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Sg 19 Abstract

27 20

28 21 Muddy floods, i.e. water flowing from agriculturbélds and carrying large quantities of soil, affec
30 22 routinely numerous municipalities of central Belgiunorthern France and southern England. A
31 23  comparison of flood frequency between differentdpaan regions is difficult, because of the lach of
33 24 uniform and official database as well as the laagsecheterogeneity of administrative entities. Agri-
34 25 Environmental Measures (AEMSs; e.g. grass buffepstrcan contribute to the control of muddy
36 26 floods but their installation is voluntary and degs therefore on farmers’ willingness. Actions to
38 27 increase awareness and to inform the farmers prtovettrease drastically their participation rate i
39 28 AEM programmes. In all the studied regions, floodne areas are increasingly taken into account to
41 29 define land approved for development. Moreovergssvschemes for the control of muddy floods
30 have also been proposed at the regional scale. ¥owihere is a spatial mismatch between the scale
44 31 at which muddy floods are triggered (small catchinsele) and the scale at which public authorities
46 32 can operate (municipality, grouping of municipaktj delineated flood prone areas, river basin). In
47 33 future, beside curative measures (e.g. retentiomlpand dams), farming techniques preventing runoff
49 34 and erosion in the field (e.g. conservation tillagieould be encouraged. This could be achievetidy t
51 35 creation of a new AEM. Moreover, guidelines for theation of AEMs could usefully be introduced.
52 36  Existing flood control schemes should also be syatially carried out by catchment agencies
54 37 including legal, environmental and financial exjsert These agencies should be set up for local
56 38 groupings of municipalities and provide them techhiassistance to equip the flood prone areas and

57 39 carry out maintenance of the implemented contrasuees.
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1. Introduction

In the European loess belt, water flowing from agjtural fields and carrying large
guantities of soil as suspended sediment or bedtegdently concentrates and leads to
muddy floods in the downstream villages (Boardmizal.¢ 1994; 2006). They are generally
triggered on silty and loamy soils which are prémsurface sealing. Central Belgium,
northern France and southern England are sevefeljted by these floods (see e.g.
Boardman et al., 2003; Souchére et al., 2003; Bwtal., 2007a). The main physical
processes contributing to muddy floods are runeffegation on crusted soils, the detachment
of soil particles and aggregates by rainfall antbftias well as the sediment transport over
long distances by runoff, particularly when theaflooncentrates in linear landscape features
such as thalwegs, field borders and tramlines. iRgi®ases runoff connectivity, flow
velocity and peak discharge between cropland amdhsimeam villages or rivers. The
occurrence of muddy floods in the different regiohshe European loess belt is related to the
interaction between rainfall distribution and saifface conditions including vegetation cover
(Auzet et al., 1990; Ludwig et al., 1995; Souchetral., 1998; Takken et al., 2001; Evrard et
al., in press). In Belgium and eastern France, ift@mstls are associated with heavy
thunderstorms on fields planted with summer crepg. (maize, sugarbeet, potatoes) and
occur between May and September (Vandaele and ®Rde385; Evrard et al., 2007a). The
floods are even more concentrated in eastern Frartiee peak in May and June (Van Dijk
et al., 2005). In southern England on the South moas well as in northwestern France
(Normandy), they are mainly reported in autumn amder, associated with fields planted
with cereals (Boardman et al., 2003).

Beside on-site impacts (e.g. gullying, damage tops), muddy floods lead to
numerous off-site impacts and induce high damagesad@Boardman et al., 2003; Evrard et
al., 2007a). Therefore, measures controlling eroaitd runoff are needed. Alleviating muddy
floods is a very complicated task because it ithatcrossroads of several policies. It is a
combination of hydrological and geomorphologicabgesses leading to soil erosion on
agricultural land and to damage in downstream iitedbareas. Therefore, prevention of
muddy floods requires spatially-integrated inittas related to water, agriculture and
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76 environment management as well as land use pali€ies multiplicity of the stakeholders
77 involved in muddy flood management as well as thaired expectations make the definition
78 of an integrated policy even more complex. Morepveuddy floods are a very local

79 phenomenon, often triggered by local thunderstotas,they are influenced by large-scale

©CoO~NOUITA,WNPE

10 80 policies. For instance, the implementation of therdpean Common Agricultural Policy

12 81 (CAP) partly explains the increase of flood frequembserved during the recent decades
14 82 (Souchére et al., 2003). Similarly, these policescouraged the conversion of chalk
16 83 landscapes in southern England from grass andgsmeneals to winter cereals and led
84 directly to the erosion problems of the 1980s. B92, CAP reforms introduced agri-

19 85 environmental schemes, according to which farmers i@ceive payments to implement
21 86 environmentally-friendly farming techniques goingybnd good farming practices (Ritson

23 87 and Harvey, 1997). However, many of the finanaiakentives encourage ways of tacking the
o5 88 symptoms of the problems (e.g. runoff, erosionjher than the causes themselves (i.e.
26 89 intensive agriculture). The extent to which agrdeonmental measures are applied in order

28 90 to reduce runoff and erosion could usefully be eatdd fifteen years after their introduction.

30 91 The European Commission has also recently workevordirectives that can play a
31
32 92 role in muddy flood mitigation. First, the Water aRrework Directive (2000/60/EC)
33

93 establishes a common framework for water proteciiod management at the scale of river
35 94  basin districts. Second, the Soil Thematic Strateglg out principles to protect the soils
37 95 across the EU. The member states must definegtrategy to use soils in a sustainable way
39 96 on their territory within this common framework. &vthough agricultural and environmental
a1 97 policies are mainly driven by European legislatithe individual states and regions transpose
42 98 and apply them locally in different ways. Beside -Btiven actions, numerous mitigation
44 99 measures are taken at the regional or even thedoake.

46 100 The objective of this paper is to identify the ¢ixig strategies to mitigate muddy
48 101 floods in severely affected areas of the Europeasd belt (central Belgium, northern France
49 102 and southern England) and to point out the mosiceife and efficient measures that should
51 103 be promoted. Stress is laid on European-drivencigsliand regional mitigation schemes.
53 104 After a brief comparison of data sources on muddpd frequency in the regions, we
55 105 compare the mitigation measures taken at Europestignal and regional scales. Then, we
57 106  move on to the local scale to highlight the spedifitiatives taken by the farmers and the
58 107 municipal authorities. Finally, effective strategjienabling integrated management of the

60 108 phenomenon using appropriate tools will be propagih respect to the management scale.
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The paper constitutes an updating and expansi@andier views of the topic (Boardman et
al., 1994; Fullen et al., 2006).

2. Studied regions and available databases on muddy floods

Central Belgium, northern France and southern Erwgtae all located in the loess belt
of northwestern Europe and are characterized by sontaining at least 60% silt which are
very sensitive to surface sealing (Boardman efl8P4; Fig. 1). Major landscape changes
have been observed in these regions during theléastdes (Souchere et al., 2003).
Urbanisation has expanded into rural areas. Nunsdemd consolidation programmes were
carried out in Belgium and in France without takingp account the limitation of
hydrological transfers at the catchment scale (Eveaal., 2007b). A regional crop
specialisation is generally observed in many regisach as large-scale maize cultivation in
Alsace (Van Dijk et al., 2005). Moreover, the aveaer grassland has decreased during the
three last decades in all of these regions asudt ifghe intensification of livestock breeding

and dairy farming.

2.1. Physical and demographic characteristics efstudied regions

The physical characteristics of the studied regjiare similar. They have significant
proportions of cropland and the areas in Belgiuoh morthern France have gentle slopes; in
southern England slopes in the range 5 to 15 degumeefrequently cultivated (Table 1).
Mean annual temperature ranges from 9 to 11°C eveverage precipitation reaches between
700 and 1000 mm. Rainfall is well distributed thgbaut the year in Belgium as well as in
northeastern France. In contrast, annual raingall@ll as the contribution of autumn and
winter rainfall is higher in southern England (F2j.

In Belgium, muddy floods are concentrated in theti@ part of the country where
loess-derived soils dominate. The area is managdtidoadministrative entities of Flanders
and Wallonia (Fig. 1). The Brussels region is edell, given cropland is virtually absent
from the capital city.

An important part of the areas affected by muddgds in France is located in the
northern part of the country (Le Bissonnais et2002). Two administrative units (the so-
called ‘départements’ and referred to as ‘departei@mthe remainder of the text) with

particularly high muddy flood densities were sedector study (Aisne and Upper Rhine; Fig.

http://mc.manuscriptcentral.com/ldd
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143 1). The Aisne department is located in the ParsirBa he central part of the department is
144 characterised by intensive cropping (winter cerealgar beet, oil-seed rape). The Upper

145 Rhine department is characterised by widespreadoutture of maize that provides a low

©CoO~NOUITA,WNPE

146 vegetation cover to the soil during the heavy tleustbrms of May and June (Van Dijk et al.,
10 147 2005). Hilly regions of the department are partciyl affected by muddy floods (e.qg.
12148 Sundgau, Fig. 1).

13

14 149 In southern England several areas have beenedfégtmuddy floods but good data

15

16 150 only exists for the South Downs in the countieka$t and West Sussex. The thin, stony soils
g 151 of the Downs limit the range of crops that can g and the area is dominated by winter

19 152  cereals, with some oil-seed rape and grazing feeshDry valley systems drain to the south

21 153 where ephemeral flows of water encounter coassalrte such as Brighton and Worthing.

23 154 The risk of muddy flooding is largely confined teetautumn and early winter months before
o5 155 adequate crop cover is established. To the northeoSouth Downs, on loamy and sandy

26 156  soils on Cretaceous sandstone outcrops, intenaima@rfg of cereals and spring-planted crops

28 157 of potatoes and maize give rise to muddy floodisygeeially around the town of Midhurst.

30 158 General demographic and farm characteristics ofsthdied regions are summarised
31 . - . . .
32 159 in Table 2. For a similar natural context, the sddregions show a large variation in
33

160 population densities (between 73 inhkrin the Aisne and 499 inh.kmin Flanders).
35 161 Residential expansion is currently observed in el peripheries of large cities (e.g.
37 162 Brussels, Mulhouse; Caruso, 2002). Large farms datai in northern France (88 ha on

39 163 average in the Aisne vs. 18-45 ha in the otheoreg)i

4 164

jé 165 2.2. Data sources on muddy flood frequency

44 166

jg 167 The first problem arises when we want to obtaitada the extent and frequency of
47

48 168 muddy floods and compare them. There is no unifana official database recording muddy
49 169 floods systematically in all the regions. Moreovadministrative units do not correspond to
51 170 natural regions, introducing a bias in the comparisf muddy flood frequency between the
53 171 different European regions.

55 172 In Belgium, the Disaster Fund (Belgian Ministrykddbme Affairs) provides a database
57 173 of natural disasters. Floods are not qualifiednasddy’ but it is possible to restrict the search
58 174 excluding floods ‘due to the overtopping of riverdHowever, the Belgian Federal

60 175 Government approved on May 21, 2003 a law on cosgoylinsurance covering natural

176 disasters. Consequently, only the damage due tp esareptional events (leading to more

http://mc.manuscriptcentral.com/ldd
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than € 280 millions damage) will still be compeeshby the Belgian state in the future. In
this context, the most reliable data source camsist questionnaire sent to all municipalities
of central Belgium (Evrard et al., 2007a). Thisvayrshowed that 79 % of the municipalities
(n=201) were affected by at least one muddy floudra ten year period (1991-2000 for
Wallonia ; 1995-2004 for Flanders). Of these 1@®dled municipalities, 22 % experienced
more than 10 floods in 10 years.

In the Aisne department, the municipalities potdhtiaffected by muddy floods can
be identified thanks to the adoption of a ‘floodkriprevention scheme’(PPRI). In the past,
these schemes were not explicit on the natureoofdfhg. Since 2000, specific schemes aim
to cope with muddy floods. By 2006, 51% of the noipalities in the Aisne department
(n=834) required a flood prevention scheme but aid hbeen approved in only 39
municipalities (5%).

In the Upper Rhine department, reports of natuisdsier statements provide data on
the flooded municipalities. Since 1982, the Frendlatural Disaster law provides
compensation to the victims (Auzet et al., 2006heQhird of the municipalities in the
department (n=377) were affected by at least ongédyélood during the period 1985-2003.

In southern England there is no official attemptatiect data on flooding or damage.
Boardman et al. (2003) report 138 incidents of dgarta property by muddy floods in the
years 1976-2001. This relates to an area of themaSouth Downs from Worthing to
Eastbourne of about 496 knThis estimate is based on personal observatidrtenuse of
newspaper reports. There is no systematically celtedata for the Midhurst area. In other
areas of England, there are anecdotal reports dfignflooding, some newspaper reports and
occasional case studies in the academic litergguge Boardman, 1995; Evans, 1996; Evans,
2004).

Overall, Flanders seems to be the most affectedumdy floods (Table 2). It is also
the region with the highest population density. ld@er, a comparison of flood frequency
between administrative units that do not corresgorftbomogeneous natural regions is not

objective.
2.3. Data sources on muddy flood costs
Studies evaluating the costs induced by on- anditdfimpacts of muddy floods are

very rare. Costs associated with single floodsaaeslable for certain municipalities (see e.g.
Verstraeten and Poesen, 1999; Evans, 1996; Evad4; Boardman et al., 2006). A global

http://mc.manuscriptcentral.com/ldd
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estimate of off-site damages induced by muddy #doas been made for central Belgium
(between € 16 and 172 millions per year; Evraral e2007a).

Costs induced by muddy floods in France are rqugblimated in the reports on
natural disaster statements. However, insurancg@ani®es refuse to publish damage cost data
because of confidentiality issues. Cost data algraade available for very local areas or
individual floods. For instance, muddy floods lecatmean damage cost of € 118 k&' in
the village of Soucy (Aisne department) during ay&@r-period.

There is also little data in southern England ostsof damage. Robinson and
Blackman (1990) report off-site costs of seriousithuflooding in 1987 at four major sites in
Brighton suburbs in excess of € 957,000 excludwlge and fire service costs. Most of them
were borne by local councils and insurers, bueéast € 162,000 was uninsured. Two major
flooding incidents at Breaky Bottom Vineyard andriiouse in 1987 and 2000 have resulted
in out-of-court settlements from the insurers & tip-valley farmer (Boardman 1988, 1994,
2000, 2001). Total cost to the insurers for the@®00 event alone were approximately € 1.45
million.

Overall, data available show that muddy floods selbigh damage costs and that

these costs remain in the same order of magnitutteeidifferent European regions.

3. Stakeholdersinvolved in muddy flood mitigation

Muddy flood mitigation is at the crossroads of eli#nt policies (agriculture,
environment, land use planning and water managgméhé European Commission is in
charge of the European Common Agricultural Poliog @repares numerous environment-
related directives. The national governments (er rkgions in Belgium) have to transpose
and apply them locally.

In Belgium, the regional administration funds aganumber of public or non-profit
making organisations that work on different topijagral development, river or natural park
management), but without any effective coordinatidRoads and watercourses are
hierarchically classified and managed by differagininistration levels (regional, provincial,
local), making any ‘hydrologically-consistent’ supision very difficult. For instance,
watercourse managers must cope with siltation \arsi without any possibility to control
erosion on the cultivated land draining to the néve

In France, a hierarchical structure prevails (SRegion-Department-Municipality).

Several state services and agencies (Departmegéaldd of Agriculture and Forest — DDAF;

http://mc.manuscriptcentral.com/ldd
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Departmental Agency of Equipment — DDE; Water AgesicDepartmental Councils) are
implicated in erosion management as well as loeaérs’ trade unions (‘Chambres
d’Agriculture’). Even though there is collaboratidretween these institutions, there is
generally no specific structure to coordinate mutldgd mitigation. Therefore, an ‘erosion
task force’ (‘mission érosion’) was set up in 1988he Aisne. It does not replace the other
agencies, but aims to set up specific, individunal Encal actions. This initiative remains very
local and highlights different management approadietween the French departments. The
dynamism of local farmers’ trade unions and depantia authorities has a major influence
on the implementation of local actions to contmston phenomena.

In England, Defra (Department for Environment, Foadd Rural Affairs) is
responsible for agricultural policy and thus foogon and muddy flooding. Water quality
issues under the Water Framework Directive are lsdedoby Defra to the Environment
Agency. Natural England is in charge of the impamh biodiversity and the Highways
Agency and local authorities are responsible fmodled roads and adjacent property.

Who is in charge of risk mitigation at local satepends not only on large-scale
policies (e.g. CAP) but also on field realitiesrgescale policies are not always easily
applicable in the local geomorphologic context. Btwrer, recent investigation of risk
perception in the Upper Rhine department showsthigapopulation demands from local
authorities that they implement ‘visible’ protectimmeasures (Heitz et al., in press). This
experience can also be reproduced in England (Eaach&oardman, 2003). Policy is hence

decided at the European scale whereas the popuksis for local actions.

4. Muddy flood mitigation measuresresulting from the CAP

In Belgium, the regions are responsible for the lempentation of agriculture,
environment and land use planning policies in thenework of the EU guidelines. In France,
the national ministry of agriculture is in chardetltese policies. Decentralized state agencies
are responsible for the implementation and the robrdf agricultural and environmental
rules. Policy in England is characterised by cdisation with little devolution to regional or

local government.

4.1. Cross-compliance

http://mc.manuscriptcentral.com/ldd
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278 Cross compliance regarding erosion mitigation cxinsin a series of standards that
279 farmers need to meet in order to receive the tgtadf their subsidies. It has been

280 implemented with regional specifications (Table. 3a)Wallonia, specific rules are applied to

©CoO~NOUITA,WNPE

281 fields having at least 50% of their area (or minim@.5 ha) with a slope steeper than 10%. In
10 282 contrast, Flanders bases its rules on the resulis adapted version of the RUSLE equation
12 283 applied for each cultivated field of the regiongseg. Verstraeten et al., 2001). Alternative
14 284 farming practices must be used or Agri-Environmilt@asures (AEMs) must be installed on
16 285 the fields at risk. In France, cross-complianceesebn respect for good agricultural and
286 environmental conditions. A cover crop (‘couvertviekonnemental’) or grass buffer strips
19 287 must also be sown on at least 3% of the cultivatetace for which subsidies are granted. In
21 288 England, in order to receive payments (Single PayrSeheme), farmers have to maintain
23 289 land in Good Agricultural and Environmental Conaliti GAEC) for a payment of €43.5ha
o5 290 Farmers can then be volunteer to enter an EntrglLegheme of Environmental Stewardship
26 291 if they wish for further payments. To enter the Ihig level Scheme, farmers have to bid
28 292 competitively. As part of Entry Level and Highervet schemes, a Farm Environmental
30 293 Record has to be produced and record, among dihmgst land suffering from erosion and
32 294 runoff. Each farm has a points target related tenfaize that they must attain by choosing
295 from a range of options. Some of these options belgrol runoff e.g. grass buffer strips.
35 206 There are also options related to management of drigsion risk cultivated land, of special

37 297 concern being that under root crops such as pataioeé sugar beet, maize and outdoor pigs.

39 298

jg 299 4.2. Agri-Environmental Measures

42

43 300

44 301 Farmers have to fulfil minimum environmental stangdain order to receive their EU
45

46 302 single payments. If the farmers want to go beydrdé standards, they have the possibility to
48 303 implement Agri-Environmental Measures (AEMs) durimdive-year minimum period. They
49 304 are hence paid by society for the environmentaViserthey deliver. Agri-environmental
51 305 schemes are flexible and implemented differentigoeding to the state or region in Europe
53 306 (European Commission, 2005). Such flexibility erablhe regions or states to meet certain

55 307 local environmental needs.

20 308
58 309 Belgium
59

60 310
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In Wallonia, two AEMs contribute to runoff and ei@s mitigation even if they were
not designed to achieve this specific objectiveinstallation of Grass Buffer Strips (GBS)
and (ii) sowing of cover crops during the dormaetipd. Farmers’ participation rate to these
measures increased from 1998 to 2006 in the Walloess belt and reached 17% in 2006
(Fig. 3). In the ‘Hillsland natural park’, agri¢utal advisers convinced farmers to install
GBS where muddy floods have routinely damaged raadsouses. Consequently, in 2002,
farmers’ participation rate to AEMs was much higirethe area covered by the park (27%
for GBS; 40% for sowing a cover crop during therdant period) as compared to the mean
rates for the Walloon loess belt (12% for GBS anglec crops). The extension officers
stopped their advice at the end of 2002 and thades’ participation rate in the area covered
by the park subsequently decreased until it reachedmean participation level for the
Walloon loess belt (Fig. 3).

In Flanders, similar AEMs (management of field esjgmowing of cover crops) have
been available to farmers since 1999. The increaee area with cover crops occurred later
than in Wallonia (Fig. 4). Cover crops have notrbeabsidised by the Flemish government
since 2007, since it is considered that it showdplart of standard good environmental
practices. In contrast, the area of cover croppkercreasing in Wallonia, after a slight
decrease in 2004 due to important changes to tHimdveaagri-environmental scheme.

Since January, 2005, a new AEM enables the Wallaoners to install GBS with the
specific objective of erosion mitigation for whichey need an agreement designed by an
expert. This new rule leads to an extra subsidy2®0 h& insteadof € 900 h for standard
GBS). In Flanders, a package of five AEMs aimingeedsion control (dam and retention
pond; direct drilling; grass buffer strips; grassedterway; minimum tillage) exists since
2005. Overall, AEMs for erosion mitigation are monédespread in Wallonia than in
Flanders (Fig. 5). Several explanatory factorskmaput forward. First, in Wallonia, extension
officers visit the fields where erosion probleme abserved and propose to the farmers the
most suitable solution. Second, ‘word of mouth’ @b&EMs is probably more efficient
among the Walloon farmers, their number being ssnahd their capacities to invest larger,

because of the much greater farm size (Table 2).

France

Numerous AEMs are available to French farmerstWwattypes of measures represent

60% of total grants: (i) the subsidies for leastoizred areas and (ii) the subsidies for the

10
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maintenance of extensive breeding systems (PHAHs ‘Rsimes Herbageres Agri-
Environnement’). The last measure is mostly appibeére grassland dominates, which is not
the case in the Upper Rhine nor in the Aisne. BmEe, there are no specific AEMs aimed at
erosion mitigation. Several AEMs exist, but thegndb meet more general objectives (e.qg.
conversion to sustainable farming and integrateddeape management).

The CTEs (‘Contrats Territoriaux d’Exploitation’) ere introduced in 1999. They
were the first tool promoting the multifunctionalle of agriculture in France. They focused
on improving water quality (conversion of croplantb grassland, installation of grass strips,
limited use of fertilisers) and soil quality (plarg of hedges, no-till or reduced tillage). At the
national scale, farms that adopted such AEMs amearttrated in rural and mountainous areas
(Vosges, Alps, Pyrenees, Massif Central; Urbano \éoltet, 2005). CTEs were replaced in
2003 by CADs (‘Contrats d’Agriculture Durable’) vdhi aim to allow the conversion to more
sustainable farming. Farmers can choose to instaposed measures such as new grassland
or planting of hedges. However, the number of fasn@ncerned remains limited (e.g. 99
contracts in 2004 in the Aisne department). Thesiteon period between CTE and CAD
regimes was rather confusing for farmers and médiyean were discouraged.

There is a lack of information about the speciiahcial amounts granted for erosion
mitigation in France. Developing a means of prodggcicentralising and diffusing such

statistics should be a priority for the relevanemages.

England

Under the Single Payment Scheme, farmers havedp lkad in Good Agricultural
and Environmental Condition in order to receiverpagts. As part of this, they have to fill
in a Soil Protection Review. Stewardship schemggsutlined above, can be taken up and for
those a Farm Environmental Record is needed. OQusfigt risk of erosion, they can gain
points by agreeing not keep outdoor pigs, to plaotatoes, sugar beet or maize. Specific
advice on the management of maize is offered (RBE)5). Detailed risk assessment
procedures, and advice on management of spec#ideacrops to avoid erosion and runoff is
given in Defra (2005) and Cuttle et al. (2006).KRassessment includes risk of runoff leaving
fields and damaging surface waters and roads arsdntluddy flooding.

Comparative discussion
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If we focus on AEMs dealing with erosion and runodintrol in the different regions
(Table 3b), a comparison seems to be very diffigiten that AEMs objectives and practical
requirements are completely different. Overall,@am of AEMs by the farmers increases in
Belgium and in France. However, their implementaticelies on individual farmers’
decisions, with the exception of GBS for erosiotigation in Wallonia. At least, rules for the
location of AEMs should be introduced, whatever fihal objective. It is not only important
for erosion mitigation, but also for biodiversityriservation (e.g. Berger et al., 2003).
Actions to increase awareness and to inform thedes at the local scale proved to be
effective (e.g. in the Hillsland Natural Park, Walia). The measures should also be more
targeted. Each year, c. € 2000 millions are sperAlBMs in the EU (European Commission,
2005). However, a very low proportion of this ambisndedicated to erosion mitigation. The
member states should fund specific studies to reakethe measures they support serve their
purpose. AEMs are generally applied to a largeerin rural and mountainous areas, where
they constitute an important part of the farmeng€oime. In contrast, in the very productive
loess regions, most farmers still consider thatoaenintense agricultural use of the soil will
generate higher incomes even over the long ternghadxplains a lower adoption of AEMs
in those areas. Still most off-site impacts of agiture are observed in the intensively farmed
regions.

Even though they generally aim to facilitate themplementation, changes in AEM
schemes and practical requirements can induceudesgement among farmers if they are too
frequent (e.g. transition between CTEs and CADSrance; new Walloon agri-environmental
programme in 2005). A certain stability is needasiwell as support from local agricultural
advisors; this is beginning to happen in Englandugh schemes such as the Catchment
Sensitive Farming Initiative. The links betweenviadrs and the scientific community could

also be improved.

5. Regional mitigation schemes

5.1. Belgium

In 1997, the Flemish government recognised eroa®mn environmental problem,
leading among other consequences to muddy floaddaddpted an ‘erosion decree’ in
December, 2001, allowing municipalities to receiweding to carry out a local plan against

erosion (€ 12.5 hacovered by the plan) and implement erosion comehsures in the field
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(75% of total amount; Verstraeten et al., 2003). BY7, 85% of the municipalities in the
Flemish loess belt had started the process leddititge drawing up of such a scheme. It does
not mean that control measures are being instatieall of these municipalities. In many
cases, the schemes have been drawn but they hblsearoapplied so far. The Flemish Water
Ordinance (‘watertoets’) also imposes the evalmatbthe impact of any new construction
on water issues before the deliverance of planpergission.

In Wallonia, the government decided to tackle tloding problem designing an
integrated scheme called ‘Rainfall Scheme’ (‘Plduig3’ in French) in 2003. In the near
future, similar schemes to the ones proposed indées will be funded by the Walloon
regional authorities. Maps of flood prone arease(tor river flooding and another for local
flooding) are also being drawn and should serva aseful decision tool for regional land use

planning.

5.2. France

In France, several tools are designed at the dapatal scale. The creation of specific
schemes at the departmental level was beneficialhir local implementation. Two main
tools are available: risk prevention schemes (PPRwn de Prévention des Risques’) and
SAGE schemes (‘Schéma d’Aménagement et de Ges@dfEdu’ — ‘Land use and water
management planning schemes’).

PPR schemes have been created to cope with gisks fforest fire, earthquake,
flood). Five maps must be systematically drawn #&ndzlocation, historical evolution,
vulnerability, places that are most at risk, globak). According to these maps, specific
measures can be prescribed: building of protedtistallations, rules for new buildings and,
in extreme cases, expropriation. However, the adomf a PPR does not necessarily lead to
the installation of measures in the field. Furtherey the latter consist most of the time of
protection measures (e.g. dams) and do not press@sion and runoff generation in the
fields.

SAGE schemes aim at water resource planning andageament. This planning
document is designed at the river basin scale thgrdnt regional agencies. Since it has legal
power, the other decisions related to water managemust take the SAGE provisions into
account. This tool has several advantages compgartte flood prevention scheme. First, it
works at the catchment scale. Second, it is amiated tool that not only focuses on runoff
and muddy floods but it also deals with water padln, water protection and fish breeding.
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Stakeholder meetings to increase awareness araisedain the framework of the SAGE
schemes. They are therefore potential measures possible centralisation of competences,
but they remain rather complex to implement. By2081 SAGE schemes had been created
in France, and 101 more schemes are being implechent

The Upper Rhine department also proposes a spatifigrated tool called ‘Gerplan’
to promote landscape multifunctionality and, ifenednt, to control muddy floods. It aims to
define concrete management proposals for the diffelandscape components (cropland,
orchards, riparian zones). Actions are plannedfb® year-period and funding is provided by
the departmental authorities. Planned actions @hanges of farming practices, construction
of retention ponds) are detailed for each fieldatoperational scale (1: 5000). By 2007, 22
local boards grouping several municipalities in BipfRhine had decided to implement
Gerplans, which are drawn up by consultants on Ibedfafarmers’ trade unions and
agriculture local state agencies.

The French government also adopted a law on natigled in 2003 according to
which a commission dealing with such risks hasdacieated in each department (Auzet et
al., 2006). This law implies that during the sale a property, potential owners are
systematically informed of the risks relative te libcation. This measure is not only applied
to natural risks (earthquakes, floods) but alstetdnological risks (e.g. presence of Seveso
factories).

Moreover, a decree of 2005 specifically deals withsion mitigation. The
departmental authorities have the possibility tiinéate erosion prone areas and to draw up a
mitigation scheme. Local stakeholders must meeblijectives prescribed by the authorities

in the scheme within three years.

5.3. England

Initiatives relevant to control of muddy floodingeathe Environmentally Sensitive
Area scheme (established in 1987), which funds éasnto revert arable fields to grassland.
On the South Downs, 5000ha have been entered h@ostheme (SDMP, 2004). In
partnership with other agencies, the Environmenérdy has funded a Landcare scheme
aimed at reducing runoff from farmers’ fields irtkee River Rother around Midhurst (Horsey,
2006). This has now been discontinued. In 2005rdDigfentified 42 catchments in England
and are funding a Catchment Sensitive Farming seH@005-08) to address issues of diffuse

pollution (Defra, 2007). None of the priority cateénts are in the area under consideration;
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some of the 42 have muddy flooding problems sucth@d.ugg in Herefordshire (Walker,
2007). Defra have also published a First Soil éwtPlan for England (Defra, 2006); and
most usefully a guide to controlling soil erosi@efra, 2007). There are several over-lapping

and non-coordinated schemes some of which are dufode short time.

5.4. Diagnosis: spatial mismatch

Multiplicity of state agencies and splitting-up tbie initiatives is apparent (Table 4).
Based on the stakeholders involved and the maifs tawailable for erosion and flood
mitigation, two main types of measures can be pdiout:

() AEMs that are directly installed by farmers, tbthe objective and the practical
requirements of which are defined by national (Eeaand England) or regional (Belgium)
authorities;

(i) Specific schemes at the municipal scale (flois#t prevention schemes in France; erosion
mitigation scheme in Flanders) or at the river bhasiale (SAGE schemes in France). The
latter do not exist at present in Wallonia but #ipge@&EMs for erosion mitigation requiring
an expert’s approval are proposed.

Overall, there is a spatial mismatch between, @ dhe hand, the scale at which
muddy floods are triggered (small catchment scahe), on the other hand, the scale at which
farmers (farm-scale) and public authorities (mypadty- or region scale) can operate. This is
mainly true in small Belgian municipalities as wa#l in France. In England neither County
Councils nor District Councils have any respongipilor flood protection either with regard
to rivers or muddy floods from agricultural land.

In Flanders, the Melsterbeek Water Board (264 ken§rouping of five municipalities
as well as the local water agency, is the only areere erosion and flood control measures
are installed in the framework of a catchment-irdégp approach. Even though the EU Water
Framework Directive requires that countries semgmagement plans at the river basin scale
by December 2009, the French government has ratfemuraged the creation of municipal-
scale risk prevention schemes since 2000. Fivesyéater, it has been updated with
significant financial investment to 5000 schemes.such a context, prevention schemes
aimed at mitigating risk, largely dominate. The aabage is that creating one tool for all
types of risks facilitates collective actions. Inugy the trend by strengthening catchment
agencies which should be better known to the pdipulaand the authorities is the major

challenge for the future. It presupposes that mpaities learn to work together. The
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municipalities of central Belgium also have to take the challenge. In twenty hotspot

municipalities of central Belgium that were studiedletail (Evrard et al., 2007a), the runoff

generation area and the flooded zone were locatdiferent municipalities in 62 cases (17%

of flooded areas). Of these 62 areas, an impop@rtof the drainage basin was located in the
other Belgian region (24% of the cases), or eveanather country in six cases (10%). A

similar situation is observed in the Upper Rhinpatement where 20% of muddy floods are

generated in a municipality and affect anotheag#l located downstream.

In England also, the Catchment Sensitive Farmin§H)Cscheme concentrates on
perceived hotspots of risk to rivers and targetshtaents which have nature conservation
value where sediments or nutrients are a threa.stheme however is voluntary and farmers
can opt-in or out. Grants are available for capitatks and the CSF officer provides advice
on prevention of erosion and runoff to the farm@&tse scheme is funded for two years and is
at present under review. Many bodies are puttinghersis on the Environmental Stewardship
scheme since most farmers are expected to opt-omder to receive payments. Potentially,
though the options are very limited (buffer strgggl land use change), the scheme may have
a positive impact. Unknown factors are whethereheill be rigorous policing of measures
and their effectiveness, and if the monetary ingestwill be sufficient to attract growers of
high-value crops (e.g. maize, potatoes and sugg) ba high erosion risk land. However, if
there are muddy floods from a farmer’s land heas complying with GAEC conditions of
the Single Payment Scheme, which may make it etsienforce the regulations providing

such floods are reported. This is a matter of etlugahe general public.

6. L ocal measures against muddy floods

6.1. Measures taken by the municipalities

In Flanders, the municipalities frequently affecby muddy floods or severe erosion
can decide to implement a municipal mitigation sobeThis is not the case in the other
regions, but similar tools will soon be availalde érosion prone areas in France and
Wallonia. Following a visit to frequently floodeddNoon municipalities (n=12; Evrard et al.,
2007a), two main observations could be made: 1)dnfidods are considered a major
problem for the population in 42% of the casestheg got worse during the last decade
according to 83% of the local authorities; 2) thisrao integrated flood management in 83%
of the cases. Furthermore, in 83% of the munidijesli the only actions considered are
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modifications to the sewage system or construcatfaetention ponds. The construction of a
retention pond is very expensive (mean cost of EE® (Verstraeten and Poesen, 1999), and
does not prevent runoff generation. Still the lcaathorities consider that rainfall intensity is
the most influential natural factor and frequermiyote large-scale potato and maize crops as
important human factors triggering muddy floodsrt&@e municipalities therefore decided to
tackle the problem. For instance, a Walloon muiailtiy confronted with 37 areas affected by
muddy floods grants specific subsidies to locaikns for the installation of GBS in flood
prone areas. In the Walloon Brabant province, themR-oundation of Wallonia organises
municipal commissions (‘commissions agricoles comates’) where local authorities,
farmers and inhabitants can discuss specific nsasigch as erosion mitigation. Finally,
certain river management committees (‘contrateras’) intend to inform and increase
awareness of erosion among the population andatheefs. They can help solving problems
in individual cases.

French local authorities (e.g. in the Upper Rhias subjected to pressure from the
population to instigate control measures. They eqpropriate agricultural fields to install
them. Even though they are aware of the implicatioat floods may be triggered by
inappropriate land use planning, pressure is somestitoo important. In some cases, the
mayors demand a concerted implementation of mesgurthe catchment scale, implicating
their counterparts in upstream villages (Heitz, 20Qocal urban schemes (PLUs or ‘Plans
Locaux d’Urbanisme’) take risk areas into accoanti¢fine land approved for development.
They are the only official document of land usenplag available at the local scale in France.
They are drawn up on behalf of the municipal autiesr but also approved by departmental
and regional authorities.

In England local authorities have no statutory oesbility to protect people from
muddy flooding as the first case of its kind madéeyclear (Stammers and Boardman, 1984).
In practice, whenever people and their propertresdamaged by flooding, they appeal to
their political representatives and they put pressun local councils. Councils therefore have
often acted as organisers of emergency defenceunesasuch as ditches, dams and pipes.
Councils have attempted to organise protection twager time periods but have been less
successful and have been reluctant to commit ressuo this process. Evans and Boardman
(2003) describe repeated flooding of houses inSiiapting catchment on the South Downs
and the political process in achieving succesgadh limited land use change driven by Set
Aside regulations led to control of flooding. Higay authorities also have power under the

Highways Act (1980) to control runoff from fieldssat reaches roads. This has only been used
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in the Isle of Wight (Boardman, 1994). In excep#brtases, where local councils own
agricultural land, they have instituted either lars® change or the building of dams in order
to protect communities from flooding (Boardman ket a003). In areas such as the South
Downs where flooding does not occur every yearnothe same place perhaps for many
years, there is a problem of lack of institutiomemory within local councils in that they deal
with muddy flood problems occasionally. No coundisve specialists to deal with erosion
and runoff problems but generally rely on all-puspe@ngineers. There is also the temptation
to believe that measures put in place at one tirlesalve the problem without constant
maintenance (e.g. ditch clearance). Finally, thereo co-ordinating body to bring together

the experience of local councils.

6.2. Measures taken by farmers

Numerous farmers feel responsible for erosion Eee® (e.g. Bielders et al., 2003). A
couple of them have decided on their own initiagite alleviate muddy floods. In the Aisne
department, the ‘erosion task force’ can proposeitistallation of several measures (e.g.
GBS, dams and buffer ditches) in their fields. M, in the Aisne, several farmers sow
alternate strips of maize and wheat to limit rungéneration and concentration. In the
Belgian Melsterbeek catchment, farmers similarlgidied to implement double sowing in the
thalweg of their fields (Gyssels et al., 2002). iBe South Downs, southern England, several
farmers have built retention dams to protect tbain or others property from muddy floods.
These have usually been built as an emergencynsspo flooding. In some cases they have
failed. Changes in land use or farming practicedlly attributable to the risk of muddy
flooding are difficult to confirm (but see Evansdamoardman, 2003). Direct drilling
(minimal cultivation) is rare but is being useddne farmer to reduce the risk of flooding his
neighbour. Another example of a farmer’s individaations to mitigate erosion in England is
described by Evans (2006).

Consultation between several farmers of the samaaipality is also possible. They
can decide to coordinate the location of the déifiércrops to limit runoff generation at the
catchment scale (Joannon et al., 2006). Certainampafities in the Upper Rhine department
(e.g. Morschwiller-le-Bas) have organised such gtiason. However, these initiatives
remain very local (Christen and Wintz, 2006). Thaportance of this consultation
phenomenon is impossible to quantify, but it sesémnise more widespread in France than in

Belgium, given the much larger mean size of thenémefarms (Table 2). Furthermore, in
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Belgium, many farmers are reluctant to discusMeny of them have commitments with
agro-food companies to produce crops (e.g. carp#as). It becomes difficult to combine
their different commitments with the consultatidoat crop location at the catchment scale.

In France, the Supreme Court of Appeal has persapsa precedent for conflicts
between farmers due to erosion. A fish breeder elhasins were damaged by runoff loaded
with sediments instituted proceedings against #@mmér cultivating the upstream slope. The
Supreme Court quashed a sentence stipulating timatffrand erosion were due to heavy
rainfall. The Supreme Court argued that the farmdtivating the upstream fields was
responsible for the damage induced to the downstfesdn breeding basins.

In England, there is some history of legal attentptprotect properties from runoff
from agricultural land and to sue those responsibiethe damage for negligence. Legal
advice in several cases suggests that to be sfucaessust be shown that the farmer was
aware of the risk to his neighbour e.g by previflaeding; that the rainfall event was not
‘exceptional’; that farming practices including thmuse decisions were the cause of the
flooding; that no measures were taken to proteetnéighbour (Boardman, 2003). Out-of-
court settlements in the Breaky Bottom floodingidlenits show that these criteria can be met
in some cases. In future the threat of legal aatiay act as a deterrent at sites with a history
of previous flooding.

7. Conclusions

Muddy floods are a frequent and widespread phenoménthe European loess belt.
However, there is no standard database recordiesetievents and data on damage costs
remain rare or limited to certain municipalities.cAmparison of flood frequency between
different European regions is not easy, since awtnative units do not correspond to
homogeneous natural regions. Over the last detlaeles has been a raising of consciousness
among all the stakeholders involved in muddy floesghagement. Huge costs induced by the
floods in numerous villages help justify the ramdtallation of control measures. However,
people and farmers remain insufficiently informetl tbe processes involved and the
mitigation tools available. French investigationsowed that the affected populations
particularly appreciate the construction of ret@mgponds, considering that they protect them
efficiently. Consultation between stakeholderthatlocal scale should be encouraged, e.g. in
the framework of municipal agricultural commissioRarmers are often overwhelmed with

administrative tasks. Thanks to local coordinatdrslp, the adoption of AEMs aiming at
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erosion mitigation is more successful. The creawdnan integrated scheme to mitigate
erosion and muddy floods is now considered in B# studied regions. Furthermore,
concerted actions between municipalities must beriarity, given that the limits of
municipalities do not coincide with hydrologicalits A solution to the observed ‘spatial
mismatch’ would be to enhance existing structunes are efficient (Belgian water agencies
and natural parks, French SAGE schemes, Englisth@ent Sensitive Farming schemes) or
to widen the application field of existing toolsgeflood prevention schemes at the catchment
scale). Catchment agencies concentrating legalira@maental and financial competences
(like the water boards in the Netherlands) coulsoahelp control floods and erosion.
Individual measures (AEMS) installed by farmersafan expert’'s approval could also be
stimulated. Alternatively, rules for an optimal &on of AEMs should be imposed.
Furthermore, the effectiveness of the current AEMguld be assessed. A comparison of the
tools available in different countries to combatston and muddy floods should be carried
out to see whether they serve their purpose. Milddg management can either focus on soil
and water conservation or on property protectioonflicts of viewpoints can arise and
influence the type of measures that will finally meplemented. Farmers’ conversion to
alternative farming practices limiting runoff anbsion production in the fields must also be
progressively encouraged to complete the ‘pall@atiapproach currently pursued and

assessed in pilot areas. This could be achievedghrthe creation of new specific AEMs.

Acknowledgements

The authors want to thank the following administnas for providing data : Vlaamse
Overheid — Departement Leefmilieu, Natuur en Erergi Afdeling Land en

Bodembescherming; Ministére de la Région Wallonmrection Générale de I'’Agriculture;
Groupe Interuniversitaire de Recherches en Ecolégigliquée (GIREA) at the Université
catholiqgue de Louvain and especially Alain Le Raéitambre d’Agriculture de Laon; Mission
Erosion de I'Aisne. This is the LSCE contributichX

References

Auzet AV, Boiffin J, Papy F, Maucorps J, Ouvry IJR90. An approach to the assessment of
erosion forms, erosion risks on agricultural lamdthe Northern Paris Basin, France. In
Boardman J, Dearing J, Foster | (EdS9il erosion on agricultural landWiley: Chichester;
384-400.

20

http://mc.manuscriptcentral.com/ldd



Page 21 of 35 Land Degradation & Development

©CoO~NOUITA,WNPE

686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718

Auzet AV, Le Bissonnais Y, Souchere V. 2006. FraneeBoardman J, Poesen J (Ed3)il
erosion in Europ. Wiley: Chichester; 69-383.

Berger G, Pfeffer H, Kachele H, Andreas S, Hoffmahn2003. Nature protection in
agricultural landscapes by setting aside unprodeicireas and ecotones with arable fields

(“Infield Nature Protection Spots”Journal for Nature Conservatioll: 221-233.

Bielders CL, Ramelot C, Persoons E. 2003. Farmerep&on of runoff and erosion and
extent of flooding in the silt-loam belt of the B&ln Walloon RegionEnvironmental Science
& Policy 6: 85 — 93.

Boardman J. 1988. Severe erosion on agricultunal ia East Sussex, UK October 1980oil
Technologyl: 333-348.

Boardman J. 1994. Property damage by run-off fraricaltural land.Town & Country
Planning63(9): 249-251.

Boardman J. 1993illslopes: slope erosion and mudflowls DoE, The Occurrence and

Significance of Erosion, Deposition and Flooding3reat Britain HMSO: London; 37-49.

Boardman J. 2000. The problem of muddy flodgistal Property BulletifNov/Dec 2000; 26-
27.

Boardman J. 2001. Storms, floods and soil erosiothe South Downs, East Sussex, autumn
and winter 2000-01Geographyg6 (4): 346-355.

Boardman J. 2003. Soil erosion and flooding ongastern South Downs, southern England,
1976-2001Transactions Institute British Geograph&®2): 176-196.

Boardman J, Ligneau L, De Roo A, Vandaele K. 13doding of property by runoff from
agricultural land in northwestern EurofigzeomorphologylO: 183-196.

21

http://mc.manuscriptcentral.com/ldd



©CoO~NOUITA,WNPE

719
720
721
122
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752

Land Degradation & Development Page 22 of 35

Boardman J, Evans R, Ford J. 2003. Muddy floodshenSouth Downs, southern England:
problem and responsdsnvironmental Science & Polid; 69-83.

Boardman J, Verstraeten G, Bielders C. 2006. Mdtinhds. In Boardman J, Poesen J (Eds).
Soil erosion in EuropéWiley: Chichester; 743-755.

Caruso G. 2002. La diversité des formes de pémishdon en Europe. (In French). In

Perrier-Cornet, Ph. (EdRepenser les campagné&slitions de I’Aube — Datar : Paris.

Christen G, Wintz M. 2006. Approche sociologiques deulées de boue d'origine agricole.
Des stratégies individuelles au risque collectdé cas de Morschwiller. (In French). COST
634 workshop on ‘Socio-economic aspects in the g@mant of soil erosion’, Strasbourg 7-8
April 2006.

Cuttle SP, Macleod CJA, Chadwick DR, ScholefieldHaygarth PM, Newell-Price P, Harris
D, Shepherd MA, Chambers BJ, Humphrey R. 2006.nr&entory of methods to control
diffuse water pollution from agriculture (DWPA):ersmanual. Defra project ES0203,
Department for Environment, Food and Rural Affairsndon.

Defra. 2005. Controlling Soil Erosion: a manual the assessment and management of
agricultural land at risk of water erosion in lomth England. Revised September 2005,
Department for Environment, Food and Rural Affairsndon.

Defra. 2006. The First Soil Action Plan for Englan@004-2006. Department for

Environment, Food and Rural Affairs: London.

Defra. 2007. The Protection of Waters Against Raiufrom Agriculture: Consultation on
Diffuse Sources in England, August 2007, DepartnfentEnvironment, Food and Rural

Affairs: London.

European Commission, Directorate-General for Adtuca. 2005. Agri-environment
measures. Overview on general principles, typesneasures and application. European
Commission, Brussels.

http://ec.europa.eu/agriculture/publi/reports/aniecp en.pdf

22

http://mc.manuscriptcentral.com/ldd



Page 23 of 35 Land Degradation & Development

©CoO~NOUITA,WNPE

753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786

Evans R. 1996Soil Erosion and its Impacts in England and Wakgends of the Earth Trust:

London.

Evans R, Boardman J. 2003. Curtailment of muddgd$oin the Sompting catchment, South
Downs, West Sussex, southern Englé®wmil Use & Managemeni: 223-231.

Evans R. 2004. Outdoor pigs and flooding: an Ehgtiase studySoil Use & Management
20: 178-181.

Evans R. 2006. Curtailing water erosion of cultecatand: an example from North Norfolk,

eastern Englandtarth Surface Processes & LandforBis 598-605.

Evrard O, Bielders C, Vandaele K, van Wesemael(B72. Spatial and temporal variation of
muddy floods in central Belgium, off-site impactsdgpotential control measuregsatena7o:
443-454.

Evrard O, Persoons E, Vandaele K, van Wesemael0B7I2 Effectiveness of erosion
mitigation measures to prevent muddy floods: A casely in the Belgian loam belt.

Agriculture Ecosystems & Environmetii8: 149-158.

Evrard O, Vandaele K, Bielders CL, van Wesemad&@®8. Seasonal evolution of runoff
generation on agricultural land in the Belgian bslt and implications for muddy flood
triggering.Earth Surface Processes & LandforB8%8): 1285-1301.

Fullen MA, Arnalds A, Bazzoffi P, Booth CA, CastilV, Kertész A, Martin P, Ritsema C,
Solé Benet A, Souchére V, Vandekerckhove L, Veettra G. 2006. Government and
Agency Response to Soil Erosion Risk in EuropeBoardman J., Poesen J. (EdShyil
erosion in EuropeWiley: Chichester; 805-827.

Gyssels G, Poesen J, Nachtergaele J, Govers G. ZB82mpact of sowing density of small
grains on rill and ephemeral gully erosion in coricged flow zonesSoil & Tillage
Researclé4 (3-4): 189-201.

23

http://mc.manuscriptcentral.com/ldd



©CoO~NOUITA,WNPE

787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819

Land Degradation & Development Page 24 of 35

Heitz C. 2005. Etude de la perception du risquealastrophes naturelles relatif aux coulées
de boue par les acteurs de communes périurbaimgmoghe méthodologique et analyse
d'enquétes. (Sundgau - Alsace). (In French). Ungluddl DEA dissertation, University Louis
Pasteur - LIV, Strasbourg.

Heitz C, Glatron S, Spaeter S, Auzet AV. 2009. Lastakeholders’ perception of muddy
flood risk and implications for management appreascha case study in Alsace (France).
Land Use & Policy26(2): 443-451.

Horsey S. 2006. Case Studies Aimed at ReducingugafWater Pollution from Agriculture
in England. Department for Environment, Food andaRAffairs, Water Quality Division:

London.

Joannon A, Souchére V, Martin P, Papy F. 2006. Biaduunoff by managing crop location
at the catchment level, considering agronomic caimds at farm levelLand Degradation &
Development7(5): 467-478.

Le Bissonnais Y, Montier C, Jamagne M, DaroussiKidg D. 2002. Mapping erosion risk
for cultivated soil in France&Catenad6 (2-3): 207-220.

Ludwig B, Boiffin J, Chadoeuf J, Auzet AV. 1995. éhiplogical structure and erosion
damage caused by concentrated flow in cultivatéchoaents Catena2bs: 227-252.

Ritson C, Harvey DR (Ed.). 1997mhe Common Agricultural PolicyCab International:
Wallingford.

Robinson DA, Blackman JD.1990. Some costs and guesees of soil erosion and flooding
around Brighton and Hove, autumn 1987. In Boardthdroster IDL, Dearing JA (EdsSoil
Erosion on Agricultural LandWiley: Chichester; 369-382.

RDS. 2005Entry Level Stewardship Handbook, Rural Developnamvice Department for

Environment, Food and Rural Affairs: London.

24

http://mc.manuscriptcentral.com/ldd



Page 25 of 35 Land Degradation & Development

©CoO~NOUITA,WNPE

820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852

SDMP. 2004. Interim South Downs Management Plan, March 20&buth Downs
Conservation Board, Ford: Sussex.

Souchere V, King D, Daroussin J, Papy F, Capillan1898. Effects of tillage on runoff
direction: consequences on runoff contributing avethin agricultural catchmentdournal of
Hydrology206: 256—267.

Souchere V, King C, Dubreuil N, Lecomte-Morel V, Bissonnais Y, Chalat M. 2003.
Grassland and crop trends: role of the Europearmr@ommon Agricultural Policy and
consequences for runoff and soil erosi@mvironmental Science & Poli& 7 — 16.

SPF (Federal Public Service) Economy, 2005. DirateeGeneral Statistics Belgium.
http://www.statbel.fgov.be/

Stammers R, Boardman J. 1984. Soil erosion andlifigoon downland area¥he Surveyor
164: 8-11.

Takken |, Govers G, Steegen A. 2001. The predicabmunoff flow directions on tilled
fields. Journal of Hydrology248: 1-13.

Urbano G, Vollet D. 2005. L’évolution du Contrat ritorial d’Exploitation. (In French).
Notes et Etudes Economiqugs: 69-110.

Vandaele K, Poesen J. 1995. Spatial and temporaérpa of soil erosion rates in an

agricultural catchment, central Belgiu@atena25: 213-226.

Van Dijk P, Auzet AV, Lemmel M. 2005. Rapid assessmof field erosion and sediment
transport pathways in cultivated catchments afteavly rainfall eventsEarth Surface
Processes & Landforn®0: 169-182.

Verstraeten G, Poesen J. 1999. The nature of swak flooding, muddy floods and
retention pond sedimentation in central Belgi@eomorphology9: 275-292.

25

http://mc.manuscriptcentral.com/ldd



©CoO~NOUITA,WNPE

853
854
855
856
857
858
859
860
861
862
863

Land Degradation & Development Page 26 of 35

Verstraeten G, Van Oost K, Van Rompaey A, Poes&oyers G. 2001ntegraal land- en
waterbeheer in landelijke gebieden met het oog ep Beperken van bodemverlies en
modderoverlast (proefproject gemeente Gingeldiin) Dutch). Laboratory for Experimental

Geomorphology, K.U. Leuven. Ministerie van de VlagnGGemeenschap, Afdeling Land.

Verstraeten G, Poesen J, Govers G, Gilljns K, \Rmmpaey A, Van Oost K. 2003.
Integrating science, policy and farmers to redwiklgss and sediment delivery in Flanders,

Belgium.Environmental Science & Poli&; 95-103.

Walker E. 2007. Soil Erosion and Defra’'s Catchm@&ensitive Farming Programme — a

Herefordshire case study. MSc thesis, Environmedit@nge Institute, University of Oxford.

26

http://mc.manuscriptcentral.com/ldd



Page 27 of 35 Land Degradation & Development

©CoO~NOUITA,WNPE

Fig. 1. Location of the studied regions in England, France and Belgium.
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Fig. 2. Mean monthly rainfall distribution in central Belgium, northern France and southern

England.
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Figure 3. Evolution (1998-2006) of farmers’ participation rate to two AEMs (GBS — Grassed
Buffer Strips; cover crops during the dormant period) in the Walloon loess belt (WLB) and
the Hillsland natural park (HNP), Belgium. Data available from the MRW-DGA and the
GIREA (2006).
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Fig. 4. Evolution of AEM adoption between 1998 and 2006 in Belgium (Flemish data from
the VLM; Walloon data from the MRW-DGA and the GIREA).
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Fig. 5. Area covered by specific AEMs for erosion mitigation by the end of 2006 in the
municipalities of central Belgium (m? AEM per ha of cropland). Flemish data from the Vlaamse

Land Maatschappij (VLM); Walloon data from the Ministere de la Région Wallonne — Direction
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Générale de I’ Agriculture (MRW-DGA) and the Groupe Interuniversitaire de Recherche en
10 Ecologie Appliquée (GIREA) .
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Table 1. Physical characteristics of the studied regions.

Characteristic Flanders Wallonia Aisne Upper Rhine South Downs

Total area (km?) 4017 4850 7420 3525 1641 (*)

Altitude range (m) 5-150 20 - 200 35-280 240 - 500 0-200

Mean temperature (°C) 9-10 9- 10 9-10 c. 10 10-11

Precipitation range (mm) 750 - 850 750 -850  ¢.700 c. 720 750-1000

Soil type Luvisols Luvisols Luvisols Luvisols Luvisols and Rendzinas
% of cropland 18 24 60 29 50

9% of grassland 11 14 12 9 30

(*)Area of proposed South Downs National Park, which includes area around Midhurst, West Sussex.
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Table 2. Demographic characteristics of the studied regions.

Land Degradation & Development

Characteristics Flanders * Wallonia Aisne Upper Rhine  South Downs
Number of municipalities 100 104 816 377 15°
Mean municipal area (km?) 40 47 9 9.3 n/a

% of municipalities affected by muddy floods 90 67 Atleast 51 41 n/a
Population density (2005) 499 368 73 201 70
Evolution of population density (1996-2005) + 3% +5.20% -0.04%  +0.59% n/a
Mean farm size (ha) 19°¢ 38 ¢ 88 50 45'

* Flemish municipalities located in the Belgian loess belt (n=100).

® Walloon municipalities located in the Belgian loess belt (n=104).

¢ Mean farm size of the ‘sandy loam’ region (SPF Economy, 2005).

¢ Mean farm size of the ‘loamy’ region (SPF Economy, 2005).

¢ 3 County Councils, 1 Unitary Authority, 11 Borough and District Councils.
 East Sussex: 40ha, West Sussex 50 ha in 2003.

n/a: not available.
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Table 3. Comparison of CAP-derived measures to control muddy floods in Belgium, England and France.

(a) Cross-compliance — Obligatory measures

Country Location of measures Examples
Belgium Fields with slope higher than 10% (Wallonia) GBS / no row crop planting
High erosion score according to a RUSLE- AEMs / alternative farming techniques
derived model (Flanders)
England Points target related to farm size Range of options (e.g. GBS)
(Single Payment and Environmental Stewardship schemes)
France Min. 3% of total surface of the farm Cover crops / GBS
(b) AEMs — Voluntary measures
Country AEM types Remarks
Belgium GBS / cover crops (Wallonia)
GBS for erosion mitigation (Wallonia) Needs an expert’s approval
GBS / dams / alternatives farming techniques (Flanders)
England Environmental Stewardship Scheme — Higher Level Environmental record map
Measures associated with points
France Contrat d’ Agriculture Durable (CAD) e.g. grassland, planting of hedges
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Table 4. Comparison of available regional measures (a) to control muddy floods and (b) to take muddy flood problems into account in land use
planning.

Country (a) Measures to control muddy floods Associated scale

©CoO~NOUITA,WNPE

Belgium Erosion mitigation scheme (Flanders, 2001) Municipality
10 Plan Pluies (Wallonia, 2007) Delineated area within a municipality

13 England Catchment Sentitive Farming Scheme (2005) Catchment
15 France SAGE — Water Management Planning Scheme (1992) River basin

16 PPR - Flood Risk Prevention Scheme (1995) Municipality
Gerplan (2000) Groups of municipalities

21 (b) Land-use planning tools Associated scale

Belgium Water Ordinance (Flanders, 2003) Municipality
o5 Plan Pluies (Wallonia, 2007) Walloon Region

27 England Highways Act (1980) Fields draining to highways

France PLU - Local Urban Schemes Municipality
Law on natural risks (2003) Delineated erosion risk areas
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