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Abstract: Non-structural measures for risk reduction play still a minor role in strategies of flood risk management. One reasons for that can be missing evaluation capacities. The paper therefore presents a European study which deals with the evaluation of non-structural measures and their comparisons with structural measures. To do so it firstly provides a systematization of both kinds of measures. It than gives an overview over the state of the art of evaluating flood risk reduction measures and shows advanced  methods for the evaluation of structural measures. Finally the context conditions of decision makers are investigated to understand the possible impacts of enhanced evaluation capacities and to identify other barriers and enables for a more balanced consideration of both kinds of measures.     
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1. Introduction
Decisions about deploying structural (SM) and non-structural measures (NSM) for pre-flood risk management are made under manifold context conditions of decision makers. One of the context factors is supposed to be the availability of an appropriate evaluation capacity to determine the complex and partly uncertain consequences of risk reduction measures. Evaluation problems can particularly arise due to a lack in indicators, criteria, methods, knowledge and data. Since there is already some experience in evaluating SM, a research project is being carried out to deal with the evaluation and comparison of both kinds of measures with an emphasis on NSM. The following objectives have been set:
· To systemise structural and non-structural measures;

· To develop an outline methodology for the evaluation of the effectiveness and efficiency of structural and especially non-structural measures;
· To analyse context conditions like risk perception of decision makers with a potential to influence the choice of structural and non-structural measures;
· To identify the site-specific effectiveness and efficiency of such measures and the influence of selected context conditions on their choice; and,

· To derive recommendations for the improvement of flood risk management strategies.

[image: image1.png]To cover all these items, a combined research design has been chosen with (i) the systematisation of SM and NSM, (ii) a normative approach on the evaluation of SM and NSM, and (iii) a descriptive approach to analyse the context conditions of decision makers (see Figure 1). Research encompasses the derivation of generic conceptual findings and empirical work in six European case studies in Germany, United Kingdom and Austria. 
Figure 1: Combined research design with systematization, descriptive and normative approach
2. Systematisation of structural and Non-Structural Measures
It cannot be expected to find a single valid classification for SM and NSM. Instead the classification like in other fields depends on the purpose of distinctions and clustering. In terms of flood risk management there seems to be at least three major aspects for sorting measures. 

· the construction of measures;

· the effect of measures; and,
· the function of measures.
The first aspect puts emphasis on the technical design of a measure. It contrasts structural works of hydraulic engineers with other kinds of measures and is the background for the distinction of structural and non-structural measures. The second aspect differentiates water-related and receptor-related risk reduction and thus addresses effects on reducing either the flood hazard or the flood vulnerability (cf.  Cooper et al., 2007). It makes especially sense for promoting a risk-based approach including the mitigation of vulnerability. The third aspect reflects the functionality of measures. It indicates the way how the intervention in the flood risk system works. On the highest level it distinguishes physical measures and policy instruments, below it clusters different mechanisms such as control, retreat and so forth (Olfert & Schanze, 2007). 

For this study at least the first aspect is set by the call of ERA-NET CRUE and of course is reasoned by the historical and common use of the terms structural and non-structural measures in science and practice. The distinction between both types of measure is rather simple in defining structural measures and leaving all other measures as non-structural (cf. e.g. Marsalek et al., 2000, Petry, 2002). This lead to the following understanding: 

· Structural measures (SM) are interventions in the flood risk system based on (structural) works of hydraulic engineering; and,

· Non-structural measures (NSM) are all other interventions.
In contrast to the previous use of the term structural measures here it is recommended not to include the intended effects of flood control and protection in the definition. One reason for that is that also non-structural measures like land management and sediment dredging can contribute to lowering the flood discharge or the water level respectively. Another reason is that risk reduction effects cannot be measured on the basis of the hazard only. And not at least, the applied understanding facilitates a sharp distinction between the description of a measure and its evaluation (e.g., in terms of indicators to assess the effectiveness of NSM).
Table 1: Proposed systematization of structural and non-structural measures (Schanze et al., 2008)

	Functional group
	Type of measure
	Examples
	Underlying non-structural measure

	Structural measures

	Flood control and defence
	Flood water storage 
	Flood polder
	Flood protection standards; investment program

	
	River training
	By-pass channel
	

	
	Flood protection
	Dike
	

	
	Drainage and pumping 
	Urban drainage system
	

	Non-structural measures

	Flood control and defence
	Adapted land use in source area
	Conservation tillage
	Restriction of land use (in source areas)

	
	River management
	Dredging of sediments
	Investment program

	Use and retreat
	Land use in flood-prone area
	Avoiding land use in flood prone areas
	Building ban; hazard and risk maps; adapted insurance premium 

	
	Flood proofing
	Adapted construction
	Forecasting and warning; civil and disaster protection act

	
	Evacuation
	Evacuation of assets
	

	Regulation
	Water management
	Flood protection standards; restriction of land use
	

	
	Civil protection
	Civil and disaster 
protection act
	

	
	Spatial planning
	Building ban
	

	Financial stimulation
	Financial incentives
	Investment program
	 

	
	Financial disincentives
	Insurance premium according to flood zone
	

	Information
	Communication/Dissemination
	Information evens
	

	
	Instruction, warning
	Hazard and risk maps;

Forecasting and warning
	

	Compensation
	Loss compensation
	Public relief
	


Since the differentiation of SM and NSM does not allow for further clustering, it is proposed to enhance the systematisation applying the third aspect. The latter refers to intervention mechanisms of measures without specifying their effects. Accordingly no restrictions appear with respect to comparative evaluation of different measures. The following functions are derived from Olfert & Schanze (2007) and Parker (2007): Flood control, use and retreat, regulation, financial stimulation, information and compensation. For each functional group further types of measures can be indentified. Table 1 presents an overview of the resulting systematization considering the first and third criterion, the types of measures and examples of concrete measures. In addition, the last column indicates relations between measures. Especially the realization of physical measures normally depends on preceding regulatory, financial and planning instruments (see Olfert & Schanze, 2007). 
3. Outline Methodology for the Evaluation of Effectiveness and efficiency

The study aims at a significant step towards systematic evaluation and comparison of the effectiveness and efficiency of SM and NSM. It therefore compiles state of the art evaluation knowledge, enhances methods for the evaluation of NSM and comparison of SM and NSM and finally includes all findings in the framework of an outline methodology for the evaluation practice. Hereby, evaluation is understood as a systematic and transparent way of investigating an evaluand’s worth and merits based on comprehensible, empirical qualitative and/or quantitative data. It is assumed that each evaluation requires: 

· Indicators for describing intended and unintended effects;

· Criteria as evaluation concepts; and,
· Methods for calculating criteria values.
3.1 Indicators of effects
Indicators are the practical units of evaluation applied for the measurement of obtained effects, mobilized resources or accomplished outputs (EVALSED, 2007). They can refer to intended and unintended effects and consider hydrological/hydraulic, socio-cultural, economic, and ecological aspects (cf. Olfert, 2007). Hydrological and hydraulic effects describe common primary services of many flood risk reduction measures. Despite they do not constitute effects in terms of risk reduction, they are important milestones in the evaluation of related measures.
3.2 Criteria effectiveness

Effectiveness serves as evaluation criterion to asses the extent to which interventions achieved or are expected to achieve a given objective. The assessment considers only intended effects, while unintended effects lacking an objective are disregarded (Messner, 2006). Objectives are case specific quantified expectations for certain effects described by indicators. Effectiveness is represented by the degree of goal achievement in % related to the related effect.
3.3 Criteria efficiency

The efficiency criterion is dedicated to the assessment of the relationship of input and output. Two main types of efficiency assessment can be differentiated from an economic point of view:

· Cost-effectiveness analysis (CEA);

· Cost-benefit analysis (CBA).
Cost-effectiveness analysis (CEA)

The aim of the CEA is to determine the intervention which delivers the highest degree of performance at lowest costs compared to alternative measures or portfolios. Two main approaches can be distinguished. The league table approach focuses the maximization of output in the scope of available resources. The threshold approach seeks to achieve a given standard at minimum costs (Rheinsberger & Weck-Hannemann, 2007). In the case of evaluating measures, cost effectiveness states whether the given target of safety or remaining risk is achieved by minimal costs or whether risk reduction is maximized by a given budget. According to the explanation of effectiveness, the inevitable prerequisite for the cost-effectiveness is to set a specific aim or to give financial budget as threshold to analyze the cost-effectiveness. Like effectiveness, also cost-effectiveness is limited to the measurement of performance to that given objective, while other potentially beneficial effects are neglected (Messner, 2006).
Cost-benefit analysis (CBA)

The CBA balances both cost and benefits in monetary terms. For example, the present value of all costs of a decision alternative is compared to the present value of all benefits associated with that alternative. The overall goal is to select the most efficient alternative from a list of options (Hanley & Spash, 1993). Hereby, economic efficiency (or pareto optimality) is defined as an allocation of resources such that no further reallocation is possible that would create gains in production or consumption for some persons without simultaneously imposing losses to others. In other words, at least in theory, cost-benefit analysis is aiming at providing evidence for maximizing social welfare. For the evaluation of flood risk reduction measures this means that intended or unintended, tangible or intangible and positive or negative effects need to be taken into account. − Production costs of measures can be accompanied by transaction costs which again can be divided into 1) transaction costs of decision making and 2) transaction costs of implementing these management decisions (Birner & Wittmer, 2004, 669). 

3.4 Methods for calculating criteria values for non-structural measures

To enhance the evaluation capabilities with respect to the effectiveness and efficiency of NSM a number of these measures were investigated applying methods for the evaluation of SM or developing new tools specifically dedicated to NSM. The following measures with according methods were considered: Spatial planning with building ban, resettlement, flood forecasting and warning, community based flood protection, flood proofing, emergence response, insurance and public education and awareness.
Selected measures with according methods and derived findings are described in the following. This encompasses both single NSM as well as their comparison with SM.
A. Spatial planning / building ban (Raab River, Austria)
Measure: A building ban is assumed which would have ruled out any new settlement that had been developed in the floodplain during the last 10 years.
Method: An enhanced flood risk assessment based on a three-stage-methodology developed by BUWAL (1999 a, b) was conducted. Therefore the catchment of the river Raab was simulated by the semi-distributed rainfall-runoff model COSERO (Kling, 2002) to provide the input data sets for the hydrodynamic model MIKE FLOOD (DHI, 2004 a, b, c). Normatively defined scenarios assume (i) a dike, flood wall and offline retention basin, (ii) a building ban, and (iii) a spillway. For some scenarios additionally logjam and dike breach were considered. The simulated inundation lines, water depths and flow velocities were linked to the land use information to estimate the damage potential of the flood prone area related to a 5000-years flood (comparable to the August 2002 event on the river Kamp in Lower Austria). By integrating the scenario-based damage estimates and their respective probability, a detriment was calculated. A valuable input to the assessment of the damage potential was delivered by the survey of numerous ex-ante and ex-post analyses as well as by detailed mapping of the residential buildings and the local companies and census data.

Findings: Due to the increasing utilization in the hinterland, the vulnerability and accordingly the benefits of mitigation measures increase. The remarkably improved industrial park and the increase of utilization by residential houses are clearly shown by a tremendous raise of the benefit-cost ratio. Contemplating the evaluated measures, the most efficient measure is the existing protection scheme, improved by a spillway. However, investigations also show that a higher benefit-cost ratio, i.e. a more efficient mitigation measure, does not include lower remaining risk for the hinterland.
B. Resettlement (Mulde River, Germany)
Measure: For a small village we compared an already constructed ring dike as a SM with a hypothetical resettlement as a non-structural alternative.
Method: The efficiency of both alternative measures is determined by cost-benefit analysis. The benefits of the SM in terms of damage reduction were evaluated based on a standard meso-scale approach. For the evaluation of the benefits of the resettlement a nearly complete reduction of flood damage apart from agricultural damages is assumed. In order to estimate the costs of the resettlement we estimated compensation payments based on market values of properties. Sensitivity analyses are conducted with regard to the uncertainties in benefit and cost figures as well as different discount rates.

Findings: Cost-benefit analysis shows that both alternatives are not efficient, i.e. the costs exceed the benefits. However, the ring dike is evaluated better than the resettlement. With regard to effectiveness both measures achieve the official target of protecting settlements against 1/100 floods, but the ring dike achieves this target at lower costs.
C. Flood forecasting and warning (Lower Thames River)
Measure: Brings emergency responders to a state of readiness to manage a flood incident, including operating any control or diversion structures that can reduce flood peaks. It also allows the to warn members of the public at risk from flooding.
Method: Empirical research approach to identify the proportion of total flood damage potential which is likely to be saved by members of the public (in this case predominantly householders) moving damageable household inventory out of the path of floodwaters (Parker et al., 2007).

Findings: Limited effectiveness of flood warning response, as well as the limited effectiveness of the flood warning service and the availability of householders to receive warnings. Effective response was achieved by only 55% of those receiving a warning with a lead time of < 8 hours, and 71% of those receiving a warning with a lead time of > 8 hours.

D. Community based flood protection (Lower Thames River)
Measure: Emerging form of flood defence as communal measures including local ground raising, permanent flood wall/bund and demountable barrier protection for groups of properties.
Method: Costs are based upon capital costs, maintenance costs and other expenditures arising from ground investigation, design, land negotiations and legal costs, calculated over a 50 year period at a discount rate of 3.5%.  Flood damages are assessed using Multi-Coloured Manual data (Penning-Rowsell et al., 2005).  Benefits are based upon the average annual damage calculated from the potential flood damages in the 5, 10, 20, 50, 65, 100 and 200 year floods.
Findings: The study indicates that, on the basis of analysis of the pilot and initial sites (comprising a total of 851 properties), these measures are economically efficient, but not as economically efficient as say, flood diversions channels.  However, the economic efficiency of these measures varies considerably from area to area within the floodplain and B:C ratios range from 8.6 to 0.42 to 1. 

E. Flood proofing (Elbe River, Germany)

Measure: Individual property protection measures comprising flood boards and gates, orifice capping measures and evacuation of mobile goods. 
Method: For the analysis a fictive portfolio of small scale private measures is applied to single buildings. Exposed buildings are classified by using representative building types for which analytic damage functions are applied (cf. Deilmann et al, 2008). The building stock is treated at four hypothetic exposure levels which are differently exposed to flooding with the lowest expectable flooding starting at the level of a 1:10 flood. As a result, each single flood event will differently hit the buildings at the four levels. The loss potential is determined for a hypothetic 100 years return period. Based on investigations for comparable combinations of measures (Olfert 2007) different required costs and assumed effectiveness rates are applied to the building stock to describe costs of the measures and the avoided losses. A progression factor for exposed values is considered. Finally, for efficiency evaluation the net present value and benefit-cost ratio are calculated for different scenarios of future development. 

Findings: The portfolio is regarded in comparison to a structural protection line. For the case that no further development takes place, the portfolio of small scale measures shows a considerably better result in terms of B:C ratio (11 against 6) and an even slightly better net present value. This result becomes even clearer if assuming a dike breach in the time period (11 against 3). However, if permitting housing development in the protected area, the protection line improves its performance in comparison to private measures. But, seeing the results must be kept in mind that only economic criteria are considered disregarding existing monument conservation status of the area, public amenity and other aspects. 

3.5 Procedure of the outline methodology 
State of the art descriptions of the evaluation criteria together with the methods developed and tested for NSM provide the background for a procedure which assist in going through all evaluation steps and considering all relevant indicators, criteria and specific methods. The procedure makes use of experience in a number of European countries and therefore could additionally be seen a means of harmonization. The steps range from the definition of a measure with the condition of its implementation to the sensitivity analysis of its effectiveness and efficiency. Moreover, it provides items for critical reflection of the results. 
The overall methodology will be available in Schanze et al. (2008) soon.
4. Context conditions for the choice of structural and non-structural measures 
The evaluation capacity like it has been addressed before is supposed to influence the choice of structural and non-structural measures. On the one hand the performance of measures referring to societal values and goals may only be considered if they can be properly assessed. On the other hand comparison of structural and non-structural measures or of alternative portfolios required at least similar evaluation criteria. Accordingly it could be expected that a sound methodology will enhance the scope of measures which may be regarded in flood risk management. This especially should foster the application of non-structural measures, since evaluation capacities for these types of measures are currently limited due to a lack of appropriate methods. 
While this is the principal assumption for developing an evaluation methodology, the anticipation of its effects on the application of non-structural measures needs a more comprehensive view on decision making. In the “real world”, it is much more complex and subjective than traditional theories of rational choice like for example the neoclassical theory of economic behaviour suggest. Decision makers need to integrate multiple aspects of strategy development which can be grouped as the content of flood risk management such as the effectiveness of risk reduction measures, the context of an individual decision maker and its institution as well a the process pattern of the formulation and implementation of strategies (see Figure 2). 

It may be supposed that the context implicitly or explicitly influences the precedence of specific flood risk reduction measures. A wide range of internal and external context conditions are set by the cultural system, politics, legal regulations, physical requirements, personal knowledge, risk perception, previous experience, and so forth. However, up to now, it has been difficult to describe, explain and consider specific causal relationships between context and choice of SM and NSM. Hence, in our research case studies are conducted to consider this issue to some extent. 

Preliminary results show that context conditions determine, for instance, the relevance of criteria to evaluate SM and NSM. Flood risk management in England and Wales is characterized by a tradition in using efficiency as a major criterion for assessing measures. In Germany, in contrast, evaluating measures is characterized through providing equal flood protection up to the 100-year-flood in as much flood-prone areas as possible. Efficiency considerations are becoming more important to allocate resources to increase the safety standard of protection assets in reaction to the flood in August 2002.
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Figure 2: Three dimensions of strategies for flood risk management (Hutter & Schanze 2008)

Furthermore, context conditions have a strong influence on which measures are taken into account to improve flood risk management. In a context with strong political influence to increasing the safety standard via structural measures due to commitments of politicians to a “feel-safe” orientation of citizens, it is unlikely that an evaluation methodologies have significant effects in terms of considering NSM as alternatives or complements to SM (for such an example in Dresden/Germany see Hutter 2007). Quickly, SM become the focus of decision-making

5. COnclusions
It is the final aim of the study to investigate the effectiveness and efficiency of SM and NSM in the light of the context conditions of decision makers involved. Although not all of the work has been completed yet, especially with regard to the derivation of the generic findings, some exemplary conclusions can be drawn from the case studies as follows. 
In the English case study of the Lower Thames River, NSM are less efficient than SM, and are seen as likely to be less effective. The professionals engaged in this work do not see personal advancement coming from implementing NSM, and there are evaluation problems with NSM that make them "suspect". The public wants full protection, rather than the lesser protection that NSM brings. Politicians appear to support this position, against the policy drive of Defra as Environmental Ministry for a more balanced approach. Limitations on revenue expenditure also discourage NSM, which use this kind of finance, and the project appraisal guidance favours SM rather than NSM in its approach and language. Transaction costs appear not be important either way.

In the Scottish case study of the River Clyde in Glasgow the conclusions are that there appears to be a more pragmatic approach, using whatever measures enhance risk reduction and at the same time meet the parallel goals of pollution reduction, and urban regeneration; the three are inextricably linked. Benefit cost technique constraints on using NSM are there, but do not seem to dominate. Most flood risk engineers are located in local authorities rather than a stand-alone Agency as in England.  As a result they are more flexible in adopting flood risk measures and subject to fewer professional constraints in favour of SM. National policy in Scotland seems to put NSM measures on the same footing as SM, and the target of the Commonwealth Games in Glasgow in 2014 means that pragmatism and "getting things done" appears to be the dominant thought mode.

In the Mulde River budget scarcity apparently does not influence decisions on flood mitigation measures due to the serious flood in 2002. This explains why measures are conducted even if they appear to be inefficient due to their high costs. Instead, the effectiveness with regard to the 1/100-protection goal plays a much more important role. This protection goal aims at a provision of safety by containing flood water and therefore promotes SM. Another important point is that flood risk management is structured in a way that there is a clear organisational division of labour between the authority responsible for structural flood protection, and the authority, responsible for the non-structural warning system. The main responsibility and funds are given to the first authority, an organisation with a strong professional engineering background. However, the tendency towards SM is not only caused top-down, also personal values, demands and resistances of the individuals influence decisions. We found out that the personality of decision makers and their beliefs about measures is an important internal context condition. Personal interests and engagement especially on the local level affect decisions on SM and NSM and facilitates their implementation. This influence can either tend towards SM as well as towards NSM. 
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