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The composition of silty and clayey flood irrigation deposits (Fig. 2) are compared with the composition of 
natural soils (Fig. 3) of lava fields, limestone escarpment and dunes, showing other properties and features than 
anthropogenic sediments.  

Indeed, the organic matter content of natural soils is higher (1%), but in comparison to the irrigations sediments 

their thickness is less: irrigation sediments are a few meters thick, buried soils both in the surrounding of the oasis 
and beneath irrigation sediments only 30 to 50 cm. The limited soil resources might have been one of the 
restrictions of rainfed cultivation, what made flood irrigation in the Sabaean time necessary. 

Figure 3. Buried soil between 60 and 80 cm 
depth; LAS7, Hammad Misariyah, Yemen 

8 m 

Figure 2. Irrigation sediments, here above Jurassic 
limestone and detritus cover; SOP2, southern Marib oasis, 
Yemen 
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Abstract 
Large-scale flooding in Eastern Europe forms dramatic constraints for the future economic development of the 
region. Apart from the excess of water, the hinterland also delivers large quantities of sediment, which accumulates 
in downstream reservoirs or forms problems in fairways. To understand the processes of water and sediment 
generation in headwaters of major waterways it is important to look at these processes on a scale that is large 
enough to be representative of the processes involved, and small enough to be homogeneous and thus allow 
unambiguous results. 

In south-western Poland the meso-scale catchment of Nysa Szalona (375 km2) an investigation is ongoing, 
involving the interaction between land use and sediment and water delivery. The aims are to assess the determining 
factors influencing sediment and water delivery.  This catchment has multiple land uses and a reservoir, where the 
sedimentation history of the catchment can be linked to changes in land use. 

Historical land-use maps, long hydrological records and the available sediment database in the downstream 
reservoir allow the development of an ArcGIS-based sediment delivery model with a strong hydrological and a 
snowmelt component. This (mostly) physically based model will be able to compute sediment delivery from a 
meso-scale catchment at any selected time -step. 

A thorough geomorphologic and ecological survey of the riverine habitat will be the basis of several land-use 
scenarios to calculate possible ecologically friendly solutions to reduce the sediment delivery to the main channel 
and to retard the flood wave in the meso-scale headwater catchments. 

Keywords : Meso-scale catchments, GIS-based sediment delivery model, flood risk reduction, sediment delivery 
reduction, nature conservation, Nysa Szalona, Poland 

1 Introduction 
Large-scale flooding in the major waterways of Eastern Europe forms dramatic constraints for the future economic 
development of the region (e.g. floods in 1997, 2001 and 2006; cf. [1][2]). Apart from the excess of water, which 
forms a direct threat to people, the hinterland delivers large quantities of sediment to the river system. The sediment 
either accumulates in reservoirs, reducing their life-expectancy or forms problems in the fairway. Both problems 
cause huge economical damages. 

Most sediment and water provided to these large-scale rivers originates from meso-scale (50-400 km2) 
headwater catchments (up to 90% [3][4]). However, the processes in these meso-scale catchments regarding the 
generation of sediment and water have so far not received much scientific attention [5][6]. A few studies proved the 
importance of understanding the processes concerning discharge of water and sediment in meso-scale catchments 
(cf. [7][8]). When meso-scale river systems are understood and managed in a sustainable way, large-scale 
problems, like flood-risk and sediment-related problems in the main river, can be tackled [9]. Large-scale 
catchment heterogeneity (geology, land-use, catchment size, etc.) blur the observations, and make an unambiguous 
result impossible. Conversely, meso-scale catchments are large enough for reliable hydrological and sediment 
budget analysis, small enough for full field surveys and homogeneous enough to make reliable conclusions [10]. 
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Study area and aims  
To reduce water and sediment delivery to large-
scale rivers, knowledge of meso-scale headwater 
catchments, such as the impact of river 
morphology, sediment production and sediment 
deposition is required. The Nysa Szalona 
catchment in southwestern Poland (Fig. 1) was 
selected, which is a third order tributary of the 
Oder River The catchment has a reservoir near 
the outlet and the area of the catchment upstream 
from the reservoir is 375 km2. The western part 
of the catchment has a pronounced relief and the 
eastern part consist of rolling hills. This 
difference is due to geological variations. The 
catchment is representative for meso-scale 
European catchments in terms of land use.  

In this catchment a reforestation trend was 
observed due to abandonment of marginal 
agriculture in the region since the early 1990s. 
This trend is expected to continue due to the 
economic growth connected to the recent entry of 
Poland to the EU. The natural reforestation 
process was also observed in other countries 
where large-scale economic growth took place as 
well (e.g. Slovenia [7], Southern France [12], 
Italy  [13]. 

Several possible solutions for the retention of 
sediment and water will be assessed. And for this 
the following aims were formulated: 

1. Assessing contributing factors for retarding 
peak flows (ultimately reducing flood risks in 
main river) 

2. Assessment factors influencing sediment 
delivery to reduce sediment input (ultimately 
increasing reservoir life-expectancy). 

3. Development of Arc-GIS based SDR model 
with larger hydrological input than existing models (user friendly!). 

4. Development land-use scenarios with nature restoration plans in the riparian zone to reach aim 1 and 2, which 
will be tested with aim 3. 

2 Approach 
2.1 Collection of the available data 

The available data of the Nysa Szalona catchment is provided by the Polish partners (from the University of 
Silesia). These data include: (i) hydrological data: precipitation, discharge and snow cover; (ii) sedimentological 
data: suspended sediment data and soil parameters; (iii) other geographical data: maps of the topography, geology, 
soil types, land use, historical land use and a digital elevation model (DEM). A general sedimentation history will 
be constructed from available bathymetric surface measurements conducted by the managers of the reservoir. 

During field campaigns, additional data needed for the model input (e.g. soil parameters, land use) will be 
collected. The rivers morphological evolution will be mapped and linked to the sedimentation record in the 
downstream reservoir and to the historical discharge record (cf. [10]). The historical hydrological record, the river 
morphology and sedimentation rates in the downstream reservoir will provide the necessary input for the model 
calibration and validation. Furthermore, the riverine habitat in the meso-scale catchment will be ecologically 
mapped to collect data on the present situation. Both geomorphological and ecological characteristics will be used 

Figure 1. The slope of the  Nysa Szalona catchment in SW Poland 
(375 km2) with impressions of the landscape. Star indicates 
catchment location(50°58’N 16°10’E) 

Jawor 
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to develop scenarios for future nature restoration that will be beneficial for biodiversity as well as for sediment and 
water retardation. 

2.2 Model development  
Sediment transport processes in meso-scale catchments have been largely neglected in science due to the large 
number of processes influencing the sediment dynamics and water balance in these catchments. Existing models 
usually incorporate only a selection of the active processes; and the model scale is either a hillslope or a macro-
scale catchment. Moreover, they only focus on sediment delivery or the water balance of a catchment. The available 
meso-scale GIS-based models have no or very little hydrological components and are usually empirically calibrated 
and not physically based. Consequently, the models are scale-dependent in terms of pixel-size, which will largely 
be excluded by introducing a strong hydrological component.  

The new model will be compiled from existing models for the calculation of hillslope erosion, sediment 
transport and discharge routing within the model. The Morgan Morgan Finney model [14] will be used to calculate 
gross erosion. Gross erosion will be linked to the approach of the Hillslope Sediment Delivery Ratio (HSDR) model 
[15]. HSDR combines a pixel-based sediment delivery ratio (SDR) with a physically based hydrologic routing 
model. In the case that this approach does not give satisfactory results, the TOPMODEL [16] will be applied for 
hydrological routing. Apart from the advantage that this model is physically based, it is also capable of predicting 
sediment delivery to the catchment outlet on any selected time step. For the snowmelt component the SRM 
(Snowmelt Runoff Model; [17]) will be used.  

The model will also be user-friendly and ArcGIS-based, with which watershed managers can predict the 
benefits of biodiversity enhancement measures in terms of sediment and water retention.    

2.3 Land-use scenario development 
When the contributing factors for the retention of sediment and water are assessed, land-use scenarios will be 
developed to model the expected peak flows retardation and the reduction of sediment delivery to the river. 

For reducing the sediment and water input to the rivers the scenarios comprise (i) afforestation of the most 
erosion-vulnerable areas; (ii) different tillage techniques and (iii) development of anti-erosion measures.  

Secondly, for sediment and water retention, scenarios of different morphology and land use in the channel and 
the riparian zone will be developed. Providing space to rivers leads to spreading of sediment and water during 
floods. Peak-flows reach the main river more gradually and part of the sediment is temporarily stored in the 
headwater catchments [18][19][10]. Knowledge gained through Dutch river restoration projects as “Plan Ooievaar” 
[20] and ‘Ruimte voor de Rivier’ [21] will be used to develop the framework of the nature restoration. Nature 
conservation and preservation and enhancement of biodiversity are important topics on the agenda of the EU.  
However, to obtain sediment and water retention, and in the meantime enhance the biodiversity of the region, it is 
first necessary to increase our knowledge on catchment management. 

To assess the effectiveness of the above-mentioned scenarios, they will be tested with the newly developed 
model.  

3 Results  
This project is currently in its starting phase. A reconnaissance trip was made in June 2007 and a general concept 
for the construction of the model was made. However, at this stage no firm results can be presented.  
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Abstract 
This article gives an overview of the legal aspects of transboundary river catchment management with the focus on 
flood protection and spatial planning. It summarizes selected results of the INTERREG III B project “ELLA” in 
which five member states of the EC took part. The aim of this project was to develop preventive flood management 
measures by transnational spatial planning for the Elbe river catchment. Since by far the biggest part of the Elbe 
river basin is found in Germany and the Czech Republic, the focus is on the legal situation in these two states. The 
analysis of the transnational legal framework shows that there is already an extensive range of legal instruments for 
cross-border cooperation between the Czech Republic and Germany. At the level of the international law, this 
concerns the Agreement on the International Commission for the Protection of the Elbe as well as a whole series of 
Czech-German bilateral agreements. At the European level, the most important legal acts for flood protection and 
spatial planning are the European Spatial Development Perspective (ESDP), the SEA -Directive, the Water 
Framework Directive and the future Floods Directive. As far as the national level is concerned, both in Germany 
and in the Czech Republic, flood protection law consists of a complex legal cross section, which falls into different 
fields of law. From the planning point of view, sectoral water planning, comprehensive spatial planning and zone 
protection play a central part in flood protection. The analysis of these fields reveals, that in both states a lot of new 
legal instruments have been introduced in the last few years. However, the administrative implementation of these 
instruments is still in the early stages and needs further attention. 

Keywords: Preventive flood protection, Transnational spatial planning, Elbe river catchment, Legal framework, 
Law comparison. 

I Flood Protection by transnational spatial planning: The Project ELLA 
The tremendous flood disasters in the recent years have caused huge damage in Europe, especially the Elbe flood in 
2002. Such extreme events reveal the importance of land use management for preventive flood protection and the 
necessity of transboundary coordination. To improve the situation in these fields, the EC INTERREG III B project 
“ELLA” (ELBE-LABE, Preventive Flood Management Measures by Transnational Spatial Planning) was 
developed, which ended in December 2006 after a period of three years. 23 project partners from five EC Member 
States, under the leadership of the Saxon State Ministry of the Interior, took part in the project. The target was to 
develop a joint strategy for future spatial planning in the Elbe river catchment. To achieve this target, 5 working 
groups were set up. One of these working groups dealt with the specifics of the legal framework for transboundary 
cooperation and the flood protection and spatial planning law in the participating states. Legal instruments are 
essential for the implementation of transnational strategies. They allow the formulation of binding political and 
technical agreements and thus ensure the long-term validity of the decisions. Three legal studies have resulted from 
the activities of the working group. Since Germany and the Czech Republic own approximately 99 % of the Elbe 
river basin, the focus of the studies is on the legal situation in these states. While the first two – national – studies 
analyze the legal situation of flood protection and spatial planning in Germany [1] and in the Czech Republic [2], 
the third – transnational – study is focused on the legal framework of cross-border cooperation and contains a 
comparison of the national flood protection and spatial planning law [3]. The following article gives an overview of 
the most important results of these studies. 

                                                                 
 Presented at the scientific conference on integrated catchment management for hazard mitigation, Trier, 24th-26th September 
2007 
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II Transnational Legal Framework of cross border cooperation between Germany 
and the Czech Republic 
The legal framework for cross-boarder cooperation between Germany and the Czech Republic can be separated into 
an international and a European level. 

1 International Law 

As far as the international level is concerned, there are a number of international agreements with relevance for 
cross-boarder cooperation between Germany and the Czech Republic. Such agreements have already existed for 
more than 15 years beginning in 1990 as a result of the political change in Europe. In detail, these documents are 
the following: 

§ Agreement on the International Commission for the Protection of the Elbe (1990),  
§ Convention on Environmental Impact Assessment in a Transboundary Context (Espoo-Convention 1991), 
§ Neighbourhood Agreement (1992),  
§ Frontier Waters Agreement (1995),  
§ Environmental Protection Agreement (1996),  
§ Bohemian-Saxon Working Group for Spatial Development (2005) 
§ German-Czech Working Group for Spatial Development (2006) 

The most important agreement in the field of flood protection is on the International Commission for the 
Protection of the Elbe which has established its own working group “Flood protection”. In 2003, the International 
Commission for the Protection of the Elbe adopted an action plan for flood protection of the Elbe river [4]. Due to 
its strong political authorization, this plan is of great practical importance for cross-border coordinated flood 
protection. As far as spatial planning is concerned, impulses for cross border cooperation could come from the 
recently founded Bohemian-Saxon Working Group for Spatial Development and the German-Czech Working 
Group for Spatial Development. 

2 European Law 
In the context of European law, four legal acts of the EC are of special importance for cross-boarder cooperation: 
the European Spatial Development Perspective (ESDP), the SEA -Directive, the Water Framework Directive (WFD) 
and finally the Floods Directive, which is expected to come into force by the end of 2007. 

The European Spatial Development Perspective (ESDP) was adopted by the informal Council of Ministers 
responsible for spatial planning in 1999. It is a guidance framework for future EU policy in areas affecting spatial 
development and it is not legally binding [5]. The 3 fundamental goals pursued by the ESDP are economic and 
social cohesion, the maintenance of natural and of cultural heritage and balanced competition capabilities in the 
European territory. To implement transnational co-operation in these fields, the EU has set up the INTERREG 
initiative, which is a funding instrument of the EU. The condition for funding of projects by this initiative is their 
conformity with the guidelines of ESDP, so it has at least indirect legal implications. Management of water 
resources is a challenge especially for the spatial development, and transnational flood protection in particular 
(3.4.3. ESDP). 

The SEA-Directive [6] includes the identification, description and evaluation of impacts of plans and 
programmes on certain issues such as human health, fauna, flora, biodiversity, soil, water, air etc. It stipulates 
transboundary consultations for plans or programmes which are likely to have significant environmental effects in 
another Member State (Art. 7). Consequently the SEA shall be carried out for instance for supra-local spatial plans, 
urban land-use plans, flood protection plans and water management plans (Art. 3 (2)). The Member States 
concerned shall ensure that the affected authorities and the public are informed and given an opportunity to forward 
their opinion (Art. 6 (2)). The results of these transboundary consultations shall be taken into account during the 
preparation of the plan or programme (Art. 8). 

The target of the Water Framework Directive (WFD) [7] is to ensure a good status (high quality) of European 
water resources. Even though flood protection is not directly addressed [8], the WFD is nevertheless an important 
instrument for transnational cooperation in the fields of flood protection and spatial planning. This has two reasons: 
Firstly, it considers entire river basin districts (not only the water body), and secondly, it implies transboundary 
cooperation concerning the whole river basin (not only within the national territory). The legal basis for this 
cooperation is given by appropriate administrative arrangements, including the identification of appropriate 
competent authorities. For example, an international coordination group (ICG-WFD) was founded by Germany, the 
Czech Republic, Poland and Austria for the river basin of the Elbe. 
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Like the WFD, the future Floods Directive [9] prescribes the coordination of administrative arrangements 
within river basin districts (Art. 3) and makes use of the national and international arrangements made under WFD 
[10]. The directive contains 3 fundamental instruments for flood protection: a preliminary flood risk assessment 
(Art. 4, 5) to identify areas with significant flood risks, flood maps (Art. 6), which have to be set up for areas 
identified under Art. 5, and flood risk management plans (Art. 7, 8). Flood maps are divided into flood hazard  maps 
identifying geographical areas which could be flooded according to scenarios with a low, medium or high 
probability and flood risk maps showing the potential adverse consequences associated with the flood scenarios. 
Flood ris k plans contain objectives for the management of flood risks and measures for achieving these objectives 
(also taking into account relevant aspects such as spatial planning and land use).  

III Law Comparison of the German and the Czech Flood Protection and Spatial 
Planning Law  
For the transnational cooperation, it is necessary to know the legal situation in the corresponding states. Therefore, 
a comparison between the German and the Czech law was carried out within the framework of ELLA. In both 
states, flood protection law can be characterized as a complex legal cross-sectional area, which includes different 
fields of law (e.g. water law, spatial planning law, nature conservation law, soil protection law, agricultural law and 
forestry law). From the planning point of view, sectoral water plans with spatial impacts, as well as comprehensive 
spatial plans and protected zones play an important role. 

1 Sectoral water planning  
Sectoral water planning can be defined as systematic preparation and execution of measures of water management 
by the competent authority. Sectoral water plans are very important for flood protection, because they have 
significant spatial impacts. The legal basis for sectoral water planning in Germany is the Water Management Act 
(Wasserhaushaltsgesetz, WHG) [11] as well as the Water Acts of the “Länder”, and in the Czech Republic the 
Water Act (Vodní zákon, Vod. zák.) [12]. 

In Germany, there are separate plans relating to water quality on the one hand and flood protection on the other 
hand. Water quality is addressed in the programs of measures and river basin management plans according to the 
Water Framework Directive (Sec. 36 and 36b WHG), whereas flood protection is considered in the flood protection 
plans (Sec. 31d WHG). In contrast to this, in the Czech Republic, there are integrated river catchment management 
plans. Two types of such plans exist: The plan for main river basins is a strategic general plan for water 
management within the three main river basins of the Czech Republic Elbe, Morava and Odra (Sec. 24 (2) Vod. 
zák.). The river basin district plans are more detailed and regulate the water management in eight river basin 
districts (Sec. 25 (2) Vod. zák.). Both types of plans contain aspects of water quality as well as of flood protection. 

2 Comprehensive spatial planning  

The second relevant category for flood protection is comprehensive planning. This can be divided into supra-local 
spatial planning and urban land use planning. Within the transnational project ELLA, supra-local spatial planning 
represented a focal point. The function of this type of planning is the coordination and harmonisation of those 
elements of the various types of sectoral planning which have spatial impacts. The legal basis in Germany is the 
Spatial Planning Act (Raumordnungsgesetz, ROG) [13] as well as the Spatial Planning legislation of the “Länder” 
and in the Czech Republic the (new) Building Act No. 183/2006 Coll. (“Stavební zákon”, Stav. zák.) [14] which 
came into force in January 2007 and replaced the old Building Act No. 50/1976 Coll. In both states, one can 
distinguish two levels of supra-local spatial planning: 

In Germany the highest level incorporates the spatial structure plan (Sec. 8 ROG) which is drawn up to cover 
the entire territory of a “Land” (Saxony: „Landesentwicklungsplan”). Below, regional plans (Sec. 9 ROG) are 
developed as plans for defined regions within a “Land” (Saxony: 5 regional plans). It is important to note that on 
the level of the whole territory of Germany, a binding spatial plan doesn´t exist. In the Czech Republic, with the 
new Building Act, such a general plan was introduced (“policy of regional development”, Sec. 31 Stav. zák.) [15]. 
This difference in the legal situation is an expression of the different state constitutions of Germany and the Czech 
Republic. While in Germany there is a federal state structure, the Czech Republic is subdivided into less 
independent districts. Each of these districts has its own regional plan, the so-called “Principles of regional 
development” (Sec. 36 Stav. zák). 

An important question for flood protection by spatial planning is how to integrate flood protection measures into 
the spatial plans. In Germany this is regulated by Sec. 7 ROG, which offers some instruments to achieve this aim. 
The first method is the implementation of the principles of comprehensive spatial planning (Sec. 7 para. 1 ROG), 
for instance the principle of preventive flood protection laid down in Sec. 2 ROG. A second option is to determine 
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open spaces for preventive flood protection (Sec. 7 para. 2 sent. 1 ROG) and to compensate for areas which can no 
longer be used for retention (Sec. 7 para. 2 sent. 2 ROG). Another instrument is the obligation to integrate water 
related sectoral plans into spatial plans (Sec. 7 para. 3 ROG). Finally it is possible to designate priority areas and 
reserved–function areas for preventive flood protection (Sec. 7 para. 4 ROG). In contrast to this, so called “land use 
limits” for flood protection areas in the spatial plans of the Czech Republic are defined, Sec. 26 (1) Stav. zák., 
Sec. 4 Decree 500/2006 Coll. [16]. These limits regulate the functional and spatial dispositions of an area, delimit 
protected zones and ensure the protection of these zones. 

3 Zone Protection 

The third category for flood protection is zone protection. From the planning point of view, protected zones are 
very important, because they have to be incorporated into the spatial plans (cf. Sec. 7 para. 3 ROG). One can 
distinguish three types of protected areas with relevance to flood protection: flood plains, areas endangered by 
floods and areas where floods originate.  

Flood plains are regulated in both legal systems, even with a similar definition, cf. Sec. 31b (1) WHG, Sec. 66 
(1) Vod. zák. However, there are differences in the specific legal implementation as well as in the resulting 
implications. In general, flood plains are all areas inundated by floods. In Germany, the ability to determine an area 
as such depends on a certain return period higher than once every 100 years, Sec. 31b (2) WHG. In Czech law, the 
return period is not fixed, but variable. However, an active zone is defined as one which carries the major amount 
of water flow, Sec. 66 (2), 67 Vod. zák. This zone normally only covers a part of the area inundated by floods with 
a return period once every 100 years. There are also differences in some allowed uses of flood plains, for instance 
in agriculture. Otherwise, the legal restrictions in the German flood plains are similar to the ones in the Czech 
active zones. This holds for instance for the permission of individual structures as well as for new built-use zones, 
cf. Sec. 31 (4) WHG, Sec. 67 (1) Vod. zák. 

Another class of protected zones is the so-called area endangered by floods . This term is based on Sec. 31c 
WHG distinguishing two categories of such areas: Flood plains, which do not require determination according to 
Sec. 31b (2) sent. 3 and 4, because flood events have a return period higher than once every 100 years, and areas at 
risk of flooding in the case of failure of flood protection installations. For both categories, Sec. 31c WHG obliges to 
identify these areas and to implement appropriate protection measures. In the Czech Republic, such a class does not 
exist, however, this type of area is regulated in the Czech water law as well: Partly corresponding to the first 
category in Sec. 31c WHG is the area “outside the active zone” where the water authority may stipulate restrictions, 
Sec. 67 (3) Vod. zák. The second category mentioned above has its counterpart in the so-called territories exposed 
to a special flood danger, Sec. 69, 64 (1) Vod. zák. Such areas have to be determined in an emergency plan 
according to the Emergency Act No. 240/2000 Coll. 

Areas where floods originate  are a speciality in the legal regulation of Saxony. These areas are characterised 
by fast surface water flow in the case of heavy rains or melted snow, leading to a danger of flooding in rivers and in 
consequence to considerable danger for public safety (Sec. 100b Saxon Water Act) [17]. The aim of the 
determination of such areas is the obligation to maintain and improve the natural water retention potential. This 
implies restrictions for installations in the outer zone, construction of new streets, change of forest and grassland 
into farmland. Again, in the Czech law, such a category is not known. However, the function is given by the 
protected areas of natural water accumulation, which are declared by regulations of the government (Sec. 28 Vod. 
zák.). While the intention to define those areas is in the protection of the water resources in the areas, the practical 
realisation of this aim is comparable to the Saxon areas where floods originate (prohibition of reducing and draining 
of forest land). Finally “areas with accelerated flowing-off of precipitation and insufficient water retention” are 
addressed in the river basin district plans (part D 1.5, annex 2 decree No. 142/2005) [18]. 

IV Conclusions  
The analysis of the legal situation in the fields of flood protection and spatial planning has  shown that in both states 
a lot of new legal instruments have been introduced in the last few years. The comparison of these instruments 
reveals many common features, but also differences. However, transnational cooperation does not require 
“uniformity” of the legal regulations. It is sufficient if the contents of the instruments are “conform”, that means 
that they ensure certain standards and don’t include contradictions. In this sense, the German and Czech regulations 
of flood protection and spatial planning are conform in principle. However, the implementation of these instruments 
is still in its early stages. The transfer into practice is hampered by long implementation deadlines and immature 
methods. Consequently, special attention should be paid to the administrative implementation of the numerous new 
instruments in future. In this context, transnational cooperation has to be continued and further intensified. 
Moreover, new legal developments have to be considered, especially the coming into force of the Floods Directive, 
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which will make an important contribution to the harmonization of the instruments of preventive flood protection in 
all Member States in the EC. 
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Abstract 
Preventive flood management in transnational river basins can only be handled in transboundary cooperation, either 
institutional or informal. In 2002 deficits in the Elbe river basin were identified especially regarding the integration 
of relevant regional spatial planning institutions. The INTERREG III B CADSES project ELLA aimed at working 
out flood hazard information and maps, implementing these into regional plans and pilot projects, disseminating the 
knowledge in awareness raising campaigns and working out a transnational strategy as agreement of the partners 
about a long term cooperation of spatial planning in the Elbe River Basin.  

The ELLA results demonstrate clearly that the regional and national spatial planning and water management 
authorities are willing to work in close cooperation to fulfil the demands of land use management in risk areas. The 
implementations in the pilot projects demonstrate approaches for land use planning to respect the limits for secure 
developments as result of risk assessment. By this means a contribution is made to the planning strategies and 
policies in Ge rmany, Czech Republic, Poland, Hungary and Austria to adjust to risk prevention throughout the river 
basins. This is the key issue of the joint ELLA strategy for spatial planning for preventive flood management in the 
Elbe river basin. The agreement about the implementation of a long-term cooperation was undersigned in Dresden, 
Dec 6th 2006. 

Keywords: Preventive flood protection, Elbe river basin, transnational cooperation, spatial planning 

1 Characteristics of the project 
The ELLA project was developed in 2002/2003 after the disastrous Elbe flood. In this event once again the 
necessity of the transnational co-operation in terms of preventive flood protection became obvious. This project 
shows that the spatial planning authorities in the Elbe river basin are aware of their duty to contribute to risk 
management. 

The project was supported on a wide base by nearly all regions in the Elbe river basin and national state 
authorities. Lead partner was the Saxon State Ministry of the Interior. The partnership covers the whole Elbe river 
basin and the relevant disciplines. In total, ten Czech and ten German partners as well as one partner each from 
Austria, Hungary and Poland participated in the project. The Partnership consists of spatially relevant authorities 
from 5 nations: 

- 13 spatial planning authorities, 6 water management and environmental planning and 2 agriculture planning 
bodies as well as 1 national hydrological institute.  

- 5 national, 14 regional and 2 local authorities as well as 1 national institute. 

- External experts are involved in special activities like mapping and accompanying studies. 

The project was supported by the European Union as part of the INTERREG III B programme with funds from 
the European Regional Development Fund (ERDF) and by the PHARE programme.  

2 Transnational action programm for coordinated flood pevention 
The action program, which was prepared by the transnational partnership and mutually agreed in a complex 
process, contribute in particular to the coordination of cross-border activities in spatial planning. Here, local 
activities are just as necessary as those at a regional or state level. The action program comprises:  

- Legal basis and recommendations 

- Transnational fields of activity  
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- Water management recommendations  

- Recommendations for spatial planning in the regions 

- Recommendations for an increased awareness of the flooding problem 

The proposed actions are accompanied by maps, etc. indicating where the proposed measures are to be taken:  

- Hazard information maps (Elbe Atlas) 

- Diagrams and maps of the fields of activity  

The frameworks of the action program are the national regulations and guidelines for action. The flood action 
plan of the ICPE was taken into account while developing the fields of activity for the ELLA recommendations. 
The measures for (transnational) planning in connection with defined fields of activity (see figure 1) are the basis of 
the action program and the defined recommendations. Integral part is the cooperation with and input by the water 
management sector.  

Figure 1. The five transnational fields of activity of the ELLA strategy  

 

A Protection of 
existing retention areas 

B Restoration of 
retention areas 

C Retention in the 
catchment 

D Minimisation of 
damage potential 

E Technical flood 
protection measures 

     

 

Further results (see table 1), which were generated during the cooperation between 2004 and 2006 and which led to 
the action program, are e.g.:  

- Flood hazard indication maps for almost all parts of the river basin (Elbe Atlas) 

- Regional planning strategies for the pilot regions which shall be implemented 

- The structure for the transnational strategy and general subjects 

- Completed Simulations of measures of technical flood prevention throughout the river basin 

- A new methodology for flood prone areas 

- New local hazard maps for zoning and disaster management 

- Flood management system in the pilot project Stendal (already used in the flood events 2006) as well as three 
other pilot actions completed (four others to be completed) 

- A strategy for the awareness rising campaigns 

- Negotiations with regional planning authorities about contents of spatial development plans. 
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Table 1. Overview of ELLA studies and reports (available for download on www.ella-interreg.org) 

Language English title 

Proposed actions (Results brochure) 

DE, CZ, EN Preventive flood management measures by spatial planning for the Elbe river basin - Results and proposed 
actions 

DE, CZ, EN 10 theme flyers with results overviews  

Legal and spatial planning studies  

DE Flood protection and spatial planning law in the German catchment area of the Elbe  

CZ, DE Flood protection and spatial planning law in the Czech catchment area of the Elbe  

DE Legal environment of cross-border flood protection in the Elbe catchment area  

DE Integration of preventive flood protection into spatial planning using the example of transnational pilot 
projects in the Elbe catchment area  

DE, CZ Short and ext ensive reports of the nine pilot projects  

Water management studies  

DE Municipal flood hazard maps for Glauchau, Meißen, Torgau, Radebeul 

DE, CZ, EN Interactive flood hazard maps Glauchau, Meißen (INGE Software) 

CZ Determination of the spread of pollution from industrial plants along the Elbe during flooding events  

DE, CZ, EN Development of a methodology to identify runoff generation areas 

DE Model-supported evidence of the effects of planned retention measures in Saxony and Saxony-Anhalt on 
flooding along the Elbe 

Other studies and reports  

DE Report on the ELLA travelling exhibition, the regional conferences and expert workshops 

DE Summary of the on-going activities regarding flood protection relevant to spatial planning with reference to 
the ELLA project  

 

3 The future perspective  
Thanks to the EU support from the INTERREG III B CADSES program, it was possible to fulfil the wishes of the 
project partners in the Elbe catchment area for transnational cooperation. This funding gave the project partners the 
possibility to perform the transnational cooperation successfully. This support terminated at the end of December 
2006.  

It is especially remarkable that it was not only possible to meet the project target of working out a joint action 
concept, but also that this could be reviewed and agreed in a consultation process with the large number of project 
partners. Now, of course, the question arises as to what will happen in future to the work which has already begun 
and in particular to the transnational networks which have been created. 

The project partners are unanimous in the opinion that long term cooperation is an important future target. In the 
three project years, much time had to be invested in building up the partnership in order to overcome language and 
administrative barriers and to understand the different working methods. The partners can now profit from the 
structure which has evolved and the high level of trust which has developed. 

The partners have agreed that they will use EU -funding possibilities in the following years as well in order to be 
able to continue the cooperation. In detail, the partners envisage the following future tasks: 

- Continuation / implementation of the joint transnational strategy and risk assessment and extension of the 
ELLA pilot results to the whole river basin  

- Continuation of the implementation of the action plan for flood protection of ICPE, in particular the rapid 
realization of the flood protection measures requiring investment. 
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- The continuation and implementation of the agreed recommendations – here, in particular, an even stronger 
integration of water management concerns in regional planning. This includes the definition and safeguarding 
of hazard zones in regional planning on the basis of the flood hazard maps which have been produced. In 
Saxony, this process is on the road to completion but it must still be fully carried out for the whole Elbe 
catchment area. 

- Further publicity raising activities, integration of communities (and industry) 

- Adjustment with EU directives for flood risk management and river basin management (WFD) 

- Realization of retention polders with instruments of water management and spatial planning 

- Urban development in flood endangered areas. 

According to the convictions of the project partners, the transnational cooperation in the field of spatial planning 
in the Elbe catchment area should, in future, also encompass further important spatial planning concerns of 
catchment area management, and thus provide a contribution to the solution of current land use conflicting interests 
in the river valley. The current subjects under discussion here are for example: the river as a transport route, tourism 
along the river valley and nature and landscape conservation in the Elbe valley. 

In 2007, the concrete interests of the project partners for the future will be exactly defined and evaluated. On 
this basis, contacts are made with further potential associates. The German Federal Office for Building and Spatial 
Planning provided funds for this purpose. The application for follow-up projects is planned for the end of 2007. 

For more information: www.ella -interreg.org 
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Abstract 
Floods that injure people and ruin property are striking more and more often as an increasing number of people is 
living in urban centres mostly along water ways. Climate change also seems to have an impact on the occurrence of 
flood events. Despite of defensive measures, floods will never be under absolute control. Therefore flood 
management has to be integrated into fields such as spatial planning, legislation and alert- and alarm planning. At 
the same time flood awareness of residents has to be strengthened. These points can successfully be tackled by 
having a solid and comprehensive basis to start from: flood hazard maps. 

The clue information of flood hazard maps is the display of water depth and flood extent for several recurrence 
intervals. Generally spoken, the flood hazard maps significantly minimize the threat for lives and the risk of 
damage. 

Due to the co-operation with relevant stakeholders and authorities as well as the exchange with other European 
partners, in the course of the Interreg IIIB project SAFER, the experience of Baden-Württemberg’s mapping 
process can be taken as an example and transferred to other catchments easily. 

Keywords: Flood hazard maps, damage mitigation, definition of floodplains, users of flood hazard maps, Interreg 
IIIB project SAFER. 

1 Introduction 
According to studies, floods are the most damaging of all natural disasters [6]. Civilization is increasingly 
vulnerable to this phenomenon due to the following reasons.  

Last century the world’s urban population increased five times as much as the population in rural areas. Lately, 
this movement brought the number of individuals in the world’s urban centres up to half of the world’s population 
[7]. Taking this trend to the regional level, Baden-Württemberg’s population, increased in the last 100 years by 260 
percent [2]. 

Space for development is a scarce resource and an especially precious item in urban areas. Most cities and 
towns are located along water ways. Thereof a considerable amount of buildings and infrastructure is situated in 
former floodplains. The influx of new residents is pushing cities to make more land available for housing, 
commerce and industry. This often results in built-up areas being close to rivers and at risk of flooding. Generally 
the soaring population is settling river valleys more and more intensively. An example thereof is the map 
comparing the situation of the 19th and the 20th century in the Neckar valley (see Figure 1). 

Climate change is quite likely a new driver towards more severe flood events . Just lately researchers outlined 
that human activity, especially the raising output of greenhouse gases, is changing the distribution of rainfall across 
the globe. According to the climate models, there is a significant increase of precipitation in the northern 
Hemisphere [1]. 

Summarizing, these conditions are putting a climbing pressure on water managers. Realizing the need for 
action, Baden-Württemberg’s cabinet brought about the decision in 2003 to publish a guideline on “Flood Risk and 
Strategies for the Mitigation of Damage in Baden-Württemberg”. Therein an urgent need for flood hazard maps that 
indicate water depths and extent with varying recurrence intervals is expressed.  

Since then, the federal state of Baden-Württemberg is preparing flood hazard maps. The hazard maps of the 
Neckar catchment, being the state-wide pilot of the mapping approach, are part of the European funded Interreg 
IIIB project SAFER. 
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Figure 1. Comparison of the situation of settlements in the upper Neckar river valley in the 19th and 20th century [2] 

2 The Interreg IIIB Project SAFER 
SAFER (Strategies and Actions for Flood Emergency Risk Management) aims to develop innovative strategies and 
prevent and mitigate fluvial and coastal flood damage by working with organisations and agencies at different 
levels  in various European countries. The five project partners are adopting a common approach in implementing 
these strategies. The project is approved under the Interreg IIIB north-west Europe (NWE) Programme and part-
funded by the European Union (ERDF) [3]. 

Besides the flood hazard mapping, the SAFER partners work on two supplemental components  to achieve the 
project goals: flood partnerships and flood emergency management. Flood hazard mapping is, however, the major 
part in the Neckar catchment being the German project region. 

SAFER will come to an end in the middle of 2008 and will have received an EU -funding of more then  
€ 6 million. At this point in time the flood hazard maps for the Neckar catchment will be worked out. For more 
information about the project log on: www.eu-safer.de. 

3 Flood hazard maps in Baden-Württemberg 
The hazard mapping incentive actually was initiated by the Municipal Congress, the Council of Cities and Towns 
and the Association of the Districts of Baden-Württemberg; being a bottom-up approach. Finally the lead-
management was assigned to the Regierungspräsidium Stuttgart (Regional District Authority) – this authority is 
also the lead partner of the SAFER project.  

Since the very beginning the mapping is  done in a very close co-operation with all stakeholders, regional 
governments and local communities. For the contents of the hazard maps water management authorities, special 
and regional planning institutions, fire brigade and disaster management have been queried of what kind of 
information would be useful. For instance, the fire brigade and the disaster management mentioned a certain 
grading of the water depth. By getting this specific information, adequate vehicles can be allocated and evacuation 
plans can be worked out etc. [5]. 

The flood hazard maps of Baden-Württemberg indicate where floods will occur and how deep the water will be; 
in each case for different recurrence intervals  (10, 50 and 100 years as well as the extreme event). Figure 2 and 3 
provide an example of the map type 1 (depth) and 2 (extent).  

To date, the processing state of the flood hazard maps can be described as following: the demand analysis has 
been completed, the survey and digital terrain model are soon to be finished and the hydraulic computations are on 
the way. First hazard maps are published and can be accessed on the Internet. It’s planned to publish the remaining 
maps for the federal state till 2010. 
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Figure 2. Example of a flood hazard map showing the inundation 

 

3.1 Legal impact of the flood hazard maps  

Embedded in the Water Act of the federal state of Baden-Württemberg the flood hazard maps have a very strong 
legal impact. The maps define floodplains and flood risk areas and have an instant effect on, among others, water 
management, spatial planning and agriculture. For instance, in the flood core area - land inundated by a 10 year 
event - the reversion of grassland is prohibited. The expansion of settlements in floodplains is only possible as an 
exception and in agreement with the water management authorities. Depending on the protection grade there are 
strict requirements that apply to the storage of substances hazardous to water. 

In the future, regional plans will assign areas to one of the following two categories. Priority areas: intended as 
preventive flood protection and to avoid the risk of new damages, to conserve and activate natural floodplains as 
well as to maintain the possibilities of the development of water bodies and the restoration of floodplains. And 
reserve areas: intended as preventive flood protection and for the mitigation of damage risk [5]. 

4 Flood hazard maps for different target groups  
Flood hazard maps are a product which is useful to a huge variety of individuals, institutions and organizations. In 
the following section, however, there is only focus on a few end users . At the same time water management, special 
planning and insurance companies do considerably profit from the mapping results. 

The general public has several essential benefits. Firstly, people can use the information and superimpose 
recommendations of quick and inexpensive ways to prepare a house or apartment for flood events and thereby 
prevent major damage. Secondly, flood hazard maps display when, where and to what height water will rise. People 
can establish their own alert and action plans. 

Flood risk maps are a useful tool to decide whether structural steps should be taken. In this way, buildings in 
risk areas can be protected using special building materials and, e.g. electronic and heating appliances can be 
moved out of the cellar and into the upper levels  [4]. 

For local authorities and municipalities the flood hazard maps e.g. form the basis for alert and action plans. Each 
authority must evaluate and plan preventive measures that are required in relation to potential scenarios. 

Equally, flood risk maps are likewise important for local authorities and municipalities in the regard of urban 
drainage. The maps indicate the effects of flooding on sewers, specialised structures and sewage plants. They also 
show which “low-lying areas”, not directly impacted by flooding, might be subject to a flood risk through the sewer 
system. This makes it possible to determine design and operational measures to protect drainage facilities as well as 
residential areas [4]. 
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Figure 3. Example of a flood hazard map showing the water depth 

Industry and commerce do have often to bear extreme flood damages. It is therefore particularly important to 
have a basis for the creation of alert and action or evacuation plans. The maps enable the companies to put up plans 
for flood defence and for the evacuation of production facilities . 

Companies can also use the maps to check the level of risk to facilities that house water-hazardous substances 
and identify, where necessary, whether they need to be retrofitted. In addition to such advantages for industrial and 
commercial business, other companies – often those with multiregional interests – can also benefit, e.g. major 
energy providers and public transport providers, who can use comprehensive flood hazard maps to further adapt 
and safeguard their infrastructure [4]. 

5 Provision of flood hazard information 
The general public can access the hazard maps via the Internet for free. The viewer provides both types of hazard 
maps to a scale of 1:5,000 (http://www.hochwasser.baden-wuerttemberg.de/servlet/is/15783/). 

For local authorities and municipalities a new feature has been developed, the print-on-demand viewer. Therein 
the user can chose type, scale and location of interest according to its needs and send an order to receive all that as 
print out. The print-on-demand viewer allows a very flexible and user orientated way of providing the hazard maps 
that for instance is not settled on a fixed sheet line systems . 
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Abstract 
The Plan of Basin is the tool used by Italian Authority of Watershed to guarantee the hydraulic safety, the correct 
use of the water resource and the guardianship and management of Italian field. Particularly a detailed program for 
the flood defence contains the delineation of flooding risk areas and the actions to reduce the hazard to human life 
and the damages when a catastrophic flood event occurs. For these aim hydrodynamic studies has been carried out 
along the major rivers of Basilicata Region, in order to create flooded area maps. The present work shows GIS 
applications as instruments to support a more correct definition of flooding risk areas. The study area is Basento 
River in southern Italy and the software used for the hydrodynamic simulations are:  Hec Ras (for mono 
dimensional studies) developed by the Hydrologic Engineering Centre; MIKE Flood developed from Danish 
Hydraulic Institute for bidimensional study in coastal plain. The river cross sections are obtained by grounded 
topographic relief in the first case, by laser scanned data in the second one. The GIS has been used either as input or 
as output of the hydraulic modelling. In the first case it has allowed to integrate the information about planimetric 
development of river and grounded cross sections through a detailed DTM (Digital Terrain Model). In the second 
one, the water surface elevation and top width achieved in riverbeds, for each hydrodynamic simulation, has been 
used with GIS software to draw the different flooded area maps. In particular differences between the results 
obtained using an automatic interpolation of cross sections with the HecRas tool and those obtained using river 
cross sections extracted by DEM are been evidenced. For the coastal plain, with the use of laser scanning 
techniques is possible apply bi-dimensional hydrodynamic model with accuracy data and more correct to describe 
the hydrodynamic motion on flat areas.  

Keywords: Risk flood, hydrodynamic models, laser scanner data, DTM, GIS applications. 

1 Introduction 

Current Italian land protection legislation identifies the River Basin as the ideal territorial unit for research and 
action aimed at land protection and conservation of water resources. It is a complex environment where problems 
arise from the interaction of numerous factors including fluvial dynamics and slope stability as well as natural and 
anthropic phenomena. The location and delimitation of the hydraulic risk area constitute an important means for the 
application of planning programs of the hydraulic interventions. The Italian Basin authorities identify these areas in 
different ways, in relation to both flood risks as well as to possibilities of natural and environmental restoration. 
This paper presents studies aimed at the determination of areas of fluvial pertinence within the framework laid out 
in the Basilicata PAI; the flood propagation has been simulated with two models : Hec-Ras developed by 
Hydrologic Engineering Centre, of USACE for the mono dimensional solution and MIKE 21 (Danish Hydraulic 
Institute) for the bi-dimensional one.  

2 Area of study 
The area under study, Basento river basin, 157 km long, covers about 1500 km2 and belong to the districts territory 
of the inter-regional watershed of Basilicata, figure 1. Basento River presents different morphologies: incisions in 
rock formations or strongly cohered terrain, steep/pools, flood plain, braided or bar braided, anastomosed, 
meandering et cetera [1], Each morphology requires suitable hydrodynamic models in order to define the flooded 
areas.  
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Figure 1. Districts territory of the inter-regional watershed of Basilicata with Basento river basin and river network 
 

3 Methodology applied 
Data collection – At first a protocol for a survey of river cross sections and their granulometric characteristics was 
defined. Surveys of about 560 cross sections were carried out along the main river course, fig.1. These included all 
the water works and all the river crossings and surveys were also carried out of the longitudinal profiles of the 
embankments. All the georeferenced and duly coded information was memorized in a geographic data base and 
superimposed on ortophotos with 1:5000 scale. In order to experiment new survey methods coupled with 
hydrodynamic simulation models, several surveys, in coastal plain, were carried out using laser scanner technology. 
The scanned area covers a fluvial strip which extends for about 3.5 km on both the hydraulic left and right. The 
functioning principle of laser scanning lies in the scansion of the territory from the aircraft platform using a 
telemetric laser, which measures the distance from the area in terms of the time taken by the laser beam travelling at 
the speed of light, to complete a return journey. Knowledge of the position and the condition of the aircraft at every 
moment which is usually assured by the integrated system GPS-INS facilitates the identification of the points in 
space which reflected the laser beam. The first product of the scansion laser is a cloud of points which constitute the 
DSM (Digital Surface Model). These points can be utilized directly or elaborated to calculate the value of a regular 
grid using interpolation filter techniques. Starting from a DSM it is possible to generate a Digital Elevation Model 
and a Model Keypoints (MKP) containing data considered to be key points of the digital surface. In the case under 
examination the utilization of MKP permitted the generation of bathymetry, useful for bidimensional simulation. 
The vertical accuracy of DTM is fundamental in the floodplain extend calculation, in very flat areas small 
differences in elevation values may extend over several meters. 

 
Hydrologic model - The hydrologic study, utilized for the estimation of flood risk in any given section of the river 
network, is based on peaks methodology VAPI already carried out in the Basilicata region by Claps & Fiorentino 
[2]. This methodology makes reference to a probabilistic approach for the estimation of maximum annual peak 
flows. To reduce uncertainties related to the presence of very rare extreme events and to the spatial variability flood 
index, a methodology of regional analysis was adopted which also used conceptual models of the formation of 
stream flow caused by the heavy precipitations recorded in the basin. This approach allowed the use of all the 
hydrometric and pluviometric information of a given area. A two component extreme value (TCEV) [3], 
probabilistic model was adopted which interpreted maximum annual events as a result of a combination of two 
distinct populations of data: one producing ordinary more frequent but less intense maximum events, the other 
giving rise to less frequent but extraordinary and often catastrophic events. A number of river sections, largely 
corresponding to the principal affluent on the water courses under study, have been identified and their catchments 
areas calculated. In these river sections the mentioned method VAPI, has been applied and flood peaks have been 
computed for two different return periods: 30, 200 years. 

 
Hydrodynamic models - The hydrodynamic data were calculated using two well known and consolidated 
hydrodynamic models: HEC-RAS (River Analysis System) developed by the Hydrologic Engineering Centre, of 
the United States Army Corps of Engineers, with HEC-GeoRAS ArcView extension, [4], and Mike Flood of the 
Danish Hydraulic Institute Water & Environment, DHI [5], [6].[7]. These models can be linked to GIS systems to 
preprocessing and post-processing modules. The first one has been used for monodimensional simulation in incise 
river branch (in rock formations or strongly cohered terrain), the second one in flood plain and in meandered 
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branch. The MIKE flood by DHI Water & Environment was utilized allowing the dynamic coupling of the bi-
dimensional code MIKE 21 and the one-dimensional MIKE 11, under unsteady flow conditions. 

4 Results and conclusions  
Remembering the aim of study, the steps of elaboration can be resumed: 

1. verify the hydraulic results obtained in sections automatically interpolated by software HEC-RAS starting from 
ground surveyed sections  

2. comparison with same results obtained in sections extracted from Triangulated Irregular Network (TIN) 
generated by topographic map 1:5000; 

3. comparison of results in flat areas obtained using TIN DTM data and Laser scanned data. 
In the Hec-RAS model, it is possible to generate interpolated sections between two ground surveyed sections in 
order to reduce the spatial variable dx of numerical resolution. The interpolation algorithm traces cord between 
significant points of considered sections. The master cords joint extreme points of two considered sections and 
talweg, minor cord are automatically generated by software joining proportionally, between master cords, the 
remaining point of the considered sections. Here an interpolation dx equal to 20 m has been used. 

In order to obtain river cross sections from DEM are necessary, in ArcView, some elaborations such as creation of 
TIN Model starting from available grid, 5m x 5m resolution (extracted by horto-photomap 1:5000), integrated with 
hard break lines representing: - the river talweg, - the cross sections ground surveyed and embankments; in fig 3b is 
reported a sketch of TIN. With a suitable ArcView script numerous sections are extracted from TIN DTM, 
specifying the dx step, fixed equal to 20 m, fig 2a. In this manner has been obtained in the same position sections 
generated by Hec-Ras and sections extracted by TIN. For example in fig 2b is reported the comparison between 
sections extracted by TIN and interpolated by Hec-Ras, referred to fig. 2a.  

Such types of differences are frequently when there are abrupt variations of river width, waterworks or the distance 
between the ground surveyed sections is too much. Hydrodynamic data obtained using the different sets of sections 
are reported automatically in ArcView through another suitable script and in fig 3 and fig 4 the differences in terms 
of hydraulic height and top width are reported. 
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Figure 2. Sections comparison included between the ground surveyed BST_261 e BST_262 (red HEC, Blue TIN) 
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Figure 3. Comparison between hydraulic height in sections extracted by TIN and obtained by Hec interpolation for QT30.and QT200 

  

Figure 4. Comparison between top width in sections extracted by TIN and sections obtained by Hec interpolation for Q30 and 
Q200 
 
For the very flat areas even data extracted by TIN (generated by 1:5000 topographic map), are inadequate to 
represent the flooded areas. In such cases are necessary more accurate surveys[8]. Laser scanner technology [9] is a 
very powerful system to represent the Digital Terrain Model and Digital Surface model in very accurate manner 
useful to describe topography, vegetation and antropic manufacture such as building or infrastructures, data 
necessary for a more correct hydrodynamic simulation. In fig. 5 is showed the differences between flooded areas 
evaluated by monodimensional model with above mentioned TIN data and those obtained by application of MIKE 
Flood with laser scanning data[8]. It can be noted that for QT=30 the mono and the bi-dimensional model have the 
same behaviour because the discharge is fully contained in the main channel. For QT=200 bi-dimensional model 
return values that correctly take into account the terrain morphology.  

 

 
 

 monodimensional  bidimensional  

N 
section  

Yw30  Yw200  Yw30  Yw200  

543  9.7  10.95  9.63  9.78  
3  8.58  10.82  9.27  9.28  

547 m  8.04  10.4  9.10  9.11  
549bis  5.32  6.8  7.37  7.37  

558  3.3  4.23  3.2  3.21  
561  2.76  3.65  2.87  2.96  

Figure 5. Flooded areas for QT30 a) monodimensional – b) bidimensional  and relative hydraulic height differences 
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1 Introduction 
DIPECHO_CPDRR 1(Community Preparedness for Disaster Risk Reduction in central and eastern Nepal) is a 
project that enhances the capability of local communities  to prepare , mitigate and cope with  disasters. Supported 
by the European Commission through its Humanitarian Aid Department, the project focuses on establishing 
Disaster Management Teams  at the lowest level (village). The Project support is directed towards securing lives 
and livelihoods of the poorest, which are disproportionately affected by, and vulnerable to disasters. The project 
worked in three Districts of Nepal . Kathmandu valley , where it focuses on earthquake preparedness and in Jhapa 
and Rauathat Districts where the focus was on flood preparedness  

In the current program  the local communities were the  entry points , and need based skill training was given  to 
enhance their knowledge of Disaster Preparedness. Thereby, the project strategy improved the local coping 
mechanisms through organization, training, mobilization, preparedness plans, small-scale mitigation schemes and 
linkages with local, regional and national institutions.  

The project established 364 Task Forces to respond effectively before, during and after disasters; and 734 
masons/ technicians are trained to apply earthquake safety construction skills. 

Time Frame: February 15,2006- July 15th 2007 : Country of Operation: Nepal  

 

2 Background  

Nepal is exposed to several types of natural disasters, such as floods, landslide, earthquake, fire, and droughts. The 
rugged and fragile geophysical structure, the very high angle of the slopes, complex geology, variable climatic 
conditions, , unplanned settlement, the dense and increasing population, the poor economic condition and low 
literacy rate have made Nepal vulnerable to various types of disasters. The constant tectonic action of different 
degree along with the varied intensity of weather condition has had a diverse effect on the stability of the earth’s 
surface and impacted on the flow of the rivers... The Himalayan region of Nepal is one of the severest flood prone 
zones. Beside heavy precipitation, high wetness and steepness of the watersheds and river channels contributes to 
flood magnitudes. Mainly, the middle hills are prone to landslides and the plains are prone to flood and fire. These 
disasters occur almost every year in one part of the country or the other causing loss of life and heavy damage of 
                                                                 
1 Paper presented at the WaRela Conference on Integrated catchment Management for Hazard mitigation “ September 24-26th , 
Trier , Germany  
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property.  According to the statistics available 26,059 people have died due to natural disasters between 1997- 
2005, out of which 2,812 have been caused by floods. The present onslaught of heavy rains (July – August 2007 
Nepal) is causing a national crisis with reported weather forecasts, showing no respite for the weeks to come .  

 

2.1 Target population   

The aftermath of disasters brought on by the onslaught of the monsoon. especially creates “ vulnerable “ peoples, 
effected populations , at risk due to the proximity to high flooding areas. In the case of Nepal , they are “doubly 
marginalized” due to the social discrimination they face as being groups categorized as ethnic minorities, Dalits1, 
living on nutrient scarce lands, or landless tenant subsistence farmers. For the poor, vulnerability is defined as a 
measurement of resilience to the shock , triggered through an event , in this case floods, landslides , earthquakes , 
cut off from basic facilities , loss of livelihoods and lands , resulting in the decline of their wellbeing. 

2.2 Project Focus  

In an attempt to mitigate the damages caused by the flash floods/floods in the Terai2 Districts DIPECHO – CPDRR 
attempted to include such peoples in the project initiatives through: 

- selection of vulnerable areas/communities through Participatory Vulnerability  Analysis and hazard mapping . 
Mobilization of communities through motivational training , with community volunteers acting as facilitators 
/negotiators with the community 

- Formation of Task Forces and Disaster Management Teams. There are 52 DMTS , each consisting of 7- 8 Task 
Forces , who were trained in skills like First Aid, Search and rescue training for flood situations, leadership and 
communication, PRA and Gender orientation, construction of bio engineering works,  

- All DMTS were equipped with Emergency kits and trained on their maintenance  and usage 

- Initiation of Small scale Mitigation works like checkdams, tree plantations, rehabilitation and repair of river spurs, 
culverts, minor  bio engineering  works, etc 

- The Project ended with mock drills conducted by each community DMT, along with the involvement of the local 
district authorities, and other community members.  

3 Lessons learned3 

Involvement of the communities in work that was of interest to them, which created community ownership for 
DIPECHO initiatives. Social inclusion of vulnerable groups was taken into consideration by communities . 
Community based approaches bridge the gap between local government and the communities 

                                                                 
1 Dalits: people belonging to the occupational castes , differentiated as being “untouchables ‘ by the Hindu caste system 
2 Vulnerable perception of Disaster , paper presented at DPRII_IIASA, 3rd International Conference on Integrtaed Disaster Risk 
Management, july 3-5 ,2005 , Kyoto, Japan. Author : Komal Ray Aryal 
3 Terai : Plains area of Nepal spanning the entire country from east to west , where most donstrem populations are located . 
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Task Force Formation through communities mobilization  in a country during a transitional peace process, was 
an uphill task , but achievable as people  saw/understood the importance of preserving their resources  , beyond 
partisan politics .Communities support and protect what they contributed to, and which strengthen their  traditional 
coping mechanisms first. 

Communication Use of simple language for community should be in a sensitive language / manner in line with 
traditions but mixed with new ideas and strategies. Messages should o be closely related to the realities of target 
groups Local and indigenous knowledge  shoudl be integrated in the development of awareness arising methods . 
Use of locally acceptable communication methods for information communication and awareness raising are 
important.  

Small scale mitigation works are a good incentive for community mobilization and were discussed  and planned 
with community and also cross-checked with a technical experts. They were the biggest success in bringing about 
community cohesion , participation of men, women from socially marginalized groups . The visiblility and success 
of the mitigation works also established creditability with warring groups in an area of armed conflict nevertheless  
contingency plans should  address the limitation of small scale mitigation, capacities of communities for disaster 
preparedness, provide appropriate support systems and linkages to strengthen the same .In small mitigation works 
both downstream and upstream communities should be involved to avoid conflicts and one should consider 
conditions to replicate /upscale  (cost effective, local technology) 

Unplanned road and infrastructure  construction in watersheds and upstream areas create hazards for 
downstream communities that are difficult /impossible to mitigate  

 

4 Challenges  

Any effort at hazard mitigation, disaster preparedness , capacity building of communities to respond cannot be a “ 
quick – fix” method. Understanding the nature of the hazard, the communities it will impact upon and the nature of 
the donor perspectives is the biggest dichotomy in what one would wish to do . With due respect to the  intention 
there were challenges that were particular to the  context as stated under  

• The short duration of the  programme was not enough to be able to better monitor, upscale and link 
activities to government initiatives  

• Political unrest and access to communities was restrained due to frequent calls for closure of roads, strikes 
, peoples movement , security threat to staff, flash floods . 

• Early warning systems for flash floods were inadequate due to short lead time for this hazard; uneven 
playfield between different countries in skills to DRR 

• How to incorporate DP into emergency response?  
• DRR / DIPECHO targeted at the  secondary priorities of communities. Livelihood was  not number ONE 

priority  
• Integration of women in operational issues  was difficult due o the socio – cultural context , even though 

women were de facto heads of households  
• Other donors do not prioritise DP / DRR as part of their development focus. 
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• Organizations involved at local level and at the coordination  lack understanding of DP/DRR 
• Lack of HR exp ertise, They was a definite lack of specialized services that would have strengthened the 

projects, like monitoring tools. Organizations were using methodologies that were difficult to standardize . 
• Policy implementation at village level was  difficult due to the large gap between Community Priorities 

and National strategies  
• Remote areas which are hard to access due to the spatial spread of settlements in downstream areas  
• Better coordination between donors and disaster preparedness projects in Nepalis  needed and last but not 

the least 

“Ensuring everybody knows how to react and what to do” 
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Abstract 
European water legislation demands from all Member States the establishment of river basin management plans 
(Art. 13 WFD) and flood risk management plans (Art. 7 FD). Coordination between both management strategies is 
intended (Art. 9 FD), but widely left to the Member States. 

The analysis of intersections between river basin and flood risk management planning reveals numerous 
linkages and overlaps in the field of “naturogenic” and anthropogenic driving sources. The planning cycles offer 
both potential synergistic effects and conflicts concerning data requirements, objectives and the planning of 
measures. Hence, approaches for usage of synergetic effects and/or handling of conflicts between river basin and 
flood risk management planning are needed. Propositions for adjustment of both management approaches are made 
in this paper. 

Keywords: European water policy, WFD, Floods Directive, river basin management, flood risk management, 
spatial planning, sectoral integration 

1 Introduction: Planning instruments of European Water Policy 
By adopting the Water Framework Directive (WFD, [1]) and releasing a proposal for a ‘European Directive on the 
assessment and management of floods’ (Floods Directive, FD, [2]) the European Commission is creating a common 
legislative framework for water policy in all Member States. Both directives use the instrument of plans as a 
strategy to achieve their objectives. 

River basin management planning (RBMP, Art. 13 para. 7 WFD) aims at achieving a good ecological status of 
all water bodies by 2015. The flood risk management plans (FRMP, Art. 7 FD) are supposed to ensure appropriate 
levels of flood protection. Coordination between the two planning instruments on river basin level is intended 
(Art. 9 FD). The questions to be answered are at which planning steps of river basin and flood risk management 
coordination is required, and how it can be achieved.  

2 Approach 
Firstly, natural processes in river basins were analysed in order to reveal where relevant processes for RBMP and 
FRMP are redundant or linked. Using the DPSIR model (cf. [3], [4]) and the SPRC model (cf. [5], [6]) as 
theoretical background, starting points for RBM and FRM were ascertained and overlaps identified. 

Secondly, river basin and flood risk management plans were screened for objectives, measures and planning 
procedures possessing possible synergies and conflicts. As no river basin and flood risk management plans 
fulfilling WFD and FD requirements are adopted yet, the directives, correspondent German law, model projects, 
older planning instruments, recommendations of research projects and public authorities were examined instead. 
Objectives and management targets were deduced from the theoretical background and directives regulation. In the 
following, the potential effects of measures and instruments regarding the achievement of management targets were 
assessed. 

Once having identified the planning steps that exhibit possible synergies or conflicts, potential methods for 
adjustment are proposed. 

                                                                 
 Presented at the WaReLa, Trier, September 24-26 2007 
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3 Results: Requirements of coordination between river basin management and 
flood risk management 
3.1 Overlap of natural processes of relevance for river basin and flood risk management 
The instruments and objectives of the Water Framework Directive (WFD) and Floods Directive (FD) are 
concurring management approaches in the river basin. On the one hand, ecocentric river basin management (RBM) 
aims at reducing emission and immission of pollutants as well as at the protection and improvement of the state of 
aquatic ecosystems and their floodplain. On the other hand, the anthropocentric oriented flood risk management 
(FRM) tries to avoid flooding and to protect the s ociety from floods.  

However, both management approaches are compulsorily based on the same process factors , like landscape and 
water household processes and human influence (cf. [7]: 342). Examples for coupled components and processes are 
climate variability including climate change, characteristics of the river basin district (e. g. topography, soils, 
vegetation …), and processes in the channel like run-off generation, groundwater recharge, transport of particulate 
matter and sedimentation, hydraulic discharge or exchange with the floodplain and wetlands. The anthropogenic 
intervention in the natural system (e. g. use of land or water) influences both the ecological and chemical status of 
water bodies and the flood risk.  

3.2 Synergies and conflict potential of river basin and flood risk management 
3.2.1 Objectives, targets, indicators  

The objectives of WFD are characterised in Art. 4, Art. 9, Art. 10 WFD, while the FD commits the definition of 
”appropriate objectives” for flood risk management of the areas at risk widely to the Member States (Art. 7 para. 2 
FD). Based on the directives and the theoretical background, management targets have been deduced from the more 
or less abstract objectives. 

Synergies of targets appear particularly in relation to “improvement of ecological structure”, “reduction of input 
from diffuse sources” or “limitation of anthropogenic changes of ground water” (RBM), and “creation of room for 
overflowing”, “retention of water” and “adaptation of land use in the flood plain” (FRM). Conflict potential 
especially arises from targets involving hydromorphological structure in cases where enhancing flood protection 
implies the degradation of river morphology, physico-chemical characteristics and thus the biological quality of 
rivers. 

Monitoring of ecological and chemical state partially uses the same indicators as the assessment of flood risk 
management strategies, e. g. discharge, number of pollutants in the flooding area, water quality during a flood 
event, groundwater level. 

3.2.2 Instruments and measures  

Possible interventions of river basin and flood risk management are numerous and are not restricted to water 
management but involve different fields of action. In the catchment river basin or flood risk management, actions 
are settled in the fields of agriculture, forestry, water supply, water distribution, and waste water management. They 
show predominantly synergic positive effects because they aim at the detention either of water or pollution which 
are coupled processes (cf. section 3.1).  

Spatial and environmental planning instruments can be powerful tools for support and adjustment (see below) of 
both river basin and flood risk management measures in the catchment and along river stretches. By means of 
“mitigation measure banks“ or (inter)communal ”compensation area pools“ connected passages along rivers may be 
saved for optimal ecological development as well as overtopping flood events . Several “non-structural” flood risk 
measures (cf. [8]) in the channel or floodplain may be used either for river basin or flood risk management. Often 
they are also in line with the objectives of nature protection.  

Numerous conflicts become evident concerning construction measures and their maintenance. Longitudinal 
structures, lateral structures connected to quantitative and qualitative sediment management and regulated polder 
often oppose to the achievement of good ecological status. But their removal or the rehabilitation of water bodies 
may cause an augmenting flood risk for areas with high vulnerability. That’s one reason why some pressures or 
impacts of the ecological state of water bodies will stay inevitable and/ or irreversible. Therefore, compensatory 
measures will play an important role in the implementation of the WFD. 

3.3 Planning steps with necessity for reconciliation 

The analysis of synergy and conflict potentials between river basin and flood risk management plans reveals 
thematic overlaps as well as the necessity for coordination in almost all planning steps (cf. figure 1). 
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Figure 1. Demand for adjustment in different steps of river basin and flood risk management planning.  1a-c Inventory, 
Monitoring of state of water bodies (WFD) and of flood risk assessment (FD) share data requirements. 2-3 Objectives and 
Selection of measures show strong synergies and conflict potentials that need to be adjusted (cf. Section 3.2). 4 Implementation 
of measures demands for adjustment of responsibilities, funding and priority setting. Abbreviations: EIA – Environmental 
Impact Assessment, IA – other impact assessments (e. g. impact regulation according to Sections 18 et seq. Nature Conservation 
Act, appropriate evaluation according to Art. 6 para. 3 Habitats Directive) 

3.4 Approaches for the reconciliation of river basin and flood risk management 
In every planning step showing a demand for reconciliation, agreements for the cooperation of river basin and flood 
risk management and procedures for reconciliation need to be developped. In table 1 instruments for the 
identification of potential synergies or conflicts are proposed. 

Table 1. Instruments for the identification of possible synergies and conflicts of river basin and flood risk management  

Planning step Instruments for the identification of potential synergies and conflicts 

A Definition of 
objectives 

Identification of conflicts between RBM and FRM targets is integrated in 

- the review of environmental impacts of human activity and economic analysis of water use 
(Art. 5 WFD),  

- the definition of environmental objectives and verification of exemptions (Art . 4 WFD) 

B Selection of 
measures 

Pre-selection of potential measures: 

- A catalogue of all relevant measures for river basin and flood risk management  
and their positive and negative effects on targets of RBM, FRM and other management sectors 
(e. g. agriculture, nature protection, urban development …) would be a useful tool 

Allocation and evaluation of measures: 

- The summary of measures in the FRMP (see annex A Floods Directive Number 4) include 
flood related measures taken under the Directives of Environmental Impact Assessment (EIA), 
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Seveso II, Strategic Environmental Assessment (SEA) and WFD. Thus, it is compulsory to 
demonstrate and use synergies. 

- The analysis of cost-effective combination of measures should not only include the cost and 
effectiveness of the actions for RBM but as well the benefits and costs for FRM and other 
management targets. Thus, synergies and conflicts can be identified. Due to the effort, a 
traditional “quantitative” cost-benefit-analysis (CBA) is rarely applicable in practice. Instead 
the costs and benefits can be assessed by qualitative methods. 

- The Strategic Environmental Assessment (SEA) of WFD programmes of measures and of 
flood risk management plans includes the assessment of synergies and conflicts between FRM 
and WFD measures and targets 

- Instruments of spatial planning (regional plans, urban development schemes) can visualise 
overlapping zones e. g. priority areas/ areas of reservation for groundwater protection, flood 
retention, nature and landscape protection and thus help identify synergy potential and conflicts 

- A plan of conflicting zones and synergistic measures can be developed. Therefore instruments 
of landscape planning can be used if applicable. 

C Implementation 
of measures 

Detailed planning of the implementation of measures is the last step where positive and negative 
effects of a measure on RBM, FRM and other environmental objectives are assessed. Therefore 
existing procedures can be used including 

- the authorisation of measures according to the German Water Act, 

- the Environmental Impact Assessment (EIA), 

- the German impact regulation according to Sect. 18 et seq.German Nature Conservation Act, 

- the appropriate evaluation according to Art. 6 para. 3 Habitats Directive, 

- the German spatial impact assessment for spatially significant projects such as large 
reservoirs, dams and flood polders or transport projects 

All planning steps The different responsable authorities need to identify common data requirements within the scope 
of inventory, surveillance or monitoring.  

All important stakeholders can be assembled in a river (sub-)basin commission which can be used 
to identify synergies and conflicts as well as to adjust different management targets  

 

Concerning conflicts between FRM and RBM objectives the WFD grants less stringent environmental objectives 
(Art. 4 para. 3 a iv, Art. 4 para. 7, Annex II para. 2.4 WFD) due to flood risk management. 

As for the (pre-)selection of measures, authorities should clearly outline priority criteria. One criterion for the 
selection of measures could be that the actions accord to RBM targets and FRM targets and / or avoid conflicts 
between them. Those actions preferred should be promoted by regulatory instruments (laws or decrees), economic 
instruments (funds, pricing) and sectoral planning instruments.  

The planning of measures needs to use and adapt existing water planning instruments and other sectoral plans 
e. g. agricultural or forestry development schemes, urban development schemes, management plans of protected 
areas as well as plans of sewage systems. For instance, local communities need to be incited to use community pre-
emption or (inter)communal “compensation area pools“ in favour of the development of green corridors along 
rivers. Where executed, the SEA can be used for adjustment, the mitigation of conflicts and the support of positive 
synergistic effects. Also the integration of external costs and benefits into calculation of prices for hydropower, 
navigation, flood protection or their contribution to mitigation of impacts should be envisaged (cf. [9]). 

The mentioned authorisation procedures for the implementation of measures (cf. table 1 line C) do generally 
integrate the denomination of avoidance, mitigation or compensatory measures. In this context a maintenance 
concept for quantitative and qualitative sediment management can be useful for adjustment of the interests of RBM, 
FRM, nature protection, navigation and mining. 

Synergies referring to inventory, surveillance, or monitoring data can be capitalised on if the responsible 
authorities agree about standards for data acquisition, collection and recording. Where possible the same indicators 
should be applied. For instance, RBM indicators can serve as indicators for the achievement of the FRM target 
“limitation / reduction of ecological vulnerability of channel and flood plain”. 
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OUTLOOK 
The author is developing a theoretical framework for an integrated river basin management plan in Germany. 
Within this work methods for reconciliation of river basin and flood risk management should systematically be 
reviewed. Finally, the concept will be discussed with concerned authorities. 
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ABSTRACT 
Previous flood protection management activities have predominantly been concentrated on central engineering 
protection measures. But there is a growing interest in the possibilities of flood protection through decentral 
preventive measures, namely by changing landuse throughout the entire river catchment. The aim of the Eco-
efficiency Analysis (EEA) of Decentral Flood Mitigation Measures is to assess the ecological and economic 
consequences produced when implementing those measures. EEA was elaborated in the context of the Interreg III b 
project WaReLa (Water Retention by Landuse) and is the last step in a decision hierarchy within the decision 
support system (DSS) relating to spatial planning of flood prevention. The principle approach of EEA is to assess 
economic and ecological aspects, then combine them with water retention effectiveness of decentral flood 
mitigation measures within a timeframe of 80 years. By means of an Eco-efficiency Portfolio as a visualization-tool 
it is possible to compare, as well as choose between various measures, according to the preferences and normative 
background of decision makers. 

Keywords: Eco-efficiency, economic assessment, ecological assessment, decision support, landuse management 

1 Introduction 

Experiences in flood disasters allow us to assume that existing engineering flood prevention measures are not 
sufficient to prevent flood disasters. In addition to flood disasters on major rivers, damage caused by the flooding of 
smaller and medium-sized tributaries is also of considerable significance. 

To ensure that flood protection measures are effective, engineering flood prevention measures on the rivers 
must be supported by integrated catchment management. This includes preventive water retention measures 
implemented in the sectors of forestry, agriculture and in residential areas. These instruments and specific regional 
planning procedures can form the basis for co-operative international river basin management to ensure the 
permanent precaution of flood damage and, like the EU Water Framework Directive, promote high-quality and 
ecological international river basin management (http://www.warela.eu).  

Within the EU INTERREG IIIb Projektes „WaReLa – Water Retention by Land Use regional steering elements 
for transnational river basin management and flood protection are developed. The EEA is part of WaReLa  and 
contributes to the following modules: 

• evaluation of the economic, ecological and water management efficiency within the scope of an Eco-efficiency 
Analysis. 

• Elaboration of regional steering elements for transnational river basin management and flood protection. 

• Development of an internationally-applicable spatial planning instrument - the “eco-efficient Decision Support 
System (DSS) for flood and retention potential in spatial planning”. 

2 Objectives and Methods applied 
The aim of the Eco-efficiency Analysis (EEA) of Decentral Flood Mitigation Measures is to assess the ecological 
and economic consequences produced when implementing those measures. In cooperation to the other parts of 
WaReLa the results of the assessment help to find out the most suitable flood protection management activity 
within a special area, and therefore represent the economic and ecological basis for further consideration processes. 
In order to achieve widespread applicability, the EEA is applicable in both forestry, agriculture and residential area. 

Methodological requirements were both practicability, transparency and scientific validity. In order to address 
the problem of several levels of subjectivity, a methodological approach was chosen that was able to link both 
qualitative and quantitative analysis and assessments. Due to the characteristics of decentral flood mitigation 
measures, existing Eco-efficiency Analysis were modified by incorporating modified procedures of dynamic 
investment analysis and “interference assessments”. 
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3 Flood protection through decentral preventive me asures 
Due to Worreschk [2000], the hight of flood depends besides the temporal and spatial distribution of precipitation 
on the capability of soil, vegetation and the water distribution network to store water. Besides, the shape of the 
watershed has an impact on floods. Decentral flood preventive measures are different to central flood preventive 
measures in the way, that decentral measures prevent floods in their development, but central measures try to 
“manage” the existing flood. Other distinctions can be drawn by looking at the size of the measures and technical or 
natural aspect of the measure. 

4 Eco-efficiency Analysis  
The definition of EEA used in the project is based on the simple assumption, that EEA = added value / “reduced” 
value. Added value represents mitigation effectiveness, ecological revaluation, financial income and avoided 
economic damage. Reduced value incorporates ecological vitiations and costs of the measures. 

In order to classify the EEA, it is valuable to compare it with the Cost-Effectiveness-Analysis. Direct costs and 
income as well as economic vantages through the prevention of damage are correlated with the effectiveness of 
retention measures. Additionally ecological impacts are correlated. Their assessment can be compared with 
methods that are used in environmental impact assessments. 

4.1 Assessment 
4.1.1 Ecological Assessment 

The ecological assessment serves to identify the measure with the least negative effects or the one which is most 
environmentally friendly. Guiding principles for finding the least negative impact are both environmental factors 
(in this case Sustainable Use of Landscape) and human welfare. The appraisal is based on the methodological 
approach of assessing the value of landscape on its suitability (Löffler & Steinhardt [2004]: 150) to fulfill certain 
functions (such as habitat functions, climate functions, or soil functions). Within the project, the micro- and lower 
meso scales (biotopes and biotope complex) has been tested. Despite, the concept is also applicable on the macro 
scale (landscape, watershed). 

The ecological assessment is carried out similar to an ecological risk analysis. Unlike normal ecological risk 
analysis, the used methodology tries also to find positive impacts of measures. The fulfillment of particular 
landscape functions is classified in three classes for each point in time; the ecological development can be depicted 
with key-values, an Ecological Single Key Value is for the development of single functions, and a Cumulative Key 
Value is an aggregation of all classified functions within a timeframe of 80 years.  

4.1.2 Economic Assessment 

The economic assessment is based on Dynamic Investment Analysis. Due to the long timeframe considered  
Dynamic Investement Analysis proves as the best approach. Different points in time can be compared, as well as 
reinvestment costs considered. The main focus lies on the direct costs of the measure. They are divided in 
investment costs – which in general includes the cost of acquisition, construction as well as reinvestment – and 
operating cost with personal, material and energy cost. Indirect or opportunity costs, which are often caused by 
extrusion and loss of use, are more difficult to capture (Meyerhoff [1999]: 12). Indirect or opportunity costs are 
only considered when a significant effect may be expected (Interwies et al. [2004]: 55 pp). Indirect cost are not 
readily identifiable with a specific product or service, but are rather cost effects with no immediate relation to a 
measure, e.g. change of asset value. External or social costs may be considered within the benefit analysis when 
possible. This should be well founded and is part of the decision making process. They may be included within the 
examination of additional economic impacts on meso-scale. In order to compare the respective costs of measures, it 
is necessary to adjust them with discounted cash flow methods. It is common for investment projects, and also 
within the water management, to distinguish between two procedures used for cost assessment: the Net Present 
Value of project and the Annual Cost of project. Both are economic key values. The Net Present Value of project 
depicts the total cost of a measure – over the entire period – in reference to the initial date, which is the actual date 
of imp lementation. For this reason, costs prior to the initial date must be compounded and future costs are 
discounted.  

4.1.3 Eco-efficiency Portfolio 

Besides an assessment of the current state, the economic and ecological trends will be prognosticated for the points 
in time after 1, 5, 10, 30, 50 and 80 years. The Ecological Key Value, the Net Present Value and the mitigation 
effectiveness are combined as the eco-efficiency of measure. By means of an Eco-efficiency Portfolio as a 
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visualization-tool it is possible to compare, as well as choose between various measures located in the portfolio, 
according to the preferences and normative background of decision makers. 

  

Figure 1. The portfolio shows a comparison between three measures 

The compared measures are: 

• Afforestation of runoff-sensible fallow land with site-specific forest and renaturation of an anthropogenic 
deformed sourc, 

• Renaturation by stripwise felling of old spruces and repeated felling of young spruces. Succession to 
potential natural vegetation is encouraged by establishing moor-birches and closure of drainage channels . 

• Mechanical deep loosening of an agronomic used area with compacted soils . 

The areas within the portfolio can be regarded as decision areas, whereas the eco-efficiency is rising fro m the 
lower left corner to the upper right. Fast comparisons are possible by locating the different measures within the 
portfolio. 
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Abstract 
Land cover/land use maps as well as stream system maps obtained from recent satellite data can be applied to 
periodical updating and comparing activities, and contribute to characterizing the elements of vulnerability, such as 
the assessment of floods impact.  

The present paper refers to the land cover/land use updating (crops, forests, water bodies, evolution of populated 
areas etc.) for the Siret Hydrographical Basin floodable area (Lower Siret Plain). 

LANDSAT satellite’s ETM+ sensor provides satellite images used for obtaining detailed maps of the surface of 
the Earth. Images cover 170x183 km with a multispectral resolution of 30 m and a panchromatic one of 15 m. 

The methodology involved gets through several stages including: computer-assisted photo-interpreting and 
quality control of results; database validation for the study area; getting the final documents under map, statistic, 
and table form. 

After data geo-referencing, there have been applied supervised and unsupervised classification procedures 
resulting in updated land cover/land use maps.  

The information obtained is integrated in the database organized in GIS environment, which allows getting 
thematic maps at various scales.   

Keywords: floods, satellite images, GIS, land cover/land use, post-crisis.  

1 Introductio n 
Floods are among the most devastating natural hazards in the world, affecting more people and causing more 
property damage than any other natural phenomena [4]. In the period of time between 1900 and 2006 a total of 415 
major flood events occurred in Europe alone, with an average death toll of 22 and 35159 affected people [5]. In 
Romania as well as in many European countries, prevention and monitoring the floods are activities of national 
interest, taking into account the frequency of occurrence and the dimension of effects.  

For planning any flood management measure, latest, reliable, accurate and timely information is required. The 
Earth observation satellites are able to provide comprehensive and multi temporal coverage of large areas. The real-
time mapping of flood extent, which means rapid acquisition, processing and analysis of data fulfil the requirement 
of fast supply of data during floods. Availability within a few hours supports planning of emergency relief and 
helps to coordinate the response activities of various decision makers. Basically two different types of products by 
rapid mapping are claimed by users: overview maps of flooded areas and damage maps combined with additional 
information such as flood extent variation or land-use types of flooded area [1]. 

Remote sensing provides information that have proved useful for a wide range of application in disaster 
management. Usually, ground-based monitoring networks are inadequate to a low density of observation points; 
space-based platforms provide wide spatial coverage without access limitations. Satellite observation facilitates the 
regular monitoring of the extents of annual floods, and the mapping of flood risk zones [2].  

Remote sensing data can easily allow for prevention (mapping of hazardous areas, drainage networks and land 
cover mapping, and precise basin modelling), or a-posteriori evaluation of damaged areas. On a case-to-case basis, 
one may need to provide cartographic products issued from available satellite data with the shortest delay. 

Using land cover/land use maps represents one of the main sources involved in post-crisis analysis regarding 
floods. In this sense, updating this type of maps is the main goal of this study. 
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The present paper describes the methodology used to map the flood extend by using MODIS data and to 
estimate the affected land cover/ land use categories, affected by the July 2005 floods, in the lower Siret basin 
(Lower Siret Plain). 

2 Study area 
The Siret river is the main Danube tributary and has the highest mean flow in Romania (222 m3/s). From its total 
surface of 44,871 square km 42,890 square km are in Romania. The Siret river main watercourse is 647 km long, 
from its spring to its flow into the Danube, 559 km of this length being on the Romanian territory. 

The Siret hydrographical basin is asymmetrical, its evolution having been mainly due to the right hand 
tributaries. 

The main tributaries are: Barlad (207 km, 7720 square km) on the left hand and Suceava (173 km, 2298 square 
km), Moldova (213 km, 4299 square km), Bistrita (283 km, 7039 square km), Trotus (162 km, 4456 square km), 
Putna (153 km, 2480 square km), Ramnicu Sarat (137 km, 1063 square km) and Buzau (302 km, 5264 square km) 
on the right hand, [6]. 

Altitudes decrease over the whole length of the Siret hydrographical basin, from west to east. In the same 
direction, from west to east, the great, well outlined landforms succeed as follows: the Eastern Carpathians, the 
Moldavian and Curvature Sub-Carpathians, the Central Moldavian Plateau, and the Wallachian Plain (Lower Siret 
Plain). In figure 1 is shown the affected area by the flood occurred in July 2005. 

 

Figure 1. Delimiting the study area 

3 Data used 
In order to update the land cover and stream system maps regarding the area of interest and to identify accordingly 
the types of their employment which have been affected by the July 2005 floods, there have been used: 

• Topographic maps have been use to extract different types of info-layers:  
- administrative elements (national limits – border, administrative limits, localities); 
- natural elements (hydrographical network: rivers, dykes, channels, lakes etc);  
- communication network (roads and railways); 

• Satellite images:  
- MODIS (Moderate Resolution Imaging Spectroradiometer). For our purpose a Level 1B, visible bands 1 

and 2 (250 m resolution), calibrated reflectance data (format MOD02QKM) from 23.06.2005 has been 
used. The MODIS images offer daily global coverage and are provided by NASA free of charge. They can 
be ordered on the web site of the EOS data server [7];                                             

- LANDSAT TM and ETM+ satellite images from September 23, 1987 and October 4, 2000 respectively 
have been processed in order to update the map. The 30-meter-resolution TM image has been used as time 
series, while the 30-meter-resolution multispectral and 15-meter-resolution panchromatic ETM+ image has 
been processed so as to obtain the land cover/use map.  

4 Methodology 
The land cover/use methodology takes into account a series of technical criteria such as: the map-drawing and 
statistic feature of employed information, capacity to adjust to various scales in order to meet decision makers’ 
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requests, possibility to update data fast and easy. The categories have been grouped into six classes: winter crops, 
summer crops, orchard and vineyard, pasture, forest and bare soil. 

The involved methodology includes the following steps: 

• Preliminary activities of organizing and selecting images, which include collecting and inventorying available 
cartographic documents and statistical data touching land cover: topographic maps, geological maps, forest 
cover, and other thematic maps on various scales. For getting a land cover map, the satellite images used should 
have a fine geometrical resolution and include multispectral information; 

• Computer-assisted photo-interpreting and quality control of results, which result in delimiting homogeneous 
image areas, identifying and dividing them in classes of interest. Differentiating and identifying land cover/use 
classes is based on such image processing procedures as: adjusting the contrast-luminosity coefficient, 
equalization of the gray level histogram, calculation of vegetation indexes (normalized difference vegetation 
index, brightness index and normalized vegetation index) and of radiometric transformations (involving 
neighborhoods), statistic radiometric analyses, supervised and unsupervised classifications; 

• Digitizing the obtained maps; 
• Validation of the database covering the study area; 
• Getting the final documents under map, statistic, and table form. 

4.1 LANDSAT image processing methodology 
In order to get a better LANDSAT image resolution, the merging of the two available images has been carried out, 
resulting in such an image that has the panchromatic image’s 15-meter resolution and the richness of color 
belonging to the multispectral one. 
Satellite image processing was accomplished with a view to: 

• Identifying each land cover/use class according to the exogenous data and terrain data, establishing thus a 
catalogue of classes; 

• Finding out those areas, which belong positively to a terrain cover/use class; 
• Extending identification to the whole image. 
 

According to the proposed methodology, following the steps mentioned below has made the land cover/use map:  

• Data geo-referencing: Images are geo-corrected in UTM projection, datum WGS84, zone 35; same thing for 
the topographic maps of the area, to make easier the superposition and comparison with these; 

• Unsupervised classification: In the case of unsupervised classification it is necessary to choose a proper 
number of a priori classes which should be found again on the original image. For the study area there have 
been made unsupervised classifications with 30, 50, and 90 classes and a specific number of iterations. 
Resulted classes have been regrouped in seven land cover/use units: forest, pasture, winter crops, summer 
crops, orchards, water, and bare soil;  

• Supervised classification: It is grounded upon the use of test zones (the applying of ERDAS Imagine 
software’s “area of interest” module). This classification requests to establish the desired number of land 
cover/use classes. It has been used the method of classification by parallelepiped limits. It was finally obtained 
the land cover/use map with seven classes (forest, pasture, winter crops, summer crops, orchards, water, and 
bare soil); 

• Manual corrections: When classification has been over, manual corrections were carried out for removing the 
wrong classed pixels; 

• Validation of results: Validation included local and regional verification methods with an emphasis on 
classification accuracy, number and extension of plotted areas, precision of geographic borders, and 
homogeneity of the covering structure. 

The unsupervised classification for the study area has been initially performed in 30 classes (10 iterations), 
finally regrouped in 7 classes standing for the main land cover/use types. Figure 2 shows the land cover/use map of 
the analyzed area in raster format.  

For identifying and delimiting the flooded areas there have been processed 10-20 TERRA/MODIS satellite 
images of the lower Siret basin. 
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Figure 2. Land cover/use map updated by using LANDSAT (2000) images, lower Siret basin 

4.2 TERRA/MODIS image processing methodology 

The processing of MODIS images has been done by using the ENVI software. To obtain the water mask has been 
used the MOD02QKM (red and infrared bands). The methodology used to obtain the water mask includes the 
following steps: 

• Perform the bowtie correction. The “bow-tie” effect distorts images at large looking angles. The “bow-tie” is a 
phenomena associated with sweeping instruments where the instantaneous field of view increases as the sensor 
sweeps away from nadir. As the instrument looks further out to the side it “sees” a larger area on the ground, 
the subsequent scans will have overlapping observations on the outer edges of a swath [8]. The ‘bow-tie” 
correction of MODIS tool has been used to eliminate the effect. The “bow-tie” correction has to be done for 
each band, separately. If the “bow-tie” correction is performed together with the geo-reference the results are 
not satisfied and the distortion still exist; 

• Geo-referencing the bowtie-corrected, 250 m, reflectance data, using the same UTM projection, datum 
WGS84, zone 35 the same as LANDSAT data and the topographic maps; 

• Obtaining the water mask by using the NDVI; 

• Saving the mask in .shp file, figure 3 [3]. 

 

Figure 3. The water mask of the flooded area resulted from MODIS image, lower Siret basin 

5 Results  
Drawing out information about lower Siret basin areas affected by the July 2005 floods goes through the following 
steps: 

• getting the land cover/use map in raster and vector format; 

• getting maximum flood extension mask in vector format; 
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• overlay the mask on the land cover/use map, figure 4; 

• drawing out the flooded areas in vector format (figure 5) and table format (table 1). 

 

Figure 4. Water mask overlayed on the land cover/use map 

 

Figure 5. Lower Siret basin water-covered areas (July 23, 2005) during the July 2005 floods 

Table 1. Flood-affected areas (July 23, 2005) 

Range Area (ha) Rate % 

Winter crops 3520.3 23.17 

Summer crops 2392.5 16.02 

Forest 477.0 3.12 

Pasture 6899.6 44.42 

Orchards 75.8 0.43 

Bare soil 1060.6 7.00 
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5 Conclusions  
For Romania as well as for many countries, floods produced in several areas of the country cause every year 
important damages over large areas and also the loss of human lives and economical consequences. The evaluation 
and management of floods constitute the indispensable first step and the rational basis of mitigation measures 
against flood damages. 

The floods problem, much debated lately, is approached in this study from the angle of using data picked out 
from satellite images in order to get some products able to help decision makers in assessing faster the damages. 
These products, being numerical, can be easily handled and combined with data from other geographic sources 
through a GIS. 

The products serve as valuable tools for future analysis and decisions concerning the efficiency and 
environmental impact of the structure works. The distribution of the graphic and cartographic products to the 
interested authorities, media and public is an important issue. These products contribute to preventive consideration 
of flooding in land development and special planning in the flood-prone areas, and for optimising the distribution of 
flood-related spatial information. 

The remote sensing contribution brings to this application has two aspects: one, very important, regards the 
drawing out/delimiting of the flooded area; the second concerns the use of spatial information in updating land 
cover/use maps of affected areas, leading implicitly to a correct assessment of damages.    

The method for satellite data processing and interpretation that is dedicated to the analysis of flooding are now 
used into the operational activities of the Romanian National Meteorological Administration. 
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Abstract 

From centuries, indigenous techniques of catchment management are common among mountain communities in the 
Himalaya. These techniques include converting hill slope, first, into non-irrigated farm terraces (bari), then, 
gradually into irrigated farmland (khet), building ponds and slope stabilization activities like small check dams or 
diversion to prevent erosion, plantation of appropriate tree species like bamboo and other fast growing trees useful 
for fodder and wood. When cloudburst induced landslide and flood hits hard a remote and isolated mountain 
village, usually the entire community loose their sources of livelihoods along with hopes of recovery, thus, pushed 
into deeper poverty cycle. However there are few cases where affected communities show strong resilience power 
and use the post-disaster chaos into an opportunity to bring harmony while removing barriers such as disputes and 
conflicts among the villagers. This paper analyse focuses on Rampur community of Nepal mountain that was 
severely affected by a cloudburst induced disaster in July 1993 but reorganized itself and successfully coped with 
crisis that the community faced. The coping strategy includes conserving water, forest and land in an integrated 
approach. After 15 years of the worst disaster, the community finds itself in a better position while the village has 
earned reputation being one of the most preferred places for migration among neighbouring hill dwellers. Such a 
progress of the disaster affected community is a rare case in the isolated mountain village, therefore, deserves 
analysis of the approach behind this success. Study revealed that the villagers collectively worked for land, water 
and forest management, thus, enhanced access to water supply, electricity, effective erosion control on hillsides and 
enhanced forest cover and land productivity. 

Key words : mountain village, cloudburst, disaster, community water management, success indicators  

1 Introduction 
Mountain communities of Nepal struggle hard to cope with extreme climatic events and water-hazards mainly 
floods, landslides and erosion during summer monsoon from June to September and long drought leading to severe 
water shortages from December to May in a cyclic fashion. Every year about three hundred people are killed; 
thousands of families are affected as they loose properties or precious farm lands on which they depend for living; 
and public infrastructures such as irrigation canal, trails, roads and bridges are damaged. Usually majority of 
affected families are socio-economically poor and pushed further into deeper poverty cycle by the recurrent natural 
hazards. Some of the affected communities, however, have been successful not only to recover from the shock of 
disaster and rebuild their capacity back to normal but also to improve their living standard employing technologies 
and adopting innovative management approaches collectively. They have been examples and sources of inspiration 
for others.  

Suffered by the brunt of historic landslide and flood disaster in July 1993, the community of Rampur village of 
Okhaldhunga District in eastern Nepal has earned reputation for upbringing living standard faster than any other 
villages in the district. The widely disrupted life and livelihood sources of villagers did not stopped them to keep on 
working for better future with the remaining local capacity. The first change they brought into them after the event 
was creating a harmonious social environment among themselves that was completely missing before. The next 
step was the collective planning and decision making practices which helped them organizing rescue, relief and 
rehabilitation activities in a systematic way that went for years. This approach contributed for a conducive 
environment and a culture of cooperation, and brushing out disputes among themselves. This paved the way to start 
planning to manage water, land and forest resources. The study analyses community-led approach of mountain 
catchment management that can be useful to be followed or draw lesson particularly those affected by natural 
hazards like the one that hit Rampur. The cloudburst induced landslides and floods in July 1993 had devastating 
effects on local lives and livelihoods of Rampur but found it flourishing in 2007 mainly through local efforts and 
knowledge. In this context indicators of social and economic progress of the Rampur community are analysed. This 
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study used the baseline information of the earlier case study [1] and first hand information after a recent field 
survey of the study area. 

2 Study contexts  
The gentle slope and flat landscape features of Rampur have made it an attractive place for agriculture and 
settlement. This is one of the few attractive locations in the entire hilly region, which is characterised by deep 
gorges of rivers, valleys and rugged mountains. However, owing to the lack of irrigation, except in rainy season, the 
place remained less attractive to hill farmers compared to the productive soils of surrounding villages till 1990s. To 
make the situation worse, a powerful cloudburst of 6 July 1993 hit Rampur and had devastating impacts on lives 
and livelihoods of the villagers. Then half of the settlement this remote mountain village went under debris that 
killed 23 people; lost most productive farm lands and forced many families to leave village for alternative source of 
livelihoods [1]. Majority of the families continued making their livelihoods mainly out of subsistence farming 
practices and labour works as porters to carry loads from and to the nearest road heads at 150 km distance.  

Rampur is the largest settlement in Baruneswor Village Development Committee (VDC) with 7000 population 
in Okhaldhunga District that consists of 56 VDCs. Rampur has 3,000 population and about five squire kilometers in 
area, situated at a height of 1147 meters above sea level on a flat river terrace, which is locally called a tar. The tar 
is a plateau-like land form in mountain region. The village is surrounded by a rising hill to the north that has been 
sources of forest and spring water as well as a permanent threat of landslides particularly during monsoon when 
cloudbursts often trigger huge landslides debris flow from geologically fragile sections in steep slopes. To the east 
lies Jhagarpur River, a major source of irrigation water to the village, and, in the west lies a deep valley of snow-fed 
Molung River which is popular for its huge perennial flow and fertile floodplain. At three hours walking distance 
(about 15 kilometres) east from Rampur lies the district headquarters, which is recently connected by a fair weather 
road. In average Rampur receives 1500 mm rainfall in a year, out of which, 85% between monsoon months (June to 
September) and rest 15 % in 8 months. The climate is temperate with temperatures between 5 and 250 Celsius.  

The mountains of Nepal experience torrential rainfall every monsoon, accounting for 80 per cent of the total 
annual rainfall. Soon after the monsoon rain influences the entire hilly region, the region becomes saturated and 
sensitive. Extreme climatic events such as cloudbursts can trigger big landslides, floods and mass movement in 
these conditions. A map of geologically hazardous areas of Nepal prepared by Dikshit [3] shows Okhaldhunga 
District to be in a ‘high landslide hazard zone’. Of 75 districts in the country, seven districts including Okhaldhunga 
are categorised as ‘very poor’ in terms of watershed conditions. The three kilometre long hill to the north of 
Rampur tar is geo-physically fragile. The slope from the central to the eastern part of the hill was shaped by a major 
landslide in the past. Each of the landslides that have occurred in Rampur has had its origin at or near the top of the 
hill slope. During heavy rain, when a moderate landslide is triggered in a flood gully on the upstream mountain 
slope, the landslide and water current gradually increase and turn into a huge debris flow. Trees, boulders and loose 
rocks along the bed are washed down. The debris flow accelerates as it comes down. On the way downstream some 
of the landslides split into two or more branches. Finally, most of those from central and eastern parts end at the 
Jhagarpur River at the east and south-east of the village. Their vertical lengths range between one and three 
kilometres, and the maximum breadth is 500 metres. 

3 Local approach to cathchment management 
In monsoon rains usually occur with high intensity. Farmers understand the importance of monsoon rains and 
conservation of land resources. They use several techniques  to mitigate the effects of floods from the upstream 
mountains and at the same time they trap the runoff flow for irrigation and conserve water for next dry season. If 
there are no landslides, overland flow or minor floods are no major problem. Soil loss in the form of landslide and 
erosion is the major problem faced in the mountains. Water (in the form of rain, surface flow and underground 
flow) acts as the major agent in causing soil loss.  

In Rampur, water is abundant only during the rainy days of the mo nsoon (June to September). At other times 
water shortage is evident. To address the problem of water shortage, a modern canal was built by the government 
but worked only seasonally. The canal passes through steep hill slope with active landslide zones, thus, very 
unstable in most of its 10 km kilometres length that links Pokting sub-watershed to Jhagarpur that comprises 
Rampur. It was completed in 1987 after 10 years of construction. The canal, which was one of largest projects then 
in eastern Nepal, collapsed within weeks of coming into operation. The government agencies then abandoned it for 
heavy cost of rehabilitation but later local people themselves brought it back into operation after several months of 
volunteer labour, using local construction materials (e.g. stone, brush-wood and mud). About one kilometre of the 
canal passes through the active landslide zone of the steep mountain slope. In monsoon, sections of the canal slide 
down the mountainside and the villagers rehabilitate the canal, with considerable effort, to bring water to the village 
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to cope with the acute shortage of water in the dry months.  The major water and land management activities are 
summarised in the table 1. 

Table 1. Water and land management practices in Rampur   
Functions  Purpose Actions Impact 
Runoff 
management  

Erosion control, 
Draining runoff to 
ponds and irrigation 
canals,  
Rainwater 
collection  

Identified hotspots for protection 
measures, built torrent control 
structures, diverted runoff water 
into canals and cultivated lands.  

Reduced erosion, Natural 
regeneration of tree species 
including uttis for the first time,  
Improved drainage system 

Ponds and canal 
restoration 

Tapping water for 
livestock and 
irrigation 

New arrangement to repair 
traditional canals, ponds routinely 
on the principle of ‘users to pay’.  

Improved access to water,   
Soil loss reduced  

Landslide zone 
stabilization 

Landscape 
improvement 

Restriction to remove grass and 
plant species, Runoff control, 

Growth of new and fast tree 
species, recharge of spring 
sources and   

Plantation of 
fodder species 

Feed livestock 
keeping in sheds 

Fodder and grass species grown 
along sides of farmland, canals, 
erosion prone slopes. 

Improved fodder stocks, time 
saved to fetch animal food. 

Livestock farming Grazing in forest 
prohibited 

Selection of limited number and 
useful types of animals  

Size of village livestock 
population decreased 

 

In this context, villagers for decades take measures to conserve monsoon water by making a network of ponds 
so that water from different sources flow into them; water released from upstream passes to the next pond 
downstream. Small outlets in between allow the flow of water into the vegetable gardens of nearby households. 
These man-made ponds are useful for three different purposes: run-off management, water conservation and 
soil/nutrients/organic matter conservation. It is the general tendency of farmers to convert their slope land (bari) 
into level terraces (khet), which is not possible everywhere.  

In each monsoon many scars of landslides appear on the surrounding hill slopes in the rainy season. Most of 
them disappear in one or two months under vegetation cover. The process is a normal phenomenon. Villagers partly 
believe the suggestion that a landslide can be controlled by vegetation or forest cover, but their experiences have 
taught them that landslides cannot be controlled by the forest alone. There are many examples of landslides in the 
forest area where numbers of trees were uprooted and swept away. This was the case in the landslide of 1993 when 
major landslides in the forest areas destroyed hundreds of trees, including big bar and peepal trees. However, for 
agricultural and economic reasons villagers grow bamboo and fodder trees where they find bare land, both on 
public land and at the edge of their private lands. They are usually grown on the steep slopes at the edge of farming 
terraces and in gullies where the chances of landslides are high; they are also grown on marginal and waste lands. 

Slopes are stabilised by employing different measures, including stone-works. These types of measure are used 
mainly in canal protection and terrace walls. Stone-works are also built to make diversions and check gully erosion. 
In Rampur, stone is the principal construction material for buildings, trails, walls, etc., where bricks are not 
available. About 80 per cent of the roofs of house in the village are made of stone slabs. Diversions, canal walls and 
terrace repair works are usually made with stone and brushwood whereas mud and stone is used in house walls, and 
stone slabs (slates) are fixed to underlying wooden slabs in roof making.  

Recently the management of water supply system has been given to local contractor for reliable supply water for 
which users pay the fee in accordance with agreement. This new arrangement has enhanced reliability of supply. 
Users have high level of willingness to pay the fee. These activities proved effective to bring back the greenery in 
the village and check excessive erosion in the monsoon. These works provided outlet for excess water without 
much damage. For example, in terraced rice fields in slope (khet ), there are enough outlets to pass water to the next 
bench terrace.  

4 Indicators of socio-economic progress  
Household income levels have been doubled since last 15 years. The village has been electrified with a small 
micro -hydropower plant owned and built by an enthusiastic local entrepreneur. Regular water supply has been 
secured after maintenance of the government built canal that supplies water to the northern part of the village from 
Pokting River, another watershed to the north of Rampur. As a result farmers have been harvesting comfortably 
three to four crops in a year, a dramatic change from hardly one or two crops a decade ago.  However, maintenance 
of canal is a huge task requiring labour intensive works and costs in rainy months. Because farmers have high level 
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of willingness to pay the price for secured water supply, generating funds for maintenance is no more a big 
problem. As the hydropower plant is run also by canal supply, the same entrepreneur has taken contractual 
responsibility of the canal maintenance.  Trained local youth who have returned homes after completing various 
professional training courses in vocational schools have been playing important roles in introducing innovative 
tools and techniques in the field of catchment management, installing and running hydropower plants and value 
adding the local products through processing and packaging activities. Production of handmade wooden crafts for 
household uses, furniture and processing cum packaging of seasonal fruits and vegetables are some examples.  

Abundant supply of fodder for livestock is another achievement of the villagers who organized plantation of 
fodder tree species about a decade ago. Otherwise villagers had to spend more than half of their daily working 
hours for collection of water, fodder and fuelwood. Regular supply of tapped water at door steps have eased live of 
women and children. Most of the households, nowadays, use improved cooking stove that emit less smoke and 
consume less fuel wood. As a consequence, people have started investing more in education of their children and 
stopped early marriage of girls till they complete at least secondary school level education. Collectively, these 
achievements have enhanced livelihoods of the villagers significantly. Recent practice of ensuring water supply for 
irrigation purposes by awarding annual or seasonal management contract to a competent individual through open 
bidding has been very successful. Introduction of water tariff provision and users’ willingness to pay for tariff is the 
major reason behind this success. Users pay Rs 400 per ha per crop as water tariff. Those unable to pay the tariff 
provide equivalent labour.  

Economic and social contexts have also been changed over time. Farming practiced has changed from a 
traditional non-cash economy to a market-oriented cash economy. These changed have mixed effects on the living 
standards of the villagers. Families having a good labour force are among the beneficiaries. The living standard of 
some socially and economically backward families has also been improved. Nevertheless, indigenous techniques of 
water management are still effective but not without limitations. Matching them with mo dern technologies is 
inevitable to meet growing aspirations of modern lifestyles.  The observed changes are summarised in the table 1. 

Table 2. Some indicators of socio-economic progress between 1993 and 2007  
Indicators In 1993  In 2007 Remarks 
Area of canal irrigated 
land 

60 % of total cultivated 
area  

95% of total cultivated area  Converted nearly all non –
irrigated area into into 
cultivated land 

Area of high value 
marketable crops  

30 % of total cultivated 
area 

70% of total cultivated area After canal irrigation facility  

Paddy production per ha 3 ton  4 ton Results of improved variety 
Price of irrigated land Rs. 0.2 million/ha Rs 1.2 million/ha Sharp increase in landvalue 

indicates soaring demand. 
Labour rate  Rs 50/day Rs 200/day Due to demand of labour for 

land rehabilitation. 
Household income Just enough to meet basic 

needs 
Surplus income  Ready to invest more for 

better living standard 
Domestic water supply 
management 

Community tap for every 
cluster of 10-15  hhs 

Individual taps in parts of 
village, and 1 per tap for 5 hhs in 
rest.   

Facility of piped water 
supply improved. 

Livestock no per hh 5-10 heads 
Grazing in public land 
allowed. 

2-5 heads.  
Grazing other than private land 
prohibited. 

A compulsion after ban in 
animal grazing in forest and 
public lands.  

Percentage of school 
enrolment  

60% 99% Awareness on and access to 
education enhanced. 

Nearest road head At 150 km or 4 day 
walking distance 

At 36 km or at one day walking 
distance 

Price to essential 
commodities reduced 

Electricity No. Several local 
attempts didn’t 
materialize. 

Yes. Two hydropower plants, 
one 1.5 kW and other of 5 kW 
are owned and operated by a 
local businessmen. About 100 
households are electrified. 

Local efforts materialized 
due to collective willingness 
to invest or p ay for the new 
services.  

Market  Weekly fair. More 
bartering, less cash flow 

Weekly fair. Less bartering, 
more cash flow. 

Expanding rapidly. 
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5. Social dimension  
5.1 Can a natural disaster be an opportunity for restructuring socio -economic fabrication 
for better?  

The disaster shook the hierarchic social order paving the way to restructure for new roles and positions.  Few upper 
caste farmers used to control major portion of farmlands but suffered after the cloudburst triggered landslides 
converted most of those into useless debris land. Villagers have techniques to reclaim and manage the lands for 
productive use but required huge labour force often unaffordable to middle class farmers. However there was no 
other option than to invest for the same. It took years to bring back the lands into pre-disaster conditions but with 
huge costs. Poor families who belonged to lower caste and used to survive on income from daily wage labour were 
benefited from the contractual business of improving the damaged farmlands. Those families having more trained 
and adult members did better, those having more children or aged members lost and rest in status quo. In recent 
years, majority of lower caste families are in economically better positions and enjoying improved living 
conditions. Indeed, the gaps among traditionally rich and poor have narrowed down when the Rampur community 
is doing better  in terms of income generation and natural resource management fronts. 

5.2 Enhanced social harmony 

The unity of villagers during the rescue and relief work after the 1993 disaster was exemplary. Their social, cultural 
and political differences, which were significant, did not reappear for a long time after the disaster. The backward 
(untouchable) community was greatly assisted by others in terms of materials, providing shelter and rehabilitating 
their lands. In contrast to the earlier practices when fellow villagers often engaged in disputes over resource use and 
management, nowadays such practices are rarely seen. For example number of households having registered legal 
disputes over resource sharing with neighbors reduced significantly. Rampur dwellers have gradually transformed 
into more cooperative and harmonious community. People realized the importance of collective and cooperative 
actions. Instead, formal and informal community based groups or organizations with the aim of mobilizing 
resources for better livelihood opportunities. Conflicts among villagers usually linked to sharing of resources, 
which have been solved through formulating rules and norms in participatory approach.  

5.3 Youth in forefront 
Majority of youths tend to leave villages in search of jobs in cities and towns. Those who get vocational trainings 
and university education in towns rarely return homes. However in recent years, a few of them have set trend of 
coming back to villages and working in their traditional farmlands rather differently. Major differences in their 
approaches include change of traditional cropping pattern with improved variety or high value crop, irrigation 
management and income diversification through marketing of the local products. Value additions to the local 
products such as vegetables without the use of chemical fertilizers and packaging of processed and dried vegetables 
were the other measures.  

5.4 Importance of participatory planning understood 

Though failure of government owned irrigation canal was a major setback to the Rampur dwellers, they learnt a 
great lesson that external experts could not be trusted fully for their formal education and high ranking government 
positions. Instead they realized that any plans for the villages should be questioned and discussed among villagers 
who often make their points based on their practical experiences. They mentioned the debate over canal intake and 
alignment on which villagers tried hard to convince the consultant that the design plan be revised to increase slope 
gradient but never heard. Consequence was the failure of the project. Again villagers successfully rehabilitated the 
canals but only after they could shift the intake site upstream and realigned the canal.  

5.5 Others  
Farming high value crops, mainly vegetables and fruits, is an emerging business. Growth of weekly market fair has 
contributed to promote the business. Local entrepreneurships in which educated youth are involved have been the 
major attractions. Other activities include promotion of biogas plants, solar photovoltaic for lighting and improved 
cooking stoves that replace traditional smoky firewood stove. Mandatory construction and use of hygienic toilets in 
all household is the another feature activity contributing to health. Change in livestock farming practice within 
walls led to conserve forest and fast regeneration of grassland. Also people speak about reasons behind the dis aster 
of July 1993. There were mainly four perspectives. They include excessive use of blasting materials during canal 
constructions leading to destabilization of the slope, plantation of pine forest in deforested zones, disrespect to god 
and take the event as an inevitable natural cycle of the region.   
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Most spectacular change in Rampur in last 15 years is the conversion of all non-irrigable terraces (bari) into 
irrigable productive (khet). The change has a big implication in socio-economic conditions of the local. The three 
major factors that led to achieve the forest restoration include uses of improved cooking stoves that consume less 
firewood and emit less smoke, switching from firewood stove to biogas plant and increased supply from private 
forests. The value of land that was declined following the disaster not only bounced back to normal but also grew to 
a record high the region.  

6 Conclusion 
Recent survey finds hardly any scars of landslides left unrestored after the July 1993 event except in parts of 
northern mountain slopes. The seriously affected central and eastern part of the village including the dense forest 
and farmlands have been revived. For the difficult task of farmland restoration clearing huge boulders and debris 
deposits, villagers used traditional rural equipment and skills. They have addressed the key environmental 
challenges that they used to face, namely, reactivation of the once stabilised landslides, loss of nutrients and organic 
matter from he washing away of the topsoil, and the drying up of springs and wells (sources of drinking water), and 
utilizing of  into a dry and waste land for productive use. A significant change noticed in the period is the 
development of positive or cooperative attitude among the locals. For example villagers could not reach an 
agreement before on constructing a new canal from other side of the hills even though there was severe shortage of 
drinking water for nearly half of a year. Later they not only agreed on this point but also contributed generously 
technically and financially. This type of change can also be seen in managing forest collectively, sharing benefits 
equitably and maintaining transparency in all decision making processes.  

Thus the lost glory of the village following the event of July 1993 has been restored and strengthened. The 
debris -deposits have been rehabilitated as agricultural land. The fragile hill slope to the north has been developed 
into grassland and bushy forest. There are a number of check dams and erosion control measures. Livestock 
farming techniques have also been changed. The traditional way of feeding livestock was to free them in the jungle 
for the whole day. Now, they are kept and fed at home. Rows of fodder trees are grown around homes, farmlands 
and public land. This has been achieved through a range of factors that influenced villagers. Enhanced social 
harmony, provision of equitable benefit sharing and participatory approaches of decision makings for common 
interest activities are the key factors that Rampur community upholds for continuous progress in the future and 
shares the success story among other communities in the hills. 
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In the most south-eastern part of The Netherlands (South Limburg) there are slopes, mostly covered with loess. 
These soils have a rather weak structure and are susceptible to water erosion. As a result of the fertility and easy 
workability of the soil, this area was colonised in Roman times. The Roman farms or villas were surrounded by 
large plots, which were in turn surrounded by the small plots of smallholders and the farm labourers. From 
Medieval times onwards, villages were established along the watercourses in the valleys. Later, villages also 
appeared on the plateau and the area of arable land increased proportionally. 

In the loess area of South Limburg soil erosion is responsible for damage in the agricultural area and subsequent 
runoff volumes cause damage by flooding urban areas with muddy water and block the infrastructure. Since the 
second half of last century erosion hazards have increased. With a general use of artificial fertilizers, the organic 
matter status of the soil dropped to critical levels.  Up-scaling of agriculture in combination with land consolidation 
(enlargement of plots), the disappearance of landscape elements (natural terraces), a narrower crop rotation, 
mechanization, and activities outside agricultural areas, like the extension of built -up areas and infrastructure 
increased runoff volumes. 

The public sector is responsible for general policies to control erosion. The basic principle is to tackle the 
erosion on the farmer’s field by applying source measures. Municipalities have to solve small-scale problems with 
local flooding and sedimentation. They are supposed to prepare and guide local-level erosion plans, where (infra-
structural) measures are taken to complement the on-farm erosion measures. To prevent flooding the Water Board 
has the task to develop the water infrastructure, to buffer water, and to discharge the runoff safely. 

Partly because they feared drastic interventions from the authorities, the farmers took their responsibility to fight 
the erosion and to limit flooding. Other motives to invest in soil conservation were that the farmers wanted to 
reduce the damage they suffered and wanted to restore their public image. The farmer organisations were 
instrumental in the creation of an Erosion Ordinance (EO) which appeared in 1990 and has since been updated 
several times. Main (source) measures of the EO are: > 18% grassland; tillage in autumn or a cover crop in winter; 
elimination of wheel tracks in root crops; maximum slope length < 5% slope 400m, >5% 300m. 

In 2000 authorities involved (Province, Water Board, Land Consolidation Committee, farmer’s organisation, 20 
local authorities) in erosion and flood control signed a covenant in which generic and specific interventions were 
agreed upon to be realised within a period of four years. Main interventions of the covenant are: to embed erosion 
policy in legislation; to adapt regulations for ploughing up grassland; execution of grass strips and grassed 
waterways (discharge > 500 l s-1); to solve the problems of 250 bottlenecks in drainage systems; implementation of 
rainwater buffers. After four years of regular meetings, planning of interventions and execution of measures, the 
outcome is encouraging. Grassland has been established in critical zones (though, unfortunately, some has already 
been ploughed up). Half of the bottlenecks have been tackled and action plans have been made for the remainder. In 
the last decade the Water Board, mostly in collaboration with the Land Consolidation Committees, has created 
about 250 rainwater buffers, to temporarily store runoff water and to collect sediment. In the early years, reservoirs 
with a capacity of 1,000-15,000 m3 were designed, to prevent villages from flooding (“end-of-pipe measures”). 
More recently, reservoirs with a capacity of  < 1,000 m3 have been built in fields where overland flow starts 
(“source measures”). In total, there are about 100 more buffers to be constructed. Though the agreed measures of 
the covenant are only partly realised, the intentions of the covenant are still valid.  The plans will be implemented in 
the coming years. However, interventions, that influence the field layout (grass strips, grassed waterways), are 
meeting in recent years more and more farmer resistance. 

In 2003 the farmers’ organisation introduced a new instrument in the EO: the Farm Erosion Management Plan 
(FEMP). With an FEMP a farmer can assume the responsibility for keeping the risk of erosion on his land at an 
accepted level, to organising his own farm strategy and to get dispensation of several measures otherwise due to the 
EO. The effectiveness of measures in an FEMP is assessed on the basis of land management scores. The minimum 
average scores have to be 40 pts/ha and 75 pts/ha in the 100 m zone uphill of buildings and infrastructure. Some 
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management examples and scores (pts ha-1) are: grassland 100; winter cereals 40; cover crop and mulch 50, 
including direct drill 75; contour tillage 25; minimum tillage 35. Additional scores can be obtained by maintaining 
and reinforcing the landscape infrastructure, like field boundary management, execution and maintenance of grass 
strips, grassed waterways and reservoirs. The monitoring period for an FEMP is from harvest to harvest.  

Farmers can rely on EU-subsidies when applying erosion measures (cross-compliance). Both the EO and the 
FEMP are part of the ‘Good Agricultural Practice’ of the EU General Agricultural Po licy. 

In spite of legislation, accepted responsibilities at different levels and financial support, erosion interventions do 
not cover the whole area and not all actors are equally motivated. In practice, monitoring of the fulfilment of the EO 
and the FEMP is quite complicated, because of scattered property, the complexity of the instruments and lack of 
controllers. At municipality level several plans to solve problems are ready, but lack of money will postpone 
execution of some of them. 
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recommendations concerning planning, construction and 

operating stage.  

S. Wintrich 

University of Trier, Department of Physical Geography, Behringstraße, 54286 Trier,  
email: s.wintrich@uni- trier.de 

Abstract 
In comparison to sewage systems decentralised rainwater management in urban areas is a rather new way of 
rainwater treatment. In Germany it is regulated by law since the 1990s. Consulting engineers gained experience in 
designing retention measures since the 1980s but today there is still a lack of acceptance towards its enforcement 
among the population and the stakeholders as well. This paper is based on the investigation of factors influencing 
people’s acceptance towards retention measures. According to several interviews in the region of Trier successful 
acceptance of near to nature management measures for rainwater runoff depends mainly on the early stages of 
planning and actual construction work. It is important to involve the property owners right from the start and to give 
detailed information to them. The present report introduces recommendations and several information media.   

Keywords: decentralised rainwater management, urban areas, retention measures, acceptance, recommendations. 

1 Introduction 
According to the German Federal Water Act everyone is bound to avoid pollution and detrimental alterations of 
water, to use it economically, to preserve the water balance’s capacity and to avoid the increase and acceleration of 
run off. This can be seen as an express rejection to discharging rainwater into the sewage system. The Water Law of 
Rhineland-Palatinate stipulates the immediate use of rainwater (if possible) or else to have it trickled away since 
1995.  

First projects concerning retention measures in Germany had been realised in the 1980s, as for example the 
Documenta Urbana in Kassel (1982), the building area Hamburg Neugraben-Fischbek (1983) and the Internationale 
Bauausstellung in Berlin (1987) [1]. 

Even a quarter century later accompanied by technical progress there is still a lack of acceptance towards its 
enforcement among the population and the stakeholders as well. 

2 Question and Method 

Near to nature management measures for rainwater runoff are based on the following components: retention, usage, 
slow infiltration, evaporation and throttled discharge. In comparison to conventional sewage systems these 
measures provide several benefits such as:  

- the existing sewage system is subject to less loading if rainwater is not added 
- sewage works are conserved 
- no wastewater is discharged into receiving waters after intense rainfalls  
- the natural groundwater renewal rate can either be retained or re -established at its natural condition before 

commencement of building 
- small decentralised units may also be additionally useful for flood protection. 

An important aspect for or against the implementation of retention measures are the costs involved. In 
comparison to a sewage system decentralised retention measures can actually afford savings as some studies show 
([2], [3], [4], q. v. [5], [6], [7]). Additionally they are characterised by several advantages which can not be judged 
monetarily ([8], [9], [10]). Hence the reasons for the hesitant implementing of retention measures in urban areas 
have to be different ones.  

As per Kleeberg & Willems [11] and Sieker [12] the rejections are psychological based, intensified by a lack of 
knowledge and inaccurate constructions. To find out more about factors influencing the acceptance of such 
measures private owners living in districts with decentralised retention measures in the region of Trier had been 
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asked several questions. Based on these interviews Michalski [13] identified the most important factors influencing 
the acceptance of retention measures and differentiated them as follows: 

- factors with a direct and strong influence on the acceptance 
- factors with an indirect influence on the acceptance 
- factors with no detectable influence on the acceptance. 

3 Results  
The strongest influencing factor is a successful working retention measure. Hence the main objectives are a 
professional implementation and a frictionless functioning of the retention system. According to the identified 
factors Kronewirth & Wintrich [14] (q. v. [15]) compiled the following recommendations concerning the planning, 
the construction and the operating stage of such measures which shall help to avoid mistakes and to reach these 
aims. 

3.1 Planning Stage 

The retention concept has to be adapted to the soil properties. Therefore comprehensive and detailed soil analyses 
are necessary. Infiltration capacity can be measured using the following methods: Open-End-Test, Doppelring-
Infiltrometer, Beetinfiltrometer whereas the significance increases in the order of their listing [16]. All tests should 
be conducted at the ground depth at which rainwater runoff shall infiltrate after construction. 

If retention measures have to be implemented on private estate the real owners should be involved into the 
planning process right from the start, e. g. by civil participation. Very often people do not know what decentralised 
retention measures are good for and the interviews showed that people wish to be informed at an early stage. 
Concerning people’s attitude towards retention measures it is helpful if they know about the several systems, their 
functionality and maintenance.   

Public relations and the involvement of any third parties can lead to more transparent and creative solutions 
based on the knowledge and opinion of many people. It can help to avoid conflicts, leads to a more effective 
realisation and hence increases the chance of a long-term and general acceptance [17]. 

Information should be well visualized, site-related and practical. Several information media can be used, such 
as: brochures, display walls, exhibitions, special promotion days, demonstration plants, pilot projects as well as 
discussions with a panel of experts and a sequence of articles in the daily press. However information should be 
compact and people should be given the possibility of co-determination. 

As the interviews showed financial incentives do not seem to have a strong influence on the acceptance but they 
may help to stimulate a positive attitude in the run-up. 

3.2 Construction Stage 
In the forefront of and during the construction stage soil compaction should be avoided or else the soil has to be 
prepared by deep loosening. To guarantee a proper functioning retention basin the following actions have to be 
avoided (q. v. [18]): 

- driving on the retention site with construction equipment 
- dumping of construction waste and excavated material 
- improper use of retention basins 
- no discharge of rainwater runoff before the basin is covered with grass 
- underdimensioning. 

Hence only well-trained specialists should be commissioned.  

A further factor influencing the acceptance in a strong and direct way is the retentions basin’s exterior. Most 
interviewed persons wanted their retention basin not to attract attention and to be free concerning their landscape 
gardening. About 35 % of the interviewed persons wished consultation and 30 % wished to know more about the 
maintenance of retention measures. As good maintenance obtains long-life functionality people should be informed 
about possible consultation. 

3.3 Operating Stage 
Control is an important factor which some of the interviewed people even asked for. Only controls can assure the 
right construction and the functioning of retention systems in the long run.  



WaReLa Scientific Conference on Integrated Catchment Management for Hazard Mitigation, Trier, Germany 

 page 160 

Decentralised retention measures on private estate can be replaced by public semi-decentralised retention areas. 
The compliance with formalities will be more likely, the needed retention volume will be guaranteed, control and 
maintenance will be easier. The acceptance of the residents will increase as they do not have to pay much attention 
to this topic and the residential area becomes more attractive due to additional green space.  

With regard to private retention measures as well as public semi-decentralised retention areas it is important to 
maintain the retention areas. Shabby lawns cause negative feelings and can decrease the acceptance. Furthermore 
the infiltration capacity can be reduced by 30 % if the grass is not cut regularly and the autumn foliage is not 
removed [18]. 

4 Conclusion 
The present abstract shows good acceptance to be the result especially of flawless function and appealing looks. 
Purposeful means of actual usage from the residents’ points of view as well as financial incentives and detailed, 
well visualized information can create a stable, positive basic opinion and will help to maintain long-term public 
acceptance. 

Generally the success of projects concerning near to nature rainwater management relies on a good cooperation 
between all participants and the involvement of the public. 
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