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Flood risk management objectives and Romanian catalogue of potential
measures for flood prevention, protection and mitigation
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Abstract. In order to draw up the Flood Risk Management Plans, in Romania have been identified two types of
objectives: strategic and operational. In defining the strategic objectives of flood risk management for Romania, the
approach agreed at the ICPDR was taken into consideration. Furthermore, these strategic objectives set at national
level were detailed in specific objectives that covers the 4 major categories of negative consequences established by
Floods Directive mentioned above.
In order to facilitate / structural and non-structural measures selection for 11 River Basin Authorities from Romania, a
catalogue of potential measures at national level was elaborated. The proposed measures are following main areas of
action closely linked to the cycle of flood risk management: Prevention, Protection, Preparedness, Awareness and
Recovery.
The paper presents the objectives of flood risk management established in Romania, associated indicators and
nationwide catalogue of potential measures. At the same time it is presented a case study on potential measures
proposed at the level of basin.

1 Introduction
In agreement with European legislation and
international literature, flood risk management means the
application of policies, procedures and practices having
as objectives risks identification, analysis and their
evaluation, treatment, monitoring and reassessment of
risks, in order to reduce them, so that human
communities, all citizens can live, work and satisfy their
needs and aspirations in a sustainable physical and social
environment.
Flood risk is characterized by the nature and
probability of occurrence, receptors exposure degree
(number of population and goods), susceptibility to flood
of the receptors and their value, thus it results that the risk
can be reduce by acting on his own characteristics
Flood consequences mitigation is the result of a wide
combination, between the measures and actions
preceding the occurrence of the phenomena (activities of
prevention, protection and preparedness), management
measures taken during the floods (response actions taken
during floods, known as emergency situations
management) and measures undertaken post flood
(reconstruction and lessons learned as a result of the
occurrence of the phenomenon).
Flood risk management plans (F.R.M.P.) addresses all
aspects of flood risk management focusing on prevention,
protection, preparedness, including flood forecasts and


early warning systems and taking into account the
characteristics of the particular river basin or sub-basin.
Flood risk management plans include also the promotion
of sustainable land use practices, improvement of water
retention as well as the controlled flooding of certain
areas in the case of a flood event.

2 Organizational structure of 
      
According to national legislation, Flood Directive
implementation is the responsibility of the Ministry of
Environment, Water and Forest and Romanian Waters
National Administration (R.W.N.A.).
Ministry of Environment, Water and Forest represents
the central public authority in water sector which
develops strategy and concept in water management,
including in flood risk management.
R.W.N.A. is the national authority, under the
coordination of Ministry of Environment, Water and
Forest, which ensures the implementation of the national
policy on water, including flood risk management and it
is organized through 11 River Basin Authorities (R.B.A.),
one of them being the Arges - Vedea R.B.A. (Figure 1).
National Institute of Hydrology and Water
Management is the public institution subordinated to the
National Administration "Romanian Waters", carrying
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These objectives focus on the reduction of potential
adverse consequences of flooding for human health, the
environment, cultural heritage and economic activity and
address all aspects of flood risk management, taking into
account the characteristics of the D.R.B.D.
Figure 1.  Romanian River Basin Authorities

3.1 The specific
management

out supporting studies and methodologies for Flood
Directive implementation; the institute ensures the
scientific coordination of all three steps required by the
Directive and the reporting to the E.C. of the necessary
information for all 11 R.B.A.

3 Description of the
management objectives
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The strategic objectives established at national level
have been detailed in specific objectives. The specific
selected objectives covers four basic criteria: economic,
social, environmental and cultural heritage, as it follows:
x Economic:
R Minimise flood risk to transport infrastructure
R Minimise flood risk over economic activities
R Minimise flood risk to agriculture lands.
x Social:
R Minimise flood risk to life and human health
R Minimise flood risk to community.
x Environment:
R Support the achievement and conservation
of good environmental status/ good
ecological potential in accordance with WFD
requirements
R Minimise flood risk to protected areas
designated for the abstraction of water
intended for human consumption
R Minimise flood risk to objectives with
potential pollution (under incidence of
I.P.P.C. - I.E.D. Directive (96/61/CE),
Wastewater Directive (92/271/CEE) and
Seveso II Directive (96/82/CE));
x Cultural heritage
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Romania is member of I.C.P.D.R. since 1994, when
the Danube River Protection Convention (signed in Sofia,
from a Romanian government initiative dating from 1985
- the Bucharest Declaration was developed.
The Danube is of huge significance to Romania, since
the country is almost entirely within the Danube Basin;
covering 237,391 km² and with nearly 22 million
inhabitants, the country is almost entirely within the
Danube Basin. The Romanian section covers almost a
third of the surface area of the Basin, and over a third of
  s length flows through the country.
The first Flood Risk Management Plan for + %
. +   (D.R.B.D.) [1] is produced with the
support of Danube countries, in line with the article 8 (3)
of the Flood Directive. It sets out appropriate objectives
for the management of flood risk on the level of the
international river basin district covering the whole
Danube catchment. It highlights the objectives and issues
relevant for the basin-wide perspective.
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3.1.1 Indicators, minimum and aspirational targets
%   )%  
"       '      
              %
,)%  -
!               
   % )%   
 
"   $
x   1!    ,1! -  
          #  
 /
x        %  )%    "
 %  $  &    %   , 

2

E3S Web of Conferences 7, 23001 (2016)
FLOODrisk 2016 - 3rd European Conference on Flood Risk Management

  -     %   "   % 
  '  #    #  
 %   #         %
   '   
 %  "  %      %
#      '  %
##  #           
%    % &    % 
 #              % #
    %
!        "     &#

     $

DOI: 10.1051/ e3sconf/2016 0723001

x Indicator: number of museums, churches and
cultural monuments exposed to flood risk;
x Minimum target: maintaining the current situation
for cultural heritage objectives subject to flood
risk;
x Aspirational target: reducing at 0 the number of
cultural heritage objectives subject to flood risk.
In the establishment process of the indicators, it was
taken into account available GIS geospatial data for the
following receptors:
x Population component
R inhabitants exposed to flood risk;
R social
infrastructure
hospitals;
educational units (universities, colleges,
schools, kindergartens); municipalities;
police stations.
x Economic activity component
R airports and ports;
R railways and train stations, roads and
highways;
R major industrial objectives and secondary
economic activities;
R agriculture land.
x Environment component
R bodies at risk of not achieving the "good
ecological status" or "good ecological
 ;
R abstraction points of water intended for
human consumption;
R E-P.R.T.R. and I.P.P.C. installations.
x Cultural heritage component
R churches,
historical
monuments,
museums.
GIS layers have various sources, mostly from the
Romanian Waters National Administration - WIMS
database, NAVTEQ geospatial database, Open Street
Map and Corine Land Cover. All these layers have been
corrected and correlated by N.I.H.W.M., and for a more
accurate identification of receptors, a combination of data
from multiple sources was necessary.
Indicators and receptors established and used, are the
most relevant for evaluating the applicability of a specific
objective of the Flood Risk Management Plan (when the
evaluation is carried out at A.P.S.F.R. level) and also for
the assessment of objectives achievement (when the
assessment is performed at measure level and is referring
at the receptors from the flooded area, protected by
implementing the measure).

Economic - Minimise flood risk to transport
infrastructure:
x Indicator: length and importance of transport
infrastructure (roads, railway stations, ports,
airports, etc.) exposed to flood risk;
x Minimum target: maintaining the current situation
for transport infrastructure subject to flood risk;
x Aspirational target: reducing at 0 the number
transport infrastructure subject to flood risk.
Economic - Minimise flood risk to agriculture lands.
x Indicator: surface of agricultural land at flood risk;
x Minimum target: do not apply;
x Aspirational target: reducing at 0 the number
agricultural lands subject to flood risk.
Social - Minimise flood risk to life and human health
x Indicator: the number of inhabitants at flood risk;
x Minimum target: maintaining the current situation
for inhabitants subject to flood risk;
x Aspirational target: reducing at 0 the number
inhabitants subject to flood risk.
Environment - Support the achievement and
conservation of good environmental status/ good
ecological potential in accordance with WFD
requirements
x Indicator: the number of water bodies at risk of
not achieving the "good ecological status" or
   ;
x Minimum target: the F.R.M.P. measures should
not obstruct the achievement of environmental
objectives (good environmental status/ good
ecological potential);
x Aspirational target: significant contribution of the
flood risk measures in reaching the environmental
objectives.
Environment - Minimise flood risk to protected areas
designated for the abstraction of water intended for
human consumption
x Indicator: the number of water intakes at flood
risk;
x Minimum target: maintaining the current situation
for water intakes subject to flood risk;
x Aspirational target: reducing at 0 the number of
water intakes subject to flood risk.

4 Catalogue
measures

of

national

potential

!              %%
  2%% %     #  
     %   #   %  
#    River Basin Administrations
    "' %   '
0      % "     " 
  #  %    %  "  % 


Cultural heritage: Minimise flood risk to cultural
heritage objectives

3

E3S Web of Conferences 7, 23001 (2016)
FLOODrisk 2016 - 3rd European Conference on Flood Risk Management

   ##    
!*+  !* 345"   '
   #  
  0%#  
,!  365 7   8   395 1 3:5
% 3;5-   0%#  %     "  "
   <= > = %##=
=   = = =
#         +   ,4??@;?*0- 
71%   # A:?B% 
CDEFG=  =
= = 0%# = *   
"' 2 +1 0       " ' 
 %   0H*! 1%  ,0%#  & 
    ## -I '  #  
  ##   0%# J% K    
% L :6 JK  %  ,    
?@?66?4?M6;:NM9@0 0JA*M   + 2
1  0     0%# *   -
 %   %##         
#      J% K     % 
0%#2*#% % #    %2 
%  
%)%  %" %  "' 
  "        O    KO
J           #%     
 Ministry of Environment, Water and Forest  
 "'       "    
    
 % ##           
     '   $
x  
R category of
measure:
legislative
institutional, organizational measures
and it includes measures like defining /
improving the legal and technical
framework for the implementation of
Floods Directive, reviewing and
updating flood risk management plans,
coordinating
territorial
planning
strategies with F.R.M.P. (in total 3 types
of measures);
x Protection
R categories of measures (examples:
natural water retention measures associated to watercourses, wetlands,
and natural lakes, change or adaptation
of
land-use
practices,
structural
protection measure  as new reservoirs
development, development of diverting
channels, local embankments, measures
AREA OF ACTION
(5)
PREVENTION

TYPES OF MEASURES
(23)
3

PROTECTION

11

PUBLIC
AWARENESS
PREPAREDNESS
RESPONSE AND
RECOVERY
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to increase population resilience,
adaptation of the defence structures at
the climatic changes, etc. (in total 11
types of measures);
x Preparedness
R categories of measures (examples:
measures
regarding
monitoring,
forecasting and flood warning, activities
of flood event preparedness exercise
with interinstitutional participation, etc.);
in total 4 types of measures;
x Public Awareness
R one category of measures with the same
name: measures to increase the
awareness of the community and it
includes adequate public activities of
information and promotion of public
participation, activities for education and
training of the population; covers 2 types
of measures;
x Recovery
R categories of measures: emergency
response actions, damage evaluation and
recovery, improvement of post event
documentation and analysis process, etc.
(in total 3 types of measures).
There are 23 types of measures proposed; for each
type of measure there are provided examples (the list not
being exhaustive). This catalogue was very useful in
defining at the level of River Basin Administrations the
most relevant measures, in a unitary manner.
The fact that all aspects of Flood Risk Management
(Prevention, Protection, Preparedness, Awareness, and
Recovery) were addressed in the Flood Risk Management
Plan is demonstrated by the fact that the measures
proposed in the catalogue of potential measures have
found a clear correspondence with codes of measures
proposed by the European Union.
In table 1 it is presented a synthesis, summarizing the
types of measures for each area of action, outlining nonstructural / structural measures. Most measures are within
the field of action Protection (11/23 types of
measures).The table also highlights the special attention
given to non-structural measures, in accordance with
European guidelines / recommendations and D.G. Regio
D.G. Environment.

STRUCTURAL vs NON-STRUCTURAL MEASURES
3 NON-STRUCTURAL MEASURES
1 STRUCTURAL MEASURE
10 NON-STRUCTURAL MEASURES

2

2 NON-STRUCTURAL MEASURES

4

4 NON-STRUCTURAL MEASURES

3

3 NON-STRUCTURAL MEASURES
Table 1. Measure types summary 
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Management (N.I.H.W.M.). Program started for most of
the R.B.A. at the end of 2006 - early 2007, after severe
floods from the 2005-2006 years, with a budget financed
through state budget and Environmental Sectorial
Operational Programme. In the case of Arges  Vedea
R.B.A. the program started in 2011.
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Figure 2. Areas with potential significant flood risk
identified in Arges ± Vedea R.B.A.

Hazard map is structured into three depth classes
(depths of less than 0.5 m, depths between 0.5 and 1.5 m
and depths greater than 1.5 m). Based on flood hazard
maps and on the flood risk assessment methodology
developed under N.I.H.W.M., flood risk maps were
developed for all 11 R.B.A.
(http://gis2.rowater.ro:8989/flood/).

5 Case study on potential measures
proposed at the level of Arges - Vedea
River Basin Authority
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For the 2nd stage/step - Development of flood hazard
and flood risk maps, the maps of flood hazard in Arges Vedea R.B.A. (Figure 3) were carried out under the
National Programme Plan for Prevention, Protection and
Mitigation of floods effects, and with the scientific
support of the National Institute of Hydrology and Water
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Figure 3. Flood hazard map for Arges ± Vedea R.B.A.

Elaboration of flood risk maps was based on a
qualitative approach; this has assumed first the
identification of the risk receptors and after vulnerability
evaluation of identified objectives and exposed to flood
risk, raking into account water depth and potential
damages to the flooded objectives, respectively the
impact over the risk receptors considered.
Flood risk maps published are elaborated for 3
scenarios of flooding (10 year flood, 100 year flood and
1000 year flood) for the next indicators:
x approximative number of affected inhabitants
(statistical method used)
x indicators, related to other types of consequences:
economic, environment, cultural heritage
For each class of depth, it was assessed the magnitude
of hazard and it has been assigned three classes with the
following meaning: class 1 - less than 0.5 m; class 2 - 0.5
to 1.5 m; class 3 - less than 1.5 m, resulting in three areas:
areas with high risk - represented in red, medium risk
areas - represented with orange, low risk areas represented by the yellow colour. (Figure 4).

Figure 4. Flood risk map for Arges-Vedea .R.B.A

The first two stages were finalised and reported at the
European Commission for all River Basin Authorities.
Elaboration of the Flood Risk Management Plans
(F.R.M.P.) in Romania ± it started based on the F.R.M.P.
Development Framework Methodology, elaborated by
N.I.H.W.M. with experts contribution from R.W.N.A.
and R.B.A.
Arges  Vedea River Basin Administration is one of
the most important R.B.A. in the country, in terms of
surface - 21 479 sq. km (approximately 9% of the
country), in terms of population - 4 million inhabitants
(20% of the total population of the country), and also
because of the numerous hydraulic works specific to
water management activity.
The most important cities to be protected through
proposed FRMP are Bucharest (the capital of the
country), Pitesti and Campulung (more than 2.115.000
inhabitants, from witch 1.9 million live in Bucharest)
The proposed measures within F.R.M.P. of Arges Vedea R.B.A. are grouped according to the level of
application presented in Chapter 4, respectively:
measures at national level (23 measures), measures at
R.B.A. level (24 measures) and measures at A.P.S.F.R.
level (146 measures  Table 2.).
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Measures
Re-naturalization of the river banks
(vegetative protection)

Arges  Vedea R.B.A. between 1980  1990, through
these measure are proposed to be made works for safety
improvement of existing structures like rehabilitation:
modernizations of the hydraulic and hydromechanics,
equipments, retrofitting measures to limit infiltrations etc.
These measure represents a priority for the defence
activity of RBA, taking into account main purpose of the
reservoirs: flood wave mitigation and ensuring volumes
of water for public water supply and industry.
From the 145 measures proposed to reduce flood risk
in Arges-Vedea R.B.A. a number of about 71 measures
are proposed to be made with own funds, while the
remaining 74 measures are proposed to be financed with
funds from the State budget or European Funds.
Definition of the specific objective and associated
indicators will act like a mirror in reflecting at the level
of each Responsible Authority the progress made in the
process of transposing the measures from the paper in the
field, thus reducing the negative consequences over
human health, economy, environment and cultural
heritage.

No of
Measures
1

Increasing the river conveyance through
local dredging works.

23

Dike relocation

2

Restoration / Increasing of attenuation
volumes for existing reservoir
(permanent/temporary) through dredging
works

5

Development of new temporary small
reservoirs

5

Safety improvement of existing hydraulic
structures (dams rehabilitation:
modernizations, retrofitting measures to
limit infiltrations etc.)

13

Conducting the necessary maintenance
works for safe operation of existing
hydraulic structures and related equipment
(maintenance and current repair, etc.)

8

Development of diverting channels

2

Riverbed stabilization measures 
recalibration of riverbeds, parapets,
retaining walls, river bank defences,
riverbed stabilization

34

Protection measures along the river
stretches through local embankments

16

Measures of modernization, consolidation
of hydro-technical constructions for
development of water courses

2

Maintenance of existing flood protection
infrastructure

5

Water courses riverbeds maintenance and
bottlenecks, obstacles removal from water
courses.

30

Total Measures

146
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