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Abstract: In France, characterizing agriculture vulnerability to flooding is central in flood risk management as promoted by the Government. Agricultural areas located on floodplains are considered potential retention areas, the generalization of which should limit structural protection requirements (i.e. dykes) for urban areas. This approach implies that agricultural areas would have to endure more flooding than under the current system. Impacts of floods on French agricultural areas are not well known. Some research work on the assessment of direct damage on cultivated plots has been carried out. However impacts at farm scale are not yet well understood. Moreover, as flood retention policies are clearly related to financial compensation issues, economic appraisal of policies modifying flood risk exposition of agriculture is needed. This paper aims at presenting a methodology developed in France to identify the determinants of vulnerability due to floods at the farm scale and its current applications, especially the measures available to mitigate vulnerability which are proposed to farms. Based on ex ante evaluation of damage caused by floods and stakeholder questionnaires, 47 determinants of farm vulnerability to flooding were identified and classified. These determinants were used to draft guides for farmers to highlight flood related impacts and identify measures to mitigate vulnerability. They are currently used along the Rhone river and probably along the Loire river soon. This application revealed a need for further research what is currently underway. Firstly, we identify the effects of flood at the farming system scale, including possible interactions with the territorial scale, in order to propose a conceptual model which reflects the vulnerability of the farming system. Secondly, we propose ways for an economic assessment based on valuation of the different effects characterized on the farming system in order to improve economic appraisal of flood management projects at individual and territorial scales. 
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1. Introduction

In France, a growing interest for economic appraisal of collective flood policies is raising. Cost-benefit analysis is the most used ex-ante economic appraisal. Among the different methods of benefit assessment, we focus on avoided-damage method which lays on identification and monetarization of project effects. This method is clearly linked to the characterization of system vulnerability. French flood management policies promote new strategies such as the possibility to over-flood agricultural area or to mitigate of vulnerability instead of hazard prevention. These policies raise two questions for economic projects appraisal especially on agricultural activities. First, current practices of economic assessment of agricultural area vulnerability to flooding do not reflect the whole impact of a project on agricultural area; mainly because they do not consider agriculture as an economic activity but as a sum of plots. Thus, they do not take account of mid-term and long terms effects, risk of bankruptcy due to financial, economic and social components of farms vulnerability and systemic risk due to the economic network exposure (suppliers and distribution chain). Second, current practices of economic assessment on agricultural area do not allow economic appraisal of projects planning the implementation of measures to mitigate vulnerability. Economic research must be conducted to develop an economic model of agricultural area vulnerability which allows the integration of more effects in cost-benefit analysis and the appraisal of policies dealing with hazard and vulnerability. This implies, first, focusing and characterising vulnerability at the farm scale which is the relevant scale to consider economic, social and financial components of vulnerability. The main purpose of this study is to propose a conceptual model of farm vulnerability which consists in identifying flood-related effects on the system considering temporal dimension and interactions with its economic network.

2. agricultural areas in the French flood management background
2.1 How do flood management policies impact agricultural area?
Agriculture exposed to flood is not considered as an asset on its own by French flood prevention policies. Even within “Calamités Agricoles”, the French national system organized for compensations of natural disasters consequences on agriculture, floods are not considered central; droughts are the main issue. Nevertheless, agriculture is impacted by flood management policies in two ways. Firstly, flood prone agricultural areas have to be preserved as flood expansion areas (introduced by the law dealing with regulation of land uses in 1982, strengthened in 1995). Secondly, as in many other countries, flood retention infrastructures should overflow less vulnerable areas (typically upstream agricultural ones) to protect more sensitive ones (typically urban downstream ones).

The latter point is particularly reinforced by the law of 2003, which explicitly introduced the concept of flood exposure transfer. Local communities have the right to impose over-flooding servitudes on non-urbanized areas either to directly mitigate exposure of other part of their territory or to compensate hydraulic effects of local protections. Over-flooding can result from retention infrastructure (typically dry dams) or diminution/effacement of existing local protection (typically dykes). The introduction of overflooding servitudes clearly raises the question of compensations for such exposure transfers of flooding risk. Local communities have to compensate for damage due to overflow, but they may mitigate vulnerability in order to limit flood damage. The option of vulnerability mitigation is also promoted by the Flood Prevention Action Program (PAPI, also named Plan Grand Fleuve for the main French rivers), the new multi-annual financial contracts between water catchment management structures and national government.
2.2 Loire watershed: vulnerability approach of flood management as applied to agriculture
The Loire is an important river located in France, which has a long tradition of flood management. The importance of this management can be explained by the significant potential damage that can be   incurred in the floodplain areas along the river Loire. The total cost of potential damage is 6 billion € for all existing economic activities, housing, infrastructures in flood areas. The damage to agricultural activities represents 10% of the total costs of potential damage. More than 1500 farm-stead are concerned. A certain number of them belong to high added-value production sectors (ex: Val d’Authion is the first seeds producer in France). Moreover, agriculture is the major activity for the economic development of more than 200 communities along the river Loire.
In the program « Plan Loire Grandeur Nature », which began in 1994, one of the objectives was flood prevention. After a long period of flood management using structural measures such as building and reinforcing dykes or elaborating dam projects, the approach developed by Plan Loire was to better understand the vulnerability to flooding of the different activities of the territory and to suggest ways of reducing it. This change in the way on managing floods by focusing on vulnerability and not only on structural measures is representative of the change which is gradually taking place in French mentalities. In the case of agricultural activities, guides to diagnose agricultural vulnerability have been drawn up, based on an important and innovative work to identify the determinants of vulnerability at the farm scale. This work was essentially based on an experience feedback process targeting farmers, authorities and other stakeholders concerned by floods. 

Four guides have been elaborated corresponding to the major productions: perennial crops especially arboriculture and viticulture, field market gardening, greenhouse market gardening and herbivorous livestock farming. Since their creation, they have been tested and used by sixty farmers in France. These guides offer the possibility to farmer to better understand how his activity may be damaged during several weeks or months. Guides to diagnose farm vulnerability are today operational tools for the whole French territory. Their use could increase in the next years. They have already been applied on Rhône downstream where a program to mitigate vulnerability of agricultural area is currently running. Along the River Loire too, an important European program is launched to reduce vulnerability of 15 000 companies, including farms. Known limits of the guides are due to the individual approach developed (farm scale) and the lack of evaluation valuation of vulnerability measures.

At the present, local authorities and financial actors who elaborate flood prevention programs are interested in the development of a territorial approach of agricultural vulnerability, and in economic valuation of mitigation measures. Two complementary approaches are proposed to fulfil economic valuation need: First, a classification at individual farm scale of efficient measures to mitigate farm vulnerability based on the ratio of costs and benefits (avoided damage). Second, cost-benefit analysis of flood management projects at a territorial scale based on scenario of implementation of measures to mitigate farm vulnerability or on modelling of hazard change.  It implies developing a model of agricultural area vulnerability assessment which allows us to conduct these kinds of project appraisals.
3. state of the art of agricultural area vulnerability assessment

3.1 Definition of the concept of vulnerability

3.1.1 Definition of vulnerability as applied to flood management in France

In French management policies, vulnerability has been defined since the 80’s with the development of risk management schemes in which risk exposure linked to the different activities had to be studied. In these documents, the definition of vulnerability tended to center on  the localization of potential human impacts and the estimation of potential damage (SAGERI, 1988). Torterotot (1993) defined vulnerability as a function which enables the expression of the potential impacts thanks to hazard parameters, the nature and quantity of goods exposed and the resources available It is very important to distinguish the concept of vulnerability and the indicators used to evaluate it. D’Ercole (1998) expresses it saying that “vulnerability can be defined using  three approaches which represent the same reality: (1) the specific state, (2) which can be measured by the potential consequences and (3) which  can, in turn, be  characterized in order to identify possible ways of reducing it” (Ledoux, 2006). The lack of understanding of impacts of floods on systems studied and the difficulties in evaluating some impacts (indirect, intangible) mean that the vulnerability assessment is often reduced to a standard valuation of direct and tangible damage. But this approach is more and more questionable because it does not actually reflect the vulnerability of a socio-economic system (Hubert et al., 1999).

3.1.2 To widen the concept of vulnerability

The literature concerning vulnerability unanimously agree that current practices used to assess vulnerability  lack a realistic conceptualization of the social and economic issues that determine vulnerability (Brown et al., 2002; Messner et al., 2005) and flood research needs to develop a wider definition of vulnerability for flood risk evaluation. For this reason, the definition of vulnerability adopted by the European project Floodsite (Steinführer et al., 2007) was “the characteristics of a person or group in terms of their capacity to anticipate, cope with, resist, and recover from the impacts of a natural hazard” (Blaikie et al., 1994). This definition stresses the fact that that the vulnerability of socio economic systems have several components (physical, economic, financial and social) that we need to take into account. That is why it is essential to understand how the system functions and to investigate the internal effects linked with the disturbance due to the floods. 

3.2 Current assessment practices of agricultural area vulnerability

Agronomical works about impacts characterization of crops submersion are scarce and quite old (Aleser et al, 1957 in (Poirée M. et al., 1973)). Moreover they do not fit the French agricultural context because they were carried out in Hungry. Due to the little interest shown for the agricultural sector, agro-economic models of flood related agricultural damage were poorly investigated. In the United States, where economic evaluation of project at the federal scale have had to be done since 1936 (Flood Control Act), some models were developed in the 1970’s (Longhini, 1997). These models compute direct flood damage on crops functions for: the season only (McDonald, 1970),  the depth of inundation and the season (Lacewell et al., 1972) or the depth and duration of  inundation (Goulter et al., 1983). Morris et Hess (1988) developed a model which tries to emphasize the link between direct and secondary damage based on  the example of the dependence of breeding on grassland production (Hess et al., 1988). They are based on the plot scale and do not consider the effects of these direct damage at the farm scale. Damage functions by hectare of crops have been established in France (Deleuze et al., 1991; Torterotot, 1993). From several bibliographic sources, direct damage to crops were updated and adapted to the French agricultural context. The net costs evaluated took into account crop damage and considered the possibility of adapting agricultural practices (new sow, late crops).  Another important study has been conducted in France after important floods of the river Rhône in 2003.  A model has been developed to make ex ante assessments of damage incurred. A damage coefficient by types of production has been defined to compute agricultural losses functions of three hydrological parameters of the flood (speed, depth, season of occurrence) (SIEE, 2005). Recently, a methodological guideline for socio economic flood damage valuation has been published. It contains recommendations for agricultural damage assessment. It is based on an estimation of the impact of flooding on agricultural productivity which is expressed in monetary terms. However, it is still focused on the plot scale and adapted to English agricultural conditions (Messner et al., 2006). 

Current practices of economic valuation of agricultural area vulnerability use the plot scale to compute damage and nearly always consider only direct damage. This approach limits the characterization of effects to physical loss of crops, which is not representative of the vulnerability of agricultural area. 

3.3 Why do these methods not allow us to assess vulnerability of agricultural areas? 

As part of the Loire scheme, an experience feedback process was established to understand the mechanisms and the determinants of the agricultural activities vulnerability (Bauduceau 2001). The conclusions are that direct damage, i.e. crop damage, does not entirely represent mid-term and long-term consequences of the flood. Damage at the plot scale is not representative of the global impact of the flood on the agricultural activities due to some internal effects. Flood causes direct financial losses but it also leads to a disturbance of production cycle which depends on the intrinsic characteristics of the system (internal functioning and links with the others actors of the territory). The possibility to take into account the bankruptcy risk is only relevant at the farm scale. 

Moreover, we said that on the one hand, non structural measures such as measures to mitigate vulnerability tend to develop and on the other hand, subsidies of state-owned establishments seem to be increasingly conditioned by economic evaluations to prove efficiency. But how can the implementation of measures to mitigate vulnerability be evaluated if the model does not enable us to take into account the effects of this measure? That is the paradox we are faced with. Presently, the models used for agricultural damage assessment provide a damage compensation figure by hectare based on hazard parameters and the type of culture on the plot. These models do not enable the evaluations of effects of plot distribution modification or of the optimization of stock management or also the use of insurance on farmer’s income. That is why the functioning of the farm as a whole, the internal effects and interactions with the territory must be taken into account. 

4. our APPROACH: agricultural area vulnerability assessment at farm scale
4.1 “Plan Loire”: understanding vulnerability at the farm scale to mitigate it
The modelling we present in the next section is based on the first French research on vulnerability of agricultural activities at farm scale. This work was carried out in 2000 by the multidisciplinary team “Loire Grandeur Nature”, whose aim is to bring technical inputs to Loire river basin managers. Enquiries in a lot of regions of France affected by recent disasters were conducted. More than a hundred farmers from every type of production sectors were met and considerable efforts were made to collect data concerning the origins and the consequences of such events on agricultural activities. Theses investigations allowed the identification of forty seven components or factors of farm vulnerability. These factors can be regrouped into several categories which concern the following themes:                                                                                                                                         

-
farm economic environment (market stability, structural trend of prices…)

-
farm social environment (belonging to a well recognized sector in the field of local policies…)

-
production system internal characteristics (degree of exposure to flood risk, presence of animals)

-
farm internal financial capacities (indebtedness, existing insurance…)

-
farmer social characteristics (age, flood awareness, strength of character…).

The high number of vulnerability factors led to the use of two complementary approaches, based on structural analysis and on multicriteria analysis, to identify the major ones. Most of them concern the production system’s structure (proportion of usable farm land exposed to flood, degree of specialisation, flexibility of farm work planning…), the farm’s economic characteristics (indebtedness, insurance) and the farmer’s risk culture.
4.2 From a qualitative to an economic assessment of farms vulnerability
4.2.1 The effects of flooding on farming system: a conceptual modelling of vulnerability
From the original work of multidisciplinary team “Loire Grandeur Nature”, we proposed a modelling of agricultural vulnerability at the farming system scale as presented in the figure 1. The farming system uses the combination of its resources which are farm’s lands, workforce (farmer, family and employee) to produce animal or vegetal output (Reboul, 1976). It is a dynamic system in interaction with the other stakeholders of the economic network (input suppliers, distribution chain, others farms).
To characterize the vulnerability of the farming system, we identified the effects of flood on it and link them to damage incurred. Defining the effects suppose to compare the system before, during and after the event. Two dimensions were particularly important for us, the temporal and the spatial one.

First, the effects on human beings are psychological and possible physiological injuries which appear during the submersion and can last during indefinite time. This will hugely disturb the farming system in terms of workforce and decision-making. Secondly, effects on equipment, buildings and plots can be broken down into two categories which are deterioration and inaccessibility: (1) the resources can be deteriorated leading to repair costs; (2) these resources can also be unavailable because of their submersion or their deterioration leading to disturbances of production cycle which can be more or less acute depending among others factors on farm work planning flexibility. It is important to notice that even if the crop production is little or not damaged, which depends on season of occurrence and the farm production, the general functioning of the farming system can be disturbed due to other resources unavailability. Third, this model highlights the financial vulnerability. While the added value decreases due to a malfunctioning of the production cycle, the farming system needs financial resource to restore the material resources and regain its initial potential. This entails a dependence on personal or external financial resources such as compensations and loans. The temporal dimension is on this point particularly important because a delay of compensations payment by insurance and state will oblige the farming system to get a short term loan or to draw in its personal wealth leading to additional costs. The financial vulnerability also depends on the nature of farmer’s family income. The more the family depends on farming system’s income the more it is vulnerable.
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Figure 1: Effects on the farming system during and after a flood
Figure 2 presents the effects on the farming system due to the economic network of stakeholders which can be damaged. Thus, if the distribution chain is damaged the farming system could not sell its production even if it is not damaged. The same process can be observed as for the input sellers whose the farming system depends on for reparation and input supplying.
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Figure 2: Effects of flooding on farming system due to economic network
4.2.2 Implications for economic evaluation and data collection
The link between vulnerability model presented and its use in an ex ante economic project appraisal based on cost-benefit analysis is carried out by effects monetarization. This has several consequences for coming work. First, robust modelling of structural damage on buildings, equipment, stock and plots depending on hazard intensity needs to be developed. Second, there is need on microeconomic modelling of farms response to this situation, given both their financial and human resources available. This model shall particularly give insights on following main questions: Can flooded farm go back to the situation before flood? If not, how close from initial situation can it be? How long does it take to return?
The question of data availability to build the model is something we need to anticipate. Different kinds of data needed can be distinguished. On the one hand, we will need data on hazard modelling (depth of submersion, season of occurrence, duration of submersion, speed). On the other hand, data about farming systems will be essential. Depending on the scale of economic evaluation (individual or territorial) we will need more or less aggregated data. We have presented above the guides to diagnose farm vulnerability set up by Plan Loire. They contain essential information for an evaluation at individual scale. However, guides are quite recent and have not been yet applied a lot on French watersheds. For a territorial ex-ante evaluation, it would be very costly to obtain individual diagnosis of each farm and these costs should be integrated in the cost of the project. That is why it appears essential to determine typologies and classify farming systems functions of their vulnerability to floods. Then it can be considered to diagnose the vulnerability of a sample of representative farms or to use aggregated data on structure (agricultural general census) and farm accountancy (agricultural accountancy information network).
5. conclusions
Economic assessment of flood management policies in general is needed by decision makers and financial actors to choose efficient and consistent projects. New flood management policies imply that agricultural areas would endure more flooding than in the current system. So, vulnerability assessment of agricultural area appeared as a key issue because agricultural area vulnerability was not well known and some financial compensation issues of “over-flooded” agricultural areas were raising. Conceptualization of vulnerability at farm scale has been improved for the past ten years. Multidisciplinary team “Loire Grandeur Nature” drew up guides to diagnose vulnerability which enable a qualitative valuation of farm vulnerability at individual scale. Now, policy and decision makers need financial tools to help decision making at two different spatial scales. At individual farm scale, there is need to prioritize which measures to mitigate farm vulnerability are more efficient. Second, territorial evaluation of flood management project including change in hazard or mitigation of vulnerability is the essential tool for decision makers. But, until now, economic models of agricultural area vulnerability to flooding assessment take into account a little part of effects caused by projects. Due to the assessment at a plot scale, agriculture is not seen as an economic and social system. It is a challenge for economic research to improve methodology on this particular activity widening its vulnerability, in order to improve project appraisal. The model of agricultural area vulnerability shows the effects of floods on farming system and will enable us to monetarize them. The economic model that will be developed would enable assessment of mid-term and long effects, systemic effects (interactions between farms and economic activities linked) and farms risk of bankruptcy. These points were not taken into account in project appraisal before but we think they can change hugely the conclusions of cost-benefit analysis.
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