and in which flood risk can be expected, evaluations are done to assess if the risk for one of the receptors exceeds the threshold (= significant, coloured in red) on not (= not significant, coloured in green). 

Significance criteria for human health and economic values

An essential factor for the assessment of adverse consequences of flood events and their significance according to the Directive is the extent of risks for settlements, trade, and industry areas. This also reflects the respective damage potential in the areas. 

To determine the significance threshold for human health and economic values the economic damage potential – if assessments are existing – may be used. Alternatively, here a threshold of ca. 0.25 Million€ is used with the assumption that this damage can be reached by flooding 10 or more houses (leaving water depth and damage functions out of the estimations). If only housing area size can be assessed the approximate of 0.05 ha per house, consequently 0.5 ha of housing area is considered to be the threshold for a potential significant risk. 

In addition, risk for agricultural areas or agricultural assets is determined significant when in local or regional context substantial economic damage is possible that can ruin the basis for the existence of farmers. This includes vulnerable special crops, animals, and machinery. The assessment of these criteria was done by expert judgement (significant agricultural risk areas or objects).

A fixed threshold or limit for the flood agricultural area or economic risk for agriculture is not used in the PFRA because:

· Economic data are not available (especially not for the whole River Basin).

· Damage values in agriculture depend, like for all other land uses, but here much more, on the induvial situation: grassland, cropping or special cultures or even structures cannot be assessed by the size of the inundated area.

· The individual agricultural land use can change from year to year and can consequently not be used as criteria for a flood risk management process that is determined to take 6 years.

· If agricultural land use would be used as a significance criterion almost all inundated areas in a River Basin would have to be determined as significant. This would result in the need of a very large hazard and risk mapping plan area and flood risk management plans accordingly.

Retrospectively, based on different risk area assessments, it can be stated that no APSFR would have added or reduced due to the aspect agricultural values at risk, according to the expert assessments. 

Specific damage potentials result from different factors like population density, specific real estate values and added value and differ from location to location. These aspects need to be considered when preparing detailed risk maps. For the preliminary flood risk assessment, the use of the named indicators is sufficient to determine areas of potential significant flood risk. 

Significance criteria for environmental risk

Adverse consequences of flooding for a River Basin mainly occur if water polluting substances are mobilised by flood water entering rivers or lakes. Thus, the most important assets at risk in this respect are contaminated sites (soil) and locations for storing or using water pollutant substances. The highest environmental risk can be found if water pollutions meet most vulnerable natural areas, like nature conservation areas or protected natural sites. Thus, the assessment of significant risks includes the steps B1 “River sections with locations or facilities to store water polluting substances” and B2 “River sections with significant risk for protected areas”.

Significance criteria for cultural heritage

In the course of the verification step C “River sections with important or UNESCO cultural heritage” the significance of the risk of flood events is assessed by: 

· UNESCO world heritage sites are classified as significant if damage as consequence of flooding is possible.

· River sections with at least one cultural heritage site or object with special regional or national importance if damage as consequence of flooding is possible.
Collection and documentation of risk information for the APSFR

Based on the evaluation of recorded and documented past flood events and including local knowledge and expert judgement areas or stretches of rivers with damages in flood events or potential (observed) risk were identified. For these areas all available information and data on flooding, land use, objects at risk and urban or infrastructure planning were collected and analysed. The data were assessed and compared with the significance criteria. The results are documented in Table 6.3.
For the whole River Basin, the river network is analysed (based on the available digital terrain models – DTMs), to identify all river sections with a catchment area >20 km². For the remaining parts the potential flood corridor was constructed. Land use and assets at risk according to the significance criteria were evaluated for the inundation areas. Thus, a second set of data was created for all potential risk areas to prove or validate the data and results collected for the fact sheets. 

Based on the comprehensive documentation of hazard information, risk information and assessment steps, the determination of each single APSFR is made transparent. 

6.2 Identification of APSFR

The results of the preliminary flood risk assessment are the starting point for determining the area of potentially significant flood risks. Determining the APSFR is the last step in the planning cycle when flood risks are observed in the same way on the entire state territory.

Based on the analysis described above, six APSFR in the Adriatic basin area have been defined. All data provided in Figures 6.3 to 6.8 indicate the APSFR zones, which incorporate the calculated extent of the 500-year return period
.
The APSFR are located in each Sub-Basin as follows: the area of the small basin of the river Zeta (2), the area of the small basin of the river Morača/Skadar Lake (1), the area of the small basin of the Skadar Lake (2, including one directly from groundwater - Cetinje), and the area of the small basin of the river Bojana (1). A summary overview of the location of each APSFR in the Adriatic River Basin is presented in Figure 6.2.

The APSFR for the Adriatic are distinguished as follows:

· APSFR20_ ARB_Zeta 01(Figure 6.3)
· Municipality: Nikšić
· Town/Settlements Included in APSFR: Nikšić Town/ Kličevo, Ozrinići, Poljica, Štedim and Straševina.
· Flood Source, Mechanism and Characteristics
: 
· Source: Fluvial (A11), Pluvial (A12), Groundwater (A13): 

· Mechanism: Natural Exceedance: Flooding of land by waters exceeding the capacity of their carrying channel or the level of adjacent lands (A21)
· Characteristics: Torrential flood: A flood that appears and disappears fairly quickly, with little or no warning, usually as a result of intense rainfall over a relatively small area (A31)
· Types of Areas Affected: Agricultural, Urban,Industrial,Mineral extraction and dump sites, Transport.
· Comments: This APSFR was defined by the historical floods. HPP “Perućica” is the oldest large hydropower plant in Montenegro and was put into operation in 1960. It is named after the well Perućica, which originates in the vicinity of hydroelectric power plant. For electricity production, HPP “Perucica” uses water catchment of river Gornja Zeta, which is water that flows into Nikšić field. HPP "Perucica" consists of the following facilities: accumulations "Krupac" and "Slano" and retention "Vrtac" and the system of channels (Moštanica, Opačića, Zeta I and Zeta II). The management of reservoirs should be such that they can reduce the flood wave that is reflected downstream.

· APSFR21_ARB _Zeta 02 (Figure 6.4)
· Municipality: Danilovgrad
· Town/Settlements Included in APSFR: Danilovgrad/Pažići, Glavica, Spuž, Podanje, Visko polje, Bogićevići, Livade Bandićke, Gorica, Grlic, Strahinjici, Podkraj.
· Flood Source, Mechanism and Characteristics: 
· Source: Fluvial (A11), Pluvial (A12) 
· Mechanism: Natural Exceedance: Flooding of land by waters exceeding the capacity of their carrying channel or the level of adjacent lands (A21),
Characteristics: Torrential flood: A flood that appears and disappears fairly quickly, with little or no warning, usually as a result of intense rainfall over a relatively small area (A31)
· Types of Areas Affected: Agricultural, Urban,Industrial, Mineral extraction and dump sites, Transport
· Comments: The APSFR was defined by the historical floods.
· APSFR22_ ARB _ Groundwaters of Cetinje field01 (Figure 6.5)
· Municipality: Municipality of Cetinje.
· Flood Source, Mechanism and Characteristics: 
· Source: Pluvial (A12) and Groundwater (A13):
· Mechanism: Natural Exceedance: Flooding of land by waters exceeding the capacity of their carrying channel or the level of adjacent lands (A21)
· Characteristics: Torrential flood: A flood that appears and disappears fairly quickly, with little or no warning, usually as a result of intense rainfall over a relatively small area (A31)
· Town/Settlements Included in APSFR: Cetinjsko polje (Donje polje) 
· Types of Areas Affected: Urban, Industrial, Agricultural
· Comments: No documented/assessed events. However, the risk area has not been systematically assessed yet; based on local knowledge and local experiences the groundwater potentially causes problems, thus this area should be determined as APSFR to be further investigated.
· APSFR23_ARB 4_ Morača I Skadarsko jezero (Figure 6.6)
· Municipalities: Podgorica and Tuzi.
· Flood Source, Mechanism and Characteristics: 
· Source: Fluvial (A11), Pluvial (A12)
· Mechanism: Natural Exceedance: Flooding of land by waters exceeding the capacity of their carrying channel or the level of adjacent lands (A21)
· Characteristics: Torrential flood: A flood that appears and disappears fairly quickly, with little or no warning, usually as a result of intense rainfall over a relatively small area (A31)
· Cities/Town/Settlements Included in APSFR: Gostilj, Kurilo, Ponari, Pothum, Tuzi, Vranjina, Bijelo Polje, Berislavci i Bistrica. 
· Types of Areas Affected: Agricultural, Urban, Mineral extraction and dump sites, Industrial, Transport
· Comments: The APSFR was defined by the historical floods. Floods in the municipalities of Golubovci and Tuzi are mostly endangered by large areas of land  along the periphery of the Skadar Lake and in the lower flow zone of the Morača River. The flood zone is part of the National Park "Skadar Lake".
· APSFR24_ ARB_ Skadar Lake02 (Figure 6.7)
· Affected regions/locations: Municipality of Podogrica, Cetinje and Bar 
· Flood Source, Mechanism and Characteristics: 
· Source: Fluvial (A11), Pluvial (A12)
· Mechanism: Natural Exceedance: Flooding of land by waters exceeding the capacity of their carrying channel or the level of adjacent lands (A21)
· Characteristics: Torrential flood: A flood that appears and disappears fairly quickly, with little or no warning, usually as a result of intense rainfall over a relatively small area (A31)
· Settlements Included in APSFR: Boljevići, Dodoši, Dupilo, Karuč, Krnjice, Prevlaka, Rijeka Crnojevića, Virpazar, Žabljak Crnojevića.
· Types of Areas Affected: Mineral extraction and dump sites, Agricultural
· Comments: This APSFR was defined by the historical floods. Major damage was on orchards and vineyards, boats and fishing material and a part of livestock and food for livestock also disappeared. Infrastructure facilities were endangered by the Old Bridge on Rijeka Crnojević and three bridges on the road of Rijeka Crnojevića - Virpazar. Also, the pumping station of the Cetinje Water Supply in Podgora was endangered, from where Cetinje is supplied with water. The flood zone is part of the National Park "Skadar Lake".
· APSFR25_ARB_Bojana01 (Figure 6.8)
· Affected regions/locations: Municipality of Ulcinj / Lisna Bori to Gornji Stoj.
· Flood Source, Mechanism and Characteristics: 
· Source: Fluvial (A11), Pluvial (A12)
· Mechanism: Natural Exceedance: Flooding of land by waters exceeding the capacity of their carrying channel or the level of adjacent lands (A21), Defence Exceedance: Flooding of land due to floodwaters overtopping flood defences (A22)
· Characteristics: Torrential flood: A flood that appears and disappears fairly quickly, with little or no warning, usually as a result of intense rainfall over a relatively small area (A31)
· Settlements Included in APSFR: Part of Sukobin, Lisna Bori, Fraskanjel, Šas, Štodra, Sv. Đorđe, Reč, Sutjel, Sv. Nikola and Ada Bojana.

· Types of Areas Affected: Agricultural, Urban
· Comments: This APSFR was defined by the historical floods. The biggest areas of land and private facilities near the river Bojana are endangered. It is primarily about ground-level houses and houses with a maximum of one to two floors, as well as large plantations of fruits and vegetables.
Table 6.3 provides a summary of each APSFR according to the coding schema for EU guidelines for reporting APSFR for the preliminary flood risk assessment
. The schema includes specific coding to characterise the following: the cause of floods, flood mechanisms, and the impact of flood events on risk receptors of human health, environment, cultural heritage, and economic activity. A description of each code is presented in Table 6.4. 

Table 6.3. APSFR for Adriatic River Basin according to the EU Schema
	             APSFR  Code
	Catchment area
	River / Tributary 
	Year
	Period
	Flood Sources
	Flood Mechanism
	Flood Characteristics
	Affected Regions / locations
	Settlement/ village
	Human Health
	Environment
	Cultural Heritage
	Economic Activity

	APSFR20_ARB_Zeta01 
	Upper Zeta
	Zeta
	2010
	December
	A11, A12, A13
	A21 
	A31
	Municipality of Niksic
	Kličevo, Ozrinići, Poljica, Štedim and Straševina
	B11, B12
	B25
	B34
	B41, B42, B43, B44

	APSFR21_ARB_Zeta02 
	Lower Zeta
	Zeta
	2010
	December
	A11, A12
	A21
	A31
	Municipality of Danilovgrad
	Pažići, Glavica, Spuž, Podanje, Visko polje, Bogićevići, Livade Bandićke, Gorica, Grlic, Strahinjici, Podkraj.
	B11, B12
	B25
	B34
	B41, B42, B43, B44

	APSFR22_ARB_ Groundwaters of  Cetinje field01
	 Skadar lake
	- Groundwater
	1986
	December 
	A12, A13
	A21
	A31
	Municipality of Cetinje
	Cetinje field (Donje polje)
	B14
	B25
	B34
	B41, 

	APSFR23_ARB _Moraca and  Skadar lake01
	Moraca and Skadar lake
	Moraca
	2010
	December
	A11, A12
	A21
	A31
	Municipality of Podgorica
	Gostilj, Kurilo, Ponari, Pothum, Tuzi, Vranjina, Bijelo Polje, Berislavci I Bistrica
	B11, B12
	B22
	B34
	B41, B42, B43, B44

	APSFR24_ARB Skadar lake02 
	Skadar lake
	-
	2010
	December
	A11, A12
	A21
	A31
	Municipalities of Podogrica, Cetinje and Bar
	Boljevici, Dodosi, Dupilo, Karuc, Krnjice, Prevlaka, Rijeka Crnojevica, Virpazar, Zabljak Crnojevica,
	B11, B12
	B22
	B34
	B41, B42, B43, B44

	APFSR25_ARB_Bojana01
	Bojana 
	Bojana
	2010
	December
	A11, A12
	A21, A22
	A31
	Municipality of Ulcinj
	Fraskanjel, Gornji Štoj, Lisna Bori, Sveti Đorđe, Sukobin; Bank of the Bojana River, Ada Bojana
	B11, B12
	B22
	B34
	B41, B42, B43, B44


Table 6.4. Description of APSFR codes
	Flood Sources
	· A11 - Fluvial 

· A12 - Pluvial

· A13 - Groundwater 

· A14 -  Sea water

· A15 - Artificial Water

	Flood Mechanism
	· A21 - Natural Exceedance: Flooding of land by waters exceeding the capacity of their carrying channel or the level of adjacent lands.

· A22 - Defence Exceedance: Flooding of land due to floodwaters overtopping flood defences.

· A23 - Defence or Infrastructural Failure: Flooding of land due to the failure of natural or artificial defences or infrastructure. This mechanism of flooding could include the breaching or collapse of a flood defence or retention structure, or the failure in operation of pumping equipment or gates.

· A24 - Blockage / Restriction: Flooding of land due to a natural or artificial blockage or restriction of a conveyance channel or system. This mechanism of flooding could include the blockage of sewerage systems or due to restrictive channel structures such as bridges or culverts or arising from ice jams or landslides. 

· A25 - Other: Flooding of land by water due to other mechanisms, for instance wind setup floods.

· A26 - No data available on the mechanism of flooding.

	Flood Characteristics
	· A31 - Torrential flood: A flood that appears and disappears fairly quickly, with little or no warning, usually as a result of intense rainfall over a relatively small area.

· A32 - Spring flood due to melting snow: Flooding due to rapid melting of snow, possible in combination with precipitation or ice plug.

· A33 - Second flash flood: A flood that occurs rapidly and does not fall into the category of torrential floods.

· A34 - Medium-Rapid Flood: The onset of flooding that occurs more slowly than a sudden flood.

· A35 - Slow-on Flood: A flood that takes a long time to form A36 - Sediment flow: A flood that transports large amounts of sediment.

· A37 - Rapid flow: A flood in which flood waters flow at high speed.

· A38 - Deep flood: A flood in which flood waters are of significant depth.

· A39 - Other characteristics.

· A40 - Flood characteristics data not available.

	Human Health


	· B11 - Human Health: Adverse consequences to human health, either as immediate or consequential impacts, such as might arise from pollution or interruption of services related to water supply and treatment and would include fatalities.

· B12 - Community: Adverse consequences to the community, such as detrimental impacts on local governance and public administration, emergency response, education, health, and social work facilities (such as hospitals).

· B13 - Other

· B14 - Not applicable

	Environment


	· B21- Waterbody Status: Adverse consequences ecological or chemical status of surface water bodies or chemical status of ground water bodies affected, as of concern under the WFD. Such consequences may arise from pollution from various sources (point and diffuse) or due to hydromorphological impacts of flooding.

· B22 - Protected Areas: Adverse consequences to protected areas or waterbodies such as those designated under the Birds and Habitats Directives, bathing waters, or drinking water abstraction points.

· B23 - Pollution Sources: Sources of potential pollution in the event of a flood, such as IPPC and Seveso installations, or point or diffuse sources.

· B24 - Other potential adverse environmental impacts, such as those on soil, biodiversity, flora, and fauna, etc.

· B25 - Not applicable

	Cultural Heritage


	· B31 - Cultural Assets: Adverse consequences to cultural heritage, which could include archaeological sites / monuments, architectural sites, museums, spiritual sites, and buildings.

· B32 - Landscape: Adverse permanent or long-term consequences on cultural landscapes, that is cultural properties which represents the combined works of nature and man, such as relics of traditional landscapes, anchor locations or zones.

· B33- Other

· B34 - Not applicable

	Economic Activity


	· B41 - Property: Adverse consequences to property, which could include homes. 

· B42 - Infrastructure: Adverse consequences to infrastructural assets such as utilities, power generation, transport, storage, and communication.

· B43 - Rural Land Use: Adverse consequences to uses of the land, such as agricultural activity (livestock, arable and horticulture), forestry, mineral extraction, and fishing.

· B44 - Economic Activity: Adverse consequences to sectors of economic activity, such as manufacturing, construction, retail, services, and other sources of employment.

· B45 - Other

· B46 - Not applicable


Figure 6.2. A summary overview of all APSFR in the Adriatic River Basin

Figure 6.3. APSFR20_ARB_Zeta01
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Figure 6.4. APSFR21 ARB_Zeta02
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Figure 6.5. APSFR22_ ARB _ Groundwater of the Cetinje field
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Figure 6.6. APSFR23_ ARB _ Morača and  Skadars Lake01
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Figure 6.7. APSFR24_ARB_ Skadar Lake02
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Figure 6.8. APSFR25_ARB_Bojana01
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7 Conclusions
The following conclusion can be drawn from the Preliminary Flood Risk Assessment of the Adriatic River Basin:
1. The legal Basis for undertaking the Preliminary Flood Risk Assessment

Based on a legal review, it can be concluded that the transposition of requirements from the EU Floods Directive into national legislative framework for the Preliminary Flood Risk Assessment in Montenegro has been achieved in all relevant areas.
Apart from strictly legislative framework, with respect to the overall strategy of flood management there is a clear need for streamlining the objectives and recommendations by identifying one umbrella strategy, most likely the National Plan of Protection and Rescue from Flooding. All other strategy documents should be aligned with the objectives set by the chosen overarching policy and update regularly in accordance with latest amendments of such policy.
2. The adequacy of data required to conduct the PFRA
The PFRA should cover historical flood events and the potential for future flood events that may have a significant adverse consequence on either, human health, the environment, cultural heritage, or economic activity. Flood-specific data such as historical flood information, geographic data, urban planning information, population statistics, economic activities, digital terrain models (DTM), meteorological information, civil protection information and other national data is required to prepare the PFRA. This information is then used to identify the Areas of Potential Significant Flood Risk (APSFR), which are the areas that will be the priority for subsequent detailed flood risk management assessment during the preparation of  the flood maps and FRMP stages.

Historical hydrological data related to the recorded high (potential) flood waters on the network of hydrological stations in the Adriatic River Basin were analysed from 1952 when water level measurements began on rivers. Since the early 1950s, five events have been registered with flows of a calculated return period of 100 years. However, the most common high-water flows in the Adriatic basin were calculated with a 10-year return period, occurring 56 times to date. 

Despite the fact that the historical hydrological data assessment indicates that flooding in the Adriatic basin would have occurred on multiple occasions in the past, there are no official data before 2010 detailing the extent of the inundated areas of flood waters or damage to property. 

The only information available that can be used for the PFRA relates to the historical flooding event that occurred in late 2010/early 2011 where flood events were recorded within 8 municipalities (Bar, Cetinje, Danilovgrad, Golubovci, Nikšić, Podgorica, Tuzi and Ulcinj). 
The recorded data of late 2010/early 2011 include the areas of inundation caused by flood waters, the number of persons affected, a description of the damage to residential and business properties together with a record of the damage to cultural assets in the area. The recorded data thereby allow for the determination of the significance of the potential risks in relation to human health, environmental and cultural criteria at each location of recorded flooding. 

Notwithstanding the lack of detailed data to document historical flood events, the data from late 2010/early 2011 is invaluable for the Preliminary Flood Risk Assessment. 
For the purpose of producing the PFRA, all 11 hydrological stations (HS) the Adriatic basin relating to the major rivers were chosen as relevant for analysis. A statistical analysis was performed using the method of annual extremes to calculate the probability that 10%, 1% and 0.2%, i.e., return periods of 10, 100 and 500 years. The results were calibrated based on the 2010 flood data, which are considered to be the largest floods recorded. A comparison was also made with the results obtained through the GIZ funded project, ‘Climate Change Adaptation in Transboundary Flood Risk Management for the Western Balkans’ and it was concluded that the results matched. 
For data analysis, DEMs obtained from Airbus D&S and from the Real Estate Administration in Montenegro. together with available information on the Internet (Open Street Map, 2018) and the Corine Land Cover (2012) map were also considered.

Based on the analysis of all the above data, 6  APSFR in the Adriatic basin area were defined and represented in GIS format. These included areas in the following areas: the area of the small basin of the river Zeta (2), the area of the small basin of the river Morača/Skadar Lake (1), the area of the small basin of the Skadar Lake (2, including one directly from groundwater) and he area of the small basin of the river Bojana River (1). 

A further area that can be considered for the APSFR is the Sutorina River, which is a transboundary watercourse with Croatia, is identified as an endangered area within the analysis of historical floods. However, although this area can be identified as an APSFR, the APSFR is not defined since there are no hydrological data available in this area and therefore the return periods and the extent of flooding cannot be calculated. The need for hydrological measurements for the Sutorina River catchment is evident. 
Unfortunately, the small and torrential watercourses and canals are watercourses are not in the network of hydrological monitoring at the state level. Thus, due to the lack of hydrological data, not all of the necessary parameters for defining the potential areas of increased flood risk can be considered. The importance of flood management on the torrents of the Montenegrin coast certainly deserves appropriate attention, and in the future, it must be the subject of consideration of the manner and conditions of formation of hydrological monitoring on selected watercourses. The Consultant has identified a total of 13 locations for hydrological stations that are required to be installed and operated in the Municipalities of Bar (2), Budva (4), Herceg Novi (4) and Kotor (3). 
3. Forecasting of future flood Events

Based on climate precipitation projections, in general, it can be concluded that flood events will be both more frequent and more intense, as a consequence of climate change. Thus, although the reduction of total annual precipitation in most parts of the River Basin is expected, in the future, short heavy rainfall, often combined with snowmelt and soil saturation, is expected to cause a higher risk of torrential floods caused by an increase in surface runoff. 

During the flood risk assessment, the expected impacts of climate change were considered by applying one extreme flood scenario (extreme flood recovery period ≥ 500 years), which  included all proven or known, or estimated future impacts, including climate change impacts. The impacts of climate change on the identification of areas with potentially significant flood risk are fully covered by working on scenarios of extreme flood events. 

8 Annex 1 Data and information Analysis

Starting with the fact that the Preliminary Assessment of Flood Risk is practically the first step in the process of preparing the Flood Risk Management Plan and that its development was defined by the available information, it was necessary to analyse the data obtained and determine the shortcomings and challenges for the realization of the preliminary assessment. 
In November 2018, the document ‘Preliminary Flood Risk Assessment for the Drim / Drim - Buna / Bojana River Basin’ was adopted. This document was prepared by the GIZ within the project ‘Climate Change Adaptation in Transboundary Flood Risk Management for the Western Balkans’ (CCAWB). This document covered two thirds of the Adriatic basin in Montenegro. All results of the GIZ PFRA, which cover 2/3 of the Adriatic River Basin, are included. 

Based on the available data and information, the preparation of the PFRA included the following analysis: 
· Inventory of existing flood defence infrastructure.
· A study on high water hydrology (results of calculation of the probable of high waters by method of annual maximums for hydrological stations of the Adriatic basin).
· Modelling and outputs. 

· APSFR Spatial Display Process Method.
8.1 Inventory of existing flood defense infrastructure
As a source of information in the preparation of this material, the documents adopted by the state and local authorities, as well as the prepared project documentation were used, as follows:

· National Flood Protection and Rescue Plan, 2019.
· Flood protection and rescue plans for the municipalities of Budva, Cetinje, Danilovgrad,  Herceg Novi, Kotor, Nikšić and Podgorica.
· Report on the implementation of the project "Emergency measures for flood prevention and rehabilitation", 2014.
· Study for the rehabilitation of the embankment and ensuring the passability of the Bojana riverbed, 2011.

All available information on facilities built in the middle of the last century were used. In the document prepared under this current project ‘Inventory of the existing flood protection infrastructure’, all locations where works on flood protection infrastructure were performed are provided descriptively and provided in GIS maps. 

8.2 Analysis of high waters

The task of hydrological analysis of high waters was to determine the probable occurrence of critical events. High water analyses and calculations depend on the statistical analysis of available data. On insufficiently studied basins it is necessary for high waters to be accounted for based on precipitation data, i.e., based on the rainfall.

Statistical analysis of high waters is a tool for linking the size of high waters to the probability of appearance. In practice, this is most commonly conducted on a series of maximum annual flows/water levels. The probable occurrence of high waters is most often expressed as the annual probable to overcome p(x) i.e., the average of the annual maximum exceeds x. The return period (in years) T(x) is the reciprocal value of this probable and represents the expected number of years for which flow/water level x will be exceeded at least once. The underlying problem in the statistical analysis of high waters is the short historical sequences and processing period, on which the values of the high waters depend. Another significant problem is the incurability in the low- probable high-water ratings, the occurrence of the extraction of the high water scattered beyond the range of observed values.

For the purpose of producing the PFRA 11 hydrological stations (HS) from the Adriatic Basin have been selected. Data from existing and historical hydrological stations were used for the analysis of high-water levels (Figure 8.1 and Table 8.1). The data for the selected HS has been provided by the Institute of Hydrometeorology and Seismology of Montenegro. In the preparation of this analysis, it was necessary to consult experts from the Hydrological Analysis Department, as the information relating to the history of the HS work, the method of measurement and observation were of crucial importance for the preparation of this Study. For certain HS input sequences are shorter than the actual available. The reason for this was to take account of the change in the location of the certain stations, as well as the evident disturbed natural flow regime on certain profiles. 

After the final adoption of the data for the calculation, a statistical analysis was performed using the method of annual extremes and calculated the probability that 10%, 1% and 0.2%, i.e., return periods of 10, 100 and 500 years. To describe the law of distributing maximum  annual data, multiple theoretical distribution functions (Log Pearson III, Pearson III, In, Gumbel and GEV) were used. 
For the needs of this project, the computational processing of the available data series from 11 hydrological stations was performed. Statistical analysis of hydrological extremes yielded models (probability distributions) that describe the X-P relationship well enough in the observed data set. The adopted values of the water level and flow for all 11 hydrological stations which were obtained by statistical analysis are shown In Table 8.1.
Further analysis yielded the required computational flows HQ10, HQ100 and HQ500 for all listed measurement profiles. The correlation of the calculated values of HQ10, HQ100 and HQ500 on the measuring profile with the characteristic upstream/downstream profiles was performed by a rational method.
The hydraulic model HEC-RAS was used to calculate the flood lines. Data on the geometry of the riverbed (topography of the main riverbed and inundation) were obtained from a digital terrain model (resolution 5m) (source: Real Estate Administration of Montenegro). The model does not include river regulations, or any other work performed after the development of the subject DEM. Calibration of the model was performed based on 2010 flood data. Using a cross-section of the water mirror plane with a digital terrain model we obtained spatial data for the display of flooded areas, in the form of polygons, and the display of depths, in raster form. This data was used (as shape files) for further processing in the Quantum GIS program. It is important to note that the accuracy of the hydraulic watercourse model largely depends on the resolution of the digital terrain model (DMT). 
Figure 8.1  Overview of analyses hydrological stations on watercourses Montenegro
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Table 8.1. Hydrological stations in the Adriatic River Basin used for computational flow analysis. Adopted values of water level (H) / flow (Q) obtained by statistical analysis for the annual probability of occurrence of 10, 1 and 0.2% (T = 10 years; T = 100 years; T = 500 years).
	HS
 Station
	Watercourse
	River Basin
	Longitude
	Latitude
	m.a.s.l

	H(cm)

	Q(m3/s)

	
	10%
	1%
	0,2%
	10%
	1%
	0,2%

	Sastavci
	Zeta
	Morača
	42°  49'  12"
	18°  55'  6"
	617.5
	ND

	ND
	ND
	181
	267
	327

	Duklov Most
	Zeta
	Morača
	42°  47'  35"
	18°  56'  26"
	615.2
	224
	254
	272
	244
	317
	363

	Glušje
	Gračanica
	Zeta
	42°  45'  2"
	19°  3'  25"
	738.33
	129
	185
	222
	57.4
	101
	130

	Danilovgrad
	Zeta
	Morača
	42°  33'  16"
	19°  06'  44"
	33.3
	1,148
	1,346
	1,463
	481
	593
	663

	Podgorica
	Morača
	Skadarsko jezero
	42°  27'  05"
	19°  15'  58"
	24.6
	1,133
	1,287
	1,366
	1,748
	2,227
	2,506

	Podgorica
	Ribnica
	Morača
	42°  26'  12"
	19°  16'  11"
	32.53
	ND
	ND
	ND
	80.8
	121
	152

	Orahovo
	Orahovštica
	Skadarsko jezero
	41°  14' 48"
	19°  04'  06"
	12.12
	213
	247
	268
	63.5
	82
	93.8

	Plavnica
	Skadarsko jezero
	Skadarsko jezero
	42°  16' 17"
	19°  11'  45"
	4.56
	9.27
	10.04
	10.48
	ND
	ND
	ND

	Reč
	Bojana
	Jadransko more
	41°  55' 08"
	19°  22'  15"
	0.09
	3.84
	4.36
	4.63
	ND
	ND
	ND

	Fraskanjel
	Bojana
	Jadransko more
	41°  58' 15"
	19°  23'  17"
	-0.07
	5.72
	6.33
	6.69
	ND
	ND
	ND

	Bar
	Željeznica
	Jadransko more
	42° 06’ 54’’
	19° 05’ 27’’
	1.82
	117
	182
	224
	76.0
	132
	168


8.3 APSFR Spatial Display Process Method
The spatial display of the APSFR area for the Adriatic  River Basin was taken from the CCAWB project. The following data and sources were used in the described processes: 

· BEAM land use 2012

· World DEM light (Airbus D&S)

· DEM for the Bojana River Basin in Montenegro (provided by Real Estate Administration)

· OSM (open street map, 2018)

· CORINE Land Cover 2012

· Flood extent (shape files) of flood line estimations for some evaluated locations in Montenegro (GIZ)

· Flood extent (shape files) of the December 2010 event and the January 2011 event 

These data are sufficient for the purpose of the preliminary flood risk assessment and for the chosen methodology, in which in parallel the local evaluation and the GIS-based assessment were done to validate each other’s results.
8.4 Recorded hydrological data
	Year
	Expected Flooding Mechanism

	Calculated Return Period (Years)

	Watercourse Location: Zeta, Nikšić, “Duklov most” 

	Related APSFR20_ARB_Zeta01

	1974
	Outflow from the riverbed
	10

	1979
	Large-scale floods
	30-40

	1984
	Outflow from the riverbed
	10

	1992
	Large-scale floods
	40

	2000
	Outflow from the riverbed
	10

	2008
	Outflow from the riverbed
	10


	2010
	Large-scale floods
	40

	2013
	Outflow from the riverbed
	10

	2014
	Outflow from the riverbed
	30

	2018
	Outflow from the riverbed
	10

	Watercourse Location: Gračanica,Nikšić, “Glušje” 

	Related APSFR20_ARB_Zeta01

	1968
	Outflow from the riverbed
	15-20

	1991
	Outflow from the riverbed
	70-80

	1992
	Outflow from the riverbed
	15

	1995
	Outflow from the riverbed
	10

	2000
	Outflow from the riverbed
	70-80

	Watercourse Location: Zeta, “Danilovgrad”

	Related APSFR21_ARB_Zeta02

	1979
	Outflow from the riverbed
	10

	1986
	Outflow from the riverbed
	10

	1994
	Outflow from the riverbed
	10

	2000
	Large-scale floods
	90

	2002
	Outflow from the riverbed
	15

	2004
	Outflow from the riverbed
	10

	2010
	Outflow from the riverbed
	25

	2019
	Outflow from the riverbed
	5-10

	Watercourse Location: Morača “Podgorica”: 

	Related APSFR23_ARB_Moraca and Skadar lake01

	1963
	Large-scale floods
	15

	1974
	Outflow from the riverbed
	10

	1979
	Large-scale floods
	40

	1985
	Outflow from the riverbed
	10

	1992
	Outflow from the riverbed
	10

	1995
	Outflow from the riverbed
	10

	1999
	Large-scale floods
	25

	2000
	Large-scale floods
	30

	2004
	Outflow from the riverbed
	10

	2010
	Large-scale floods
	20

	Watercourse Location: Ribnica “Podgorica”
 

	Related APSFR23_ARB_Moraca and Skadar lake01

	1957
	Outflow from the riverbed
	10

	1968
	Outflow from the riverbed
	20

	1979
	Large-scale floods
	30

	1987
	Outflow from the riverbed
	10

	1995
	Outflow from the riverbed
	15

	1999
	Outflow from the riverbed
	10

	2000
	Large-scale floods
	25

	Watercourse Location: Skadarsko jezero,“Plavnica” 

	Related APSFR24_ARB_ Skadar Lake02

	1952
	Outflow from the lake
	20

	1960
	Outflow from the lake
	10

	1963
	Large-scale floods
	35

	1969
	Outflow from the lake
	5-10

	1970
	Outflow from the lake
	10

	1971
	Outflow from the lake
	10

	1974
	Outflow from the lake
	5-10

	1979
	Outflow from the lake
	10

	1996
	Outflow from the lake
	5-10

	2010
	Large-scale floods
	100

	2018
	Outflow from the lake
	5-10

	Watercourse Location: Bojana, “Fraskanjel” 

	Related APSFR25_ARB_Bojana01

	1952
	Minor outflows from the riverbed
	No Data

	1963
	Minor outflows from the riverbed
	5

	1966
	Minor outflows from the riverbed
	20

	1970
	Minor outflows from the riverbed
	5-10

	1971
	Minor outflows from the riverbed
	5-10

	1974
	Minor outflows from the riverbed
	10-15

	1976
	Minor outflows from the riverbed
	10-15

	1979
	Minor outflows from the riverbed
	15-20

	1986
	Minor outflows from the riverbed
	20

	1996
	Minor outflows from the riverbed
	5-10

	1999
	Minor outflows from the riverbed
	5-10

	2010
	Large-scale floods
	60

	2013
	Minor outflows from the riverbed
	5-10

	2018
	Minor outflows from the riverbed
	10-15


8.5  Existing Hydrological measuring stations
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Draft Report


Sub-Activity 1.1.1: Analysis of available data and environmental condition and identification of zones vulnerable to nitrate pollution 








� Mechanical, Electrical, Instrumentation, Control and Automation of existing flood defences


� Rulebook on the Closer Content of the Preliminary Flood Risk Assessment and the Flood Risk Management Plan ("Official Gazette of Montenegro", No. 069/15 of 14.12.2015).


� Existing flood protection facilities are included in Section 4.4.


� Rivers over 30km in length


� Catchment area of the Cijevna is estimated because it is difficult in the lower course of the river (Zeta plain) to accurately determine due to the morphology of the terrain.





� Map prepared by the Military Geographical Institute of Yugoslavia in the 1980s. 


� The example of the level of topographic detail in Figure 3.3. is for an APSFR in the Danube River Basin.  All APSFR in the Adriatic River Basin will be prepared during the development of flood hazard and risk mapping at the same level of detail as shown in Figure 3.3


� See footnote 7


� Guidance for reporting under the EU Floods Directive; EU 2013. Technical Report-2013-071. 


� The possible mechanisms of previous flooding events in Montenegro based on hydrological data are shown in Annex 1.


� The numbers 1.1 to 4.1 are referenced in Figures 4.4 and 4.5. The numbers in parenthesis in rows 5.1 and 5.2 are referenced in Figure 4.6.


� HS: Hydrological stations


�  A 10-year flood has a 1/10 = 0.1 or 10% chance of being exceeded in any one year. A 50-year flood has a 0.02 or 2% chance of being exceeded in any one year. A 100-year flood has a 0.01 or 1% chance of being exceeded in any one year.


� Flood source is based on guidance for reporting under the EU Floods Directive; EU 2013. Technical Report-2013-071. A11: Fluvial; A12: Pluvial; A13 Groundwater


� Flood mechanism and flood characteristics are based on guidance for reporting under the EU Floods Directive; EU 2013. Technical Report-2013-071. A21: Natural Exceedance: Flooding of land by waters exceeding the capacity of their carrying channel or the level of adjacent lands; A22: Defence Exceedance: Flooding of land due to floodwaters overtopping flood defences; A31: Torrential flood: A flood that appears and disappears fairly quickly, with little or no warning, usually as a result of intense rainfall over a relatively small area.





� Flooding  events during November 2010 to January 2011


� Based on guidance for reporting under the EU Floods Directive; EU 2013. Technical Report-2013-071


� According to threshold of significance criteria detailed in Section 6, Table 6.2. The red colour indicates a value equal to or above the threshold criteria, while green indicates a value below the threshold criteria. Risk assessment is in accordance with Article 3 (2) of the Rulebook on the Closer Content of the Preliminary Flood Risk Assessment and the Flood Risk Management Plan ("OG", No. 069/15 of 14.12.2015). 


� The extent of the flood was given descriptively stating the settlements that were endangered, which was later confirmed by maps showing the boundaries of floodplains for ten-year, hundred-year and five-hundred-year waters. It should also be noted that the runoff of flood waters is carried out over the riverbed and inundation land.


� In accordance with Article 3 (3) of the Rulebook on the Closer Content of the Preliminary Flood Risk Assessment and the Flood Risk Management Plan (OG", No. 069/15).


� Determination if significant adverse impacts would occur in the future due to urban development.


� NR: Not recorded


� In November 2018, the document Preliminary Flood Risk Assessment for the Drim / Drin - Buna / Bojana River Basin was adopted. This document was prepared by GIZ within the project Climate Change Adaptation in Transboundary Flood Risk Management for the Western Balkans. At the meeting of the project Working Group on 4th June 2020, it was adopted that the same criteria will be used in the preparation of the PFRA as used by the GIZ in the preparation of its document.





� The area modeled for the 500-year flood return period is referred to as Scenario 2 in Figures 6.3 to 6.8. 


� Based on guidance for reporting under the EU Floods Directive; EU 2013. Technical Report-2013-071


� Technical Support in Relation to the Implementation of the Floods Directive (2007/60/EC) June 2013. 


� HS: Hydrological station


� Height in metres above sea level


� For  HS Plavnica - Skadar Lake and Rec, Fraskanjel - Bojana River, the water levels (shaded) are shown in meters above sea level (altitude of the water level).


� ND: No data available from hydrological stations, i.e., water level or water flow measurements are not recorded. 


� The mechanism of flooding has been described based on the and the topography of the region. 


� refers to river flows (Q) because the data from the water level gauge (H) were not correct.
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