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�Effects of soil surface management on erosion during extreme rainfall events in semiarid agricultural lands (Central Spain)

S. De Alba 1 and G. Benito 2

1 CNR-IGES, Institute for Sol Genesis and Ecology, Piazzale delle Cascine 15, 50144 Firenze, Italy�2 CSIC-CCMA, Centro de Ciencias Medioambientales, Serrano 115 dpdo, 28006 Madrid, Spain

This paper is focused on the erosive effects of high intensity rainfall events in agricultural lands, giving a special attention to the influence of soil surface characteristics (vegetation cover and orientated roughness) on rill and ephemeral gully erosion processes.

In the study area, the climate is semiarid continental Mediterranean with an average annual precipitation around 450 mm. The region’s geology is mainly characterised by non-consolidated Miocene arcosic materials. The area has low relief and gentle slopes, generally less than 20%. The predominant soils are Haplic Luvisols (FAO, 1989) with an upper Ocric horizon of sandy-loam texture. The main land use is dryland crops, mainly cereal, sunflower, vineyard and olive.

The erosive effects of a single storm event on August 1995 were studied. The total precipitation recorded in 45 minutes was 70 mm and the average rainfall intensity was 93 mm/h. In order to evaluate the erosion effects a field survey was carried to identify and characterise erosion field features. Field features of severity soil loss were observed on agricultural fields where the soil was under conventional fallow conditions, i.e. soil surfaces ploughed and without any vegetation cover. In flat areas, features of intense erosion by splash and overland flow (e.g. splash pedestals, superficial concentration of stones and resistant soil clods) were presented; while in fields of slope gradient higher than 3% abundant features of extreme soil loss due to rill and ephemeral gully erosion were observed.

Rills and ephemeral channels networks were mapped in detail in five agricultural fields of average slope gradients ranging between 3.5 and 17.0%. At each field, in order to quantified the amount of soil loss, channel cross-sections along parallel transects were measured and the average volume of soil loss was estimated. Average soil losses per unit area were calculated using the volumes of soil loss together with the soil bulk density and the total area drained by each channel network. Nevertheless the soil loss values correspond to minimum values because inter-rill erosion could not be estimated using the available field data.

In the studied fields, the channel sections reached maximum values of more than 2 m in width and 0.5 m in depth. The highest soil loss was over 750 t/ha and the average soil loss for the five fields was 351 t/ha. The maximum values of soil loss were recorder in fields where the tillage furrows were orientated along a direction parallel to the contour lines (fields with contouring tillage) and the minimum values were recorder in fields where tillage furrows were orientated along the direction of maximum slope gradient. The results show that the oriented roughness on the soil surface due to plough, i.e. direction of tillage furrows, plays a important role on the overland-flow concentration process and consequently on the final overland-flow erosive capacity. At the same time, the results suggest the existence of a threshold value of rainfall intensity at which the contouring tillage could be a negative  practice to reduce water erosion, on the contrary this practice could significantly increase the soil losses. 

Keywords:	water erosion, extreme storms, semiarid, land management, fallow, contouring tillage, roughness

�Predicting infiltration rates by classifying soil surface features�in a Mediterranean wine-growing area

P. Andrieux 1, A. Hatier 1, J. Asseline 2, G. de Noni 3, M. Voltz 1

patrick.andrieux@ensam.inra.fr	tel. +33 (0)4 99 61 23 09, fax +33 (0)4 67 63 26 14

1 INRA-ENSA.M, UMR Sol et Environnement, 2 place Pierre Viala, 34060 Montpellier cedex 02�2 IRD, UR Ambre, 911 Avenue Agropolis, BP 5045, 34032 Montpellier Cedex 01�3 IRD, 911 Avenue Agropolis, BP 5045, 34032 Montpellier Cedex 01

The Mediterranean environment is known for intense flooding and erosion phenomena. caused by heavy downpours. Studies conducted in semiarid and arid areas indicated that the runoff generation mechanisms in these areas correspond mainly to infiltration-excess overland flow, which is caused by large rainfall intensities but also by unfavourable soil surface features. In this respect, the intensification of agricultural management practices that is observed in the wine-growing area of south-France, has led since ten years to a large variability of soil surface features. The purpose of this paper is i) to show the diversity of soil surface features that can result from the succession of agricultural practices, ii) to define relevant field criteria for classifying soil surface features according to their infiltration characteristics.

The description of soil surface features was based on criteria that can be observed at the field scale: surface seal, roughness, percentage of grass cover, crop residues, stones and structure of topsoil (0-10 cm). For each observed soil surface feature, steady state infiltration rate was measured using a rainfall simulator on a m˛ scale. Analysis of variance was used to seek which field criteria enable to explain the most of the spatial variation of the infiltration rates. The results showed that more than 50 % of the total variance of observed infiltration rates can be explained by a few criteria, which lead to propose a general classification approach of soil surface features in Mediterranean vineyards. Since the established classification procedure is based on simple field observations, it provides a fast mapping procedure of the variation of soil infiltration at the catchment scale for hydrological modelling purpose.

Keywords :	field scale, catchment, infiltration, agricultural practices, soil surface feature, rainfall simulator.

�A Radarsat-1 based multi-angular approach to separate�and map moisture and surface roughness components�of the radar signal backscattered by bare soils

Jočl Angles, Mahmod Reza Sahebi and Ferdinand Bonn

Centre d’applications et de recherches en télédétection (CARTEL)�Université de Sherbrooke, Sherbrooke, Québec, Canada J1K 2R1�Tel: +1 819 821 8000 ext 2964; Fax: +1 819 821 7944�fbonn @courner. usherb. ca

Soil surface roughness and moisture content are both positively correlated with microwave backscatter intensity. However, their influence on surface runoff works in opposite directions, rough and dry surfaces having less runoff and more infiltration than wet and smooth sous. Therefore, it is important to be able to separate moisture from roughness over bare sous, if an information useful for hydrological and erosion modelling is to be derived from satellite imagery. This work evaluates the potential of a multi angular approach to derive moisture and roughness from SAR data. It is based on a modification of a semi-empirical model initially developed for multi-polarization imagery in order to adapt it for multi-angular single polarization data such as those of RADARSAT-1.

The modified model and its limits of validity are presented for an agricultural area. Soil moisture and soil surface roughness maps of a sub-catchment close to Montreal (Canada) have been produced by using the new model and RADARSAT-1 imagery taken in the S1, S3 and S7 modes acquired at short intervals in November 1999. The validation of the model is based on a field campaign where roughness and moisture have been measured in about 40 fieids in the basin. The 53 and 57 combination gives the best results for the separation of moisture and roughness components in the area and is also in agreement with the physical limits of the model. The pointability and flexibility of RADARSAT i makes it possible to acquire these combinations from the same side on the same sites within a 2 day interval, allowing only small changes in moisture and roughness between the data acquisitions if it does not rain between them.

�Topsoil characteristics and runoff generation�on three vertisols of Ghana

B.O. Antwi 1 and Van Tei 2

1 Soil and Water Management Division, Soil Research Institute, Council for Scientific and Industrial Research(CSIR), Academy Post Office, Kwadaso, Kumasi, Ghana. Soils@africaonline.com.gh�2 Impregillo Rechii,  Volta River Authority, Akuse, Ghana.

The vertisols of the Lower Volta Basin have variable behaviour. They shrink, and crack when dry, swell and become sticky with low saturated hydraulic conductivity when wet. This may arise from the varying amounts of their clay mineralogy and their response to moisture. The topsoil characteristics that influence runoff generation and use of three soil series: Amo (Vertic Cambisol), Akuse(Eutric Vertisol), Bumbi (Eutric Vertisol) was studied.  The investigations include internal soil moisture distribution, voids, saturation, drainage, potential expansivity, and moisture contents at varying compaction. Rates. Surface and subsoil moisture distributions were determined gravimetrically by sampling over 8 – 14 days without any rain after saturation by continuous rains. Double ring infiltrometers were used for infiltration tests and auger hole method for hydraulic conductivity studies. Mechanical analysis was carried out by the pipette method. This was supported by X-ray analysis to determine the predominant clay minerals that tend to influence shrinkage and swelling properties of the soils.  The moisture distribution within the soil indicated that clay mineral affinity for water within the top 1.0m influenced runoff generation: Amo(25 – 35%), Akuse(35 – 45%), Bumbi(40 – 55%). Internal drainage is better in the Vertic Cambisol than the Eutric Vertisols.  A plot of plasticity index against % clay on Sempton’s activity chart indicates that Amo is a low expansive soil while Akuse and Bumbi are high expansive soils. The paper assesses moisture contents at maximum compaction, swelling tests, liquid, plastic, and shrinkage limits, soil surface changes induced by dry and wet seasons as they affect runoff generation.  An insight into topsoil management options of vertisols is explained.

�Soil surface configuration:�its effects on soil erosion, rainwater infiltration and runoff.

B.O. Antwi,

Soil and Water Management Division, Soil Research Institute, Council for Scientific and Industrial Research(CSIR), Academy Post Office, Kwadaso, Kumasi, Ghana. Tel. 00233-51-50354/50353, Residence.  0233-51-29683, Soils@africaonline.com.gh

Tillage in annual cropping systems in Africa consists of seedbed preparations. The rapid increase in human and livestock population has forced many farmers to use the same plots continuously. This has been achieved by modifying soil surface configurations jointly with agronomic practices. Long-term studies of soil surface configurations and traditional agronomic practices on rainwater infiltration, soil erosion and runoff generation has been carried out in various ecological zones of Ghana on runoff plots. The results show that for any particular slope and rainfall regime, soil surface configurations during seedbed preparations are the dominant factors controlling runoff generation, especially during the first six weeks of cropping. The paper describes rainwater infiltration, runoff and soil loss on bare plots, tied ridges, ridge-furrow-systems, plough plant systems, mulched plots and the influence of agronomic practices such as fallows, grass filters, mulching, manure application and grazing.

�Evaluation of soil erosion protective cover by crop residues�using vegetation indices and spectral mixture analysis�of multispectral and hyperspectral data

Éric Arsenault and Ferdinand Bonn

Ferdinand Bonn, Centre d’applications et de recherches en télédétection (CARTEL)�Université de Sherbrooke, Sherbrooke (Québec), J1K 2R1�Tel : (819) 821-8000, ext 2964, Fax : (819) 821-7944�E-mail : fbonn@courrier.usherb.ca, earsenault@hermes.usherb.ca.

Crop residues are efficient in reducing erosion and runoff on agricultural soils.  Evaluating their cover fraction along with their spatial distribution is important to both scientists involved in soil erosion and runoff modelling and authorities wishing to assess soil conservation adoption by farmers.  However, their detection and quantification is often problematic because of their optical properties which make them difficult to discriminate from bare soil.  A few methods to evaluate the dry vegetation cover fraction have been developed from simulated and actual Landsat-TM data, but there is some ambiguity as to the validity of their results.  The objective of this research is therefore oriented towards evaluating existing techniques for crop residue detection in order to find the most suitable one for accurate mapping of the dry vegetation cover fraction using either TM or hyperspectral data.  The techniques evaluated for estimating the dry vegetation cover fraction include the Soil Adjusted Corn Residue Index (SACRI), the Corn Residue Index Multiband (CRIM), the Normalized Difference Index (NDI) and the spectral mixture analysis technique (SMA).  

Field campaigns that were carried out by the FLOODGEN project in Sainte-Angčle-de-Monnoir, Québec, Canada, and in the Pays-de-Caux, Haute-Normandie, France, allowed to gather digital photographs, spectra and other measurements to determine the actual ground cover fraction.  When results obtained from a TM satellite image of Ste-Angčle acquired in May 1998 were compared to the actual ground cover fraction, the CRIM showed the best results with a R2 of 0.91, while the spectral unmixing technique gave an R2 of 0.63.  A hyperspectral simulation using field spectra from a GER-2100 instrument and the same techniques improved results for both the CRIM and spectral unmixing.  Results obtained with the CRIM correspond to a R2 of 0.96 for the Ste-Angčle-de-Monnoir study site, and 0.94 for the Pays-de-Caux site.  Results with the spectral unmixing technique gave an R2 of 0.92 and 0.89 for both sites respectivevely. Results obtained with the NDI and SACRI from both TM and field spectra were not conclusive.

�Descriptors of soil surface characteristics�for infiltration/runoff and erosion assessment

Auzet A.V.

Centre d'Etudes et de Recherches Eco-Géographiques (CEREG),�FRE2399 ULP-CNRS-ENGEES, 3, rue de l'Argonne, F-67083 Strasbourg Cedex, France.

Spatial patterns and dynamics of soil surface characteristics (SSC) are important factors of heterogeneity in the infiltration, runoff and erosion responses of fields, hillslopes and catchments. In soil erosion studies, SSC are generally considered through the vegetation cover, the stone cover, the crust development and a roughness index. Even though these parameters are of importance, they are far from sufficient to describe the effects of soil surface structure and microrelief patterns on hydrological and erosion processes. 

Several recent attempts indicate that taking into account SSC allows to improve the erosion modelling. Authors have emphasized the need for detailed high-resolution data sets to increase the quality of physically based modelling.

But the question of data requires discussion about the suitability of available measurement methods (e.g. infiltrometry, rainfall simulations, roughness estimation) and the representativeness of measured parameters to describe adequately soil surface properties, their heterogeneity and variability at the scales of interest.

The assumption here is that the lack of knowledge on processes and process interactions could be partly compensated by observations of SSC and by the development of process-oriented typologies of SSC, based on simple but physically based descriptors. These typologies can be used to assess less accessible parameters such as the hydraulic conductivity of the topsoil in the low pressure range, time to ponding, susceptibility to detachment, crust formation and microrelief evolution, surface depression storage and patterns of overland flow connectivity. They provide useful criteria for partitioning a catchment into functional units and help to focus measurement effort on the most critical parameters and units.

�Soil Surfaces, where do they go to?

R.Baker & P.J.Farres

Department of Geography, University of Portsmouth, Portsmouth PO1 3HE, UK

A familiar set of observations have been made about the changes that take place at the soil surface.  Basically, the general expectation is that the rough surface formed directly after tillage becomes smoother and flatter through time as the mechanisms of aggregate breakdown, coalescence, and between aggregate void infilling take place. At the surface soil particles become steadily more reorganised into a denser thin surface layer different in properties from the aggregates from which such soil particles were originally derived.  The whole set of processes and responses being in large part controlled by the stability of the soil structural units to drop impact.

However, at the end of the season the soil surface is returned to the soil mass by the tillage practices required for the next crop growth event. Relic soil surface crust and seals are then part of the sub-surface ‘plough layer’ and there is an assumption that natural pedological process destroy all evidence of this relict material and some how reconstitute it into ‘normal soil structural units’ again. But, if the rate of structural genesis is less than the time between tillage events there is the possibility that relic crust material will re-emerge at the surface during a subsequent tillage phase and that this relict material from a previous soil surface will now be part of the material in which the new soil surface will evolve.

There exists then a tillage soil crusting cycle, one that through time will create soil surfaces containing ever increasing amounts of relict soil surface crust material. Previously exposed surface material, by definition, will have very specific physical (and may be even chemical) properties, characteristics one might expect to decrease aggregate stability. If tillage crust cycles take place a form of positive feedback will be operation such that the more one tills the greater the chance of emerged relict crust and the greater the probability of increased surface aggregate instability.

A conceptual soil tillage crust cycle model will be formalised and the results of a field experiment used to validate the model presented. This field experiment involves the development of a technique of forming soil surface crusts which have different spectral signatures when viewed under UV light. A series of crust tillage cycles are created over an area in the field and after each tillage crust re-emergence event the distribution of relict crust material from all previous surfaces is mapped. This is achieved using photographs taken at night under UV illumination.

�Microtopographic erosion features, a tool for conservation advice.

Ir. Eelko Bergsma

Soil Science Division, ITC, Enschede, the Netherlands�email: bergsma@itc.nl�webpage: http://www.itc.nl/~bergsma 

Seven features of soil surface micro-topography are recorded as indicators of the relative importance of several subprocesses of rain erosion. The feature record can be used (Bergsma 1992,  1995, 1999; Bergsma & Kwaad 1992,) to compare the degree of rain erosion hazard at the end of a representative rainy  period. Thus different cropping situations can be compared for their sustainability to rain erosion. A selection of cultivation practices to be recommended can be made in this way.

For better understanding of the erosion  process, the distinction of features resulting from subprocesses of erosion is usefull also. The contribution of various subprocesses of erosion is seen to change in a rainy period when the microtopographic features are monitored.

The recording of soil surface features of microtopography is simple to learn, fast in operation, and cheap in execution. The feature recording can be done on whatever important types of land use exist in an area, such as annual and perennial crops, grassland, forest, orchard and plantation. 

Procedure

A recording is made of the microtopographic features along a tape of 2.5 meter, divided in parts of 25 cm, put along the contour, across the direction of surface flow, in a representative part of a field, with two replications laid out one or two meter above each other on the slope. For each of the intervals of 25 cm the dominant feature of the seven types is recorded. Observation is done after a major part of the rain erosivity has been realised in a year or season, and preferably before the growing crop covers the soil surface. Observations on 20 sites, close together, can be made in one day. Comparison of cultivation systems and the extrapolation of results about the resistance to erosion of cultivation systems to other areas is of course only allowed in so far as all other erosion factors are the same, such as rainfall, topography and soil. 

The Seven Types of Microtopographic Erosion Features

Original / resistant clods:	Resistant forms and those created by recent tillage. 

Eroded parts:	formed by splash and disaggregation (wetting, drying, etc.). 

Flow surfaces:	formed by shallow unconcentrated flow.

Prerills:	shallow concentrations of flow, incision up to about 3-5 cm deep. 

Rills:	micro-channels incised deeper than the prerills of 3-5 cm depth.

Depressions:	small lower areas, enclosed by clods.

Vegetative matter:	basal cover of living plants or dead residue

�Advances in characterizing and classifying surface structural crusts 

L.M. Bresson 1 and C. Valentin 2

1 UMR EGC, INA P-G / INRA, 78850 Thiverval-Grignon, France �Tel: 33 (0)1 30 81 54 29, Fax: 33 (0)1 30 81 52 70, E-mail: bresson@grignon.inra.fr�2 IRD - Ambassade de France, BP 06, Vientiane, RPD du Laos�Tel : 856 20 50 26 80, Fax : 856 21 41 43 74/41 29 93, E-mail: valentinird@laopdr.com 

Selecting relevant techniques to control the structural degradation of soil surface layers induced by rainfall or irrigation, i.e. crusting and hardsetting,  requires the knowledge of the processes involved. From their studies of loamy and sandy soils, which involved more than 400 thin sections of crusts from more than 100 soils, Valentin and Bresson (1992) suggested a morpho-genetic classification of crusts based on macro- and micro-morphological characterization: (1) structural crusts including slaking, infilling, coalescing and sieving subtypes, (2) erosion crusts and (3) depositional crusts including runoff- and still- subtypes. Since these types are genetically related and form time- and space-dependant sequences, such a classification system helps in assessing the crusting rate as well as the processes involved (Valentin and Bresson, 1997),  and gives thus some insight into (1) predicting crust formation depending on soil material characteristics, climatic conditions and management practices, and (2) selecting the most suitable control techniques.

During these last ten years, observation of surface crusts and hardsetting horizons lead to introduce additional types of structural crusts, agglomerating and packing, and to clarify the processes involved as well as the related soil, climate and management conditions. Surface crust and harsetting horizon may arise from the wetting of a poorly aggregated, pulverized soil material. Fine fragments (< 5mm), called ‘dust’ agglomerate due to capillary forces. The resulting microstructure is continuous, like the microstructure resulting from slaking of aggregates, and therefore sets hard on drying. Agglomeration requires small fragments form the major part of the soil which enables capillary forces on wetting to be strong enough to bring the fragments together. This occurs in unstable soils tilled in the dry state or pulverized by trampling. On the other hand, hardness on drying requires continuous soil matrix, i.e. a prophyric textural fabric. Another process can be observed in soils with an enaulic, gefuric or chitonic fabric, and where individual particles are well sorted. In such soils, rainfall cannot induce vertical sorting of particles by winnowing or by sieving, but raindrop impact only results in a closer packing. Packing and sieving crusts are not restricted to semi-arid or tropical areas since they have been observed in temperate areas. In the same way, packing and sieving crusts are not restrited to sandy soils and can be observed on clayey soils provided the textural fabric is not porphyric, i.e. the clay material is microaggregated.

This new approximation of structural crusts points out the role of the soil conditions: textural fabric, initial structure and initial moisture content. Eventually, a detailed and updated literature review leads to the validation of  this classification and suggests correlations with previous terminologies.

�Methodical approach to soil redistribution assessment�using Chernobyl-derived Caesium-137.

Dr Ph. Bonte 1, Dr N.N. Ivanova 2, Dr V.N. Golosov 2,�MSc V.R. Belyaev 2, MSc M.V. Markelov 2.

1 Laboratoire des Sciences du Climat et de l'Environnement, Unite Mixte de Recherche CEA-CNRS,�Domaine du CNRS, Bat 12 - avenue de la Terrasse, F - 91198 Gif-sur-Yvette Cedex, France�2 The Laboratory of Soil Erosion And Channel Processes, The Faculty of Geography,�Moscow State University, Vorob'evy Gory, GSP 3, Moscow 119899, Russia�tel: (007-095)-939-5044, fax: (007-095)-939-5044, e-mail: river@river.geogr.msu.su

In order to test the applicability of Chernobyl-derived 137Cs for soil erosion studies, fieldworks were undertaken in 1998 in Tula region of the Central Russia. An arable field was chosen on the western slope of the Chasovenkov Verh balka basin stretching from watershed surface break to vegetated balka bank. From that, 9 integral samples were taken along one transect of approximately 600 meters length. As the field was left unploughed on the year of sampling, two cores were taken at each location (one from stubble-covered patch and another from eroded soil) and then mixed up into one sample. In addition, ten samples were taken from small deposition lobe just below the field transect on vegetated balka bank where sediments from arable slope were accumulated when runoff broke through the lower field boundary.

Two watershed locations were chosen to establish the reference 137Cs inventory. From flat grass-sewn field section with area approximately 40x100 m, 9 integral samples were taken. Incremental samples to establish the depth profile distribution of the isotope (12 samples down to 37 cm depth) were taken from a pit situated on the edge of forest shelter belt.

Field transect and incremental reference samples have been independently analyzed in two different laboratories in Russia and France. The initial 137Cs fallout inventories obtained from independent measurements are in good coincidence, providing statistically valuable data to calculate the average reference inventory. The coefficient of variation is 19%, not exceeding reported spatial variation of the global 137Cs fallout. Total 137Cs inventory calculated from incremental samples is lower than the average reference inventory. This may result both from local characteristics of fallout and from differences between coring devices employed. In conclusion, spatial variability of Chernobyl fallout does not pose insoluble problems, but attention should be paid to sampling methods and locations.

Results of soil redistribution rate calculations from the transect show that significant erosion occurs on the most of profile with highest erosion rates at the middle and lower parts of the field. Only limited amounts of soil have been redeposited along the lower field boundary, most of sediments have been transported out of the field and accumulated on vegetated balka bank or reached its bottom. The sediment delivery ratio for the transect is about 78 %.

Average soil redistribution rates measured using Chernobyl-derived 137Cs appeared to be similar with data obtained by different independent methods – calculated using modified USLE for rainstorm runoff and the State Hydrological Institute model for snowmelt runoff and assessed measuring volumes of rills and deposition forms after a rainstorm in summer 1997. This provides good background for further development of soil erosion investigations using 137Cs in Chernobyl-affected areas.

�Dynamics and Properties of Ponding Areas

Lorenzo Borselli 1, M. Pilar Salvador Sanchis 1, Marta S. Yańez 2 and Dino Torri 1

1 CNR-IGES, Firenze, Italy�2 CNEA, Buenos Aires, Argentina

Ponding affects runoff generation, infiltration and erosion processes at different scales. Examples of these interactions are time-to-ponding, which is a key parameter for infiltration models, and the cushion effect that the water layer exerts on soil detachment. This paper aims at characterizing the dynamics and properties of the ponded areas.

Several soil samples, collected in arable land, were submitted to cycles of rainfall simulations in the laboratory. During rainfall digital photos of the ponded areas were made. Photos were later examined with a special designed image processing software (Ponding Image Analyzer - PIA), developed within MATLAB ® environment. This allowed calculating the fraction of ponded area. The collected data allow discussing on the:

Definition of time-to-ponding interval (hydrological time to ponding - HTP)

Physical significance and use of the time-to-ponding intervals: spatial variability of soil surface hydraulic properties.

Expansion of ponding / sealed areas (ponding after time to ponding- PATP): empirical function and examples

Integration of the two types of ponding (HTP – PATP) for a full description of ponded area properties: links with roughness evolution and interrill splash detachment / transport. 

The relevance of the ponding processes is further analyzed with respect to erosion processes and to time-variations of (spatial) mean saturated conductivity.

�Predicting Hydrologically Similar Surfaces (HYSS)�in Semi-Arid Environments

Bull, L.J. 1, Kirkby, M.J. 2, and Shannon, J. 3

1 Department of Geography, University 0f Durham, Science Laboratories, South Road,�Durham, DHI 3LE. Tel: +44 191 374 1156. Fax: +44 191 2456. Email:L.J.BUII@Durham.ac.uk�2 School of Geography, University of Leeds, Leeds, LS2 9JT.�3 Department of Geography, King's College London, Strand, London, WC2R 2LS.

Hydrologically similar surfaces (HYSS) can be summarised as distributed homogeneous un its within a catchment that produce similar runoff responses during storms. These response units have been referred to using a variety of labels including hydrological response un its (HRU s), hydrologically similar units (HSUs), grouped response units (GRU), representative elementary areas (REAs) and now HYSS. The primary reason for identifying HYSS is to preserve catchment heterogeneity for model inputs, which can easily be lost when scaling up plot and field scale processes and measurements. This paper presents a simple technique for delineating HYSS for semi-arid catchments based on the key runoff-producing variables of land use, slope and geology. Results from this technique are compared with variations in ephemeral channel flow throughout the catchment and show good agreement over important runoff producing areas. The connectivity between the areas producing runoff and the main channel network are crucial in producing floods and it must be remembered that catchments are dynamic and respond differently during storms of varying rainfall intensity and storm duration.

�Surface properties affecting runoff source-sink spatial patterns�under different climatic conditions.

A. Calvo-Cases 1; H. Lavee 2; J. D. Ruiz-Sinoga 3; P. Sarah 2

1 Departament de Geografia, Universitat de Valencia, Spain�2 Laboratory of Geomorphology and Soils, Bar Ilan University, Israel�3 Departamento de Geografia, Universidad de Málaga, Spain

In order to establish a model of hydrological response of hillslopes under Mediterranean, semi-arid and arid climatic conditions, a detailed study of soil surface properties along hillslopes has been conducted at four study sites in Israel, running from the Galilee mountains in the north to the Negev desert in the south. The mean annual rainfall at these four sites is 800, 600, 200 and 100 mm

In previous work the hydrological behaviour of hillslopes has been characterised by the spatial distribution of a series of runoff source and sink areas forming a pattern that differs in size and shape according to the environmental conditions and land use history.

At each site a series of pictures have been taken perpendicular to the surface covering a five meters wide strip along the hillslope. The images have been analysed in order to determine the spatial distribution of different surface components such as shrubs, rock fragments, bare soil and bare rock. Each surface component was defined, according to its hydrological response to rainfall as potential runoff source or sink patch.

The spatial distribution of the source and sink components is dynamic in time and space and affects overland flow generation and continuity as well as sediment transport along hillslopes.

These dynamic spatial patterns are used as indicators that determine the potential of hillslopes to contribute overland flow to the channel under different rainfall characteristics.

�Soil surface properties of irrigated arable fields in SE Spain

Erik L.H. Cammeraat

IBED-Fysische Geografie, Universiteit van Amsterdam�Nieuwe Achtergracht 166, 1018 WV  Amsterdam, The Netherlands�Tel. +31 20 5255890, Fax +31 20 5257431, e-mail l.h.cammeraat@science.uva.nl

In the Lorca basin in SE Spain an increasing area is cultivated with irrigated crops such as watermelons, tomatoes, lettuce and broccoli. These crops are often cultivated with trickle irrigation methods on marly dispersive soils. To prevent water loss by surface evaporation most of the fields are covered with plastic sheets. After the harvest the fields remain fallow for longer periods. The plastic sheets remain on the surface until the fields are ploughed again. The fields are ploughed with the plastics still on top of the surface and part of the plastic is incorporated into the soil profile by the ploughing process. The presence of plastic on and in the soil hampers soil water infiltration and soil water storage leading to reduced vegetation development.

In October 2000 an event with a 8 year recurrence period took place in the research area and the areas with the plastic cover were strongly affected by both erosion and sediment re-deposition and soil surface property changes. 

The plastic cover reduced the infiltration of water to very low values and only water was infiltrating in the areas where the main lines of irrigation water tubes were positioned. This caused the development of large pipe systems, under-tunnelling the soil and water conservation dams, causing major damage to the arable fields. On the plastic sheets themselves sediment was deposited in a discontinuous blankets with a thickness up to 5 cm. 

In this study examples of these effects are shown and the effects of the plastic cover on soil surface properties, crusting, infiltration, erosion, sediment reallocation and deposition are discussed.

A comparison is made between soil surface properties of recently plastic covered areas and abandoned fields, which have been covered by plastic more than 10 year ago. In the latter case the plastic is incorporated in both the subsoil and also in the dense soil surface crusts. 

Although the use of plastics is reducing water consumption and unwanted water loss, it has negative impact on soil properties and on the water redistribution after the harvest. This unfavourable practice is increasing land degradation. These problems can be easily avoided, but are in fact are ignored for economical reasons.

�Runoff and sediment yield from agricultural watersheds�in Central Navarre (Spain)

Casalí, J., J. J. López, U. Agirre, R. Gastesi, M. Gońi and I. Moreira
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Three agricultural watersheds were selected by the Department of Agriculture of the Government of Navarre (Northern Spain) for assessing in detail the impact of agricultural activities on the environment. The equipment installed on each watershed includes: 1) a complete automatic meteorological station, which records the main meteorological variables in a ten minutes basis; 2) a network of nonrecording rain gages spread on the watershed; 3) a runoff measuring station, which records flow level (and then flow discharge) and water cloudiness every ten minutes, and where water samples are collected daily to determine sediment loads and nitrate, phosphate, potassium, carbonate, bicarbonate, calcium, magnesium, chloride, sulphate and sodium concentrations. Very detailed territorial information (topographic, soil and land use maps) is also available. In this study, first results obtained from Latxaga (205 ha) and La Tejería (159 ha) watersheds are described and analysed, focussing in rainfall, runoff and sediment yield. The study period ranges from September 1996 to August 1999. The watersheds are located in the central area of Navarre, near to the town councils of Urroz-Villa and Villanueva de Yerri respectively, which are around 40 km apart. Climate can be considered as humid sub-mediterranean, with an annual rainfall of around 800 mm and an annual average temperature of around 13şC. The prevailing soil classes in the watersheds are Paralitic Xerorthents and Typic Xerorthents respectively, with clayey and silt-clayey textures. Almost 100% of the watershed surface is cultivated with winter grains. Soil management is conventional. During the study period, without outstanding rainfall events, a markedly seasonal behaviour of runoff and sediment yield was observed in both watersheds. Around 75% of runoff was generated in winter (December, January and February), whereas rainfall was distributed in a much more homogeneous way, around 25% per season. The ratio total annual runoff versus total annual rainfall was about 0.25 in the two watersheds (up to 0.75 in winter). According to this, sediment yield also showed a seasonal behaviour. Almost 100% of sediment yield was produced in winter, in very few rainfall events. This seasonal behaviour may be explained by the temporal evolution of soil moisture and by the mulching effect of vegetation and crop residues. Despite of the similar climate and land use conditions, the erosive response of the two watersheds was quite different. At Latxaga watershed, sediment yield was only of around 1,000 kg/ha in each of the two years studied, whereas at La Tejería watershed, sediment yield was much higher, reaching up to 6,000 kg/ha in 1996. The explanation to this behaviour seems to lie mainly on the properties of soils present in the watersheds. For example, silt contents are higher in La Tejería. A denser vegetation in the streams at Latxaga and the more complex morphology of this watershed could be related with larger sediment deposition areas and with smaller sediment yields.

�Modelling sediment concentration in interrill flow as a function�of soil surface conditions, vegetation and rainfall.
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A database composed of 673 natural rainfall events with sediment concentration measurements at the field or plot scale was analysed. Measurements were conducted on similar soil type (loess soils prone to sealing phenomenon) to apprehend the variability and complexity involved in interrill erosion processes attributable to soil surface conditions. The effects of the dominant controlling factors are not described by the way of equations, rather, we established a classification of potential sediment concentration domain according to combination of the dominant parameters. Thereby, significant differences and evolution trends of mean sediment concentration between the different parameter categories are identified. Further, when parameter influences interact, it allows us to discern factors relative effects according to their respective degree of expression. It was shown that crop cover had a major influence on mean sediment concentration, particularly when soil surface roughness is low and when maximum 6-min intensity of rainfall events exceeds 10 mm/h: mean sediment concentration decreases from 8.93 g/l for 0-20% of coverage to 0.97 g/l for 21-60% of coverage. The established classification also indicates that the increase of the maximum 6-min intensity of the rainfall factor leads to a linear increase of mean sediment concentration for crop cover over 21% (e.g. from 2.96 g/l to 14.44 g/l for the 1-5 cm roughness class) and to an exponential increase for low crop cover (e.g. from 3.92 g/l to 58.76 g/l for the 1-5 cm roughness class).

These results have been incorporated in the elaboration of the interrill erosion module of the STREAM model. This classification is used to characterise the agricultural fields with a potential sediment concentration value. For situations where there is no or insufficient experimental references, the classification is completed using a fuzzy logic approach. At the catchment scale, sediment is transported in proportion of the runoff volumes computed with the STREAM runoff module. Sediment particles are deposited when sediment concentration in the flow exceeds sediment concentration thresholds determined in function of topography (vertical curvature, slope gradient); or vegetation cover. 

Keywords: interrill erosion, sealing, crop cover, roughness, field and catchment scale modelling.

�Tridimensional investigation of the soil roughness evolution along time by using a rainfall simulator and a stereovision device
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The goals of this study were twofold : the first one was to build a new data base of  bare soils in order to validate the retrieval of the soil geometry by using the stereovision  method already proposed by Zribi (Zribi et al.,1999). The second one was to characterize by means of statistical parameters the evolution along time of the soil roughness as resulting from a controlled rainfall.

The experimental campaign was conducted cooperatively by CETP and INRA (Grignon) over the experimental Grignon site near Paris (France) in the framework of a project supported by "the Programme National de Télédétection Spatiale". Two kinds of soil practices corresponding to different roughness (seedbed and ploughed soil) were considered. Rather homogeneous areas of about 10 m2 for each soil tillage were available for the study.

Artificial rainfalls were used to get a controlled smoothing of the studied surfaces. The soil was watered quite uniformly at a constant and controlled rain rate. The durations were recorded. In order to get the topography of each soil pattern (rather than mere profiles), we used the stereovision method as proposed by Rabin et al (1997). By using the correlation of two images of the same spot, corresponding to two different looking angles, the tri-dimensional surface can be retrieved. The two CCD cameras used to take the pictures were installed over a platform set up at a height of 4m. In order to shift easily the whole equipment over the studied area, rails were placed across the field and the platform was fitted out with wheels. For each studied soil practice, we calculated a few tri-dimensional surfaces (1m X 1m) with a fine resolution of about 1mm in both horizontal directions. 

Each selected area was carefully located so as to focus exactly on the same spot before and after watering in order to analyse a possible evolution of the soil.

On one hand, the good quality of the retrieved surfaces makes case studies possible and allows to characterize the temporal evolution of any given structure of the soil. On a second hand, so great is the complexity of the 3D-patterns that the bare surfaces should be considered as random surfaces and thus characterized by means of statistical distribution and statistical parameters. Because of the tillage, the surfaces are not isotropic and therefore statistical characterization must be done separately for the both directions : perpendicular and parallel to the rows.

Finally recorded data and 3D evolution patterns, together with statistical descriptors, are available for people concerned with roughness analysis and/or soil conservation.

�Microgeometrical characterisation and percolation threshold evolution�of a crust under rainfall
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Sealing and crusting largely influence the infiltration characteristics of soils over large textures and conversely, the rainfall and infiltration regimes play an important role in the crusting process. Therefore the related hydrodynamic properties and the structural evolution of a crust still need to be investigated. The present work deals with the study of the microstructural crust evolution under rainfall, from the initial seedbed to the final sealed stage. 

Two French soils of different susceptibility to crust formation (i.e. silty loam soil and a loamy-clay soil) were studied. Aggregates lower than 2 cm in size of these soils have been submitted to simulated rainfall using a lab infiltrometer. The device was well adapted both to form the crust and to measure the related unsaturated hydraulic conductivity. Five stages of the soil crust formation have been macroscopically evidenced during lab rainfall simulation and their unsaturated hydraulic conductivity was measured. Soil crusts cores were carefully sampled at these different stages. Their microstructural characteristics were studied using both image analysis from optical and electron scanning microscopes images, and mercury porosimetry. We have used a specific device in the mercury porosimetry experiment to determine the pore size distribution and the size of the pore corresponding to the percolation threshold throughout the crust.

Mercury porosimetry results have shown strong modifications of the percolation threshold through the different stages of crusting. These observations have been underlined by qualitative description of the microstructural evolution of the crust by optical and scanning electron microscopes. By image analysis, we have evidenced the particles segregation and the porosity modification of the crust induced by raindrops. These results allow us to discuss the evolution of the percolation threshold evidenced by mercury porosimetry. 

The combination of mercury porosimetry and image analysis of light and scanning electron microscope images gives insight into the dynamic evolution of a forming crust and the modification of its hydrodynamic properties. These results will improve the crust formation modelling by the integration of crust microstructural parameters derived from quantitative microscopic analysis.

�Sediment delivery at the hillslope scale�and the role of the delivery pathway.
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This paper examines data from large-scale rainfall simulator experiments on sediment generation and delivery on road surfaces and discharge points. The data describe the relationship between sediment production and sediment availability, expressed here using road usage, for a series of rainfall events of increasing intensity. There is a clear relationship between sediment production and road usage, reflected in terms of sediment availability from previously deposited material. Sediment delivery downslope from a point source was examined to determine changes in fluxes as runoff moves downslope to the natural drainage network. Two types of pathway were investigated; (1) concentrated or gullied pathways which extended some distance downslope of the drainage outlet and (2) diffuse pathways where there is no evidence of runoff concentration.  The nature of sediment movement in these pathways is characterised in terms of particle size and sediment fluxes. In the concentrated pathways, there is no net change in flux as material moves downslope, with some sites showing an increase when the gully or rill provide an effective sediment source. Changes in the diffuse pathways reflected the wide, slower runoff movement and the ability of the vegetation and leaf litter to trap much of the sediment load. We conclude by demonstrating a catchment-scale sediment budget from these sources and pathways and outline effective soil conservation methods to ensure limited delivery downslope.

�Surface depressions, runoff and erosion processes
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Roughness is a main characteristic of the soil surface. Moreover, compared to other spatially distributed variables, surface roughness can be accurately quantified. The reduction of overland-flow and erosion by an increase in random roughness is usually accepted even if few evaluations have been carried out. The reduction in runoff and erosion is attributed to the increase in infiltration, hydraulic roughness, flow path tortuosity, surface detention, etc.

We evaluated the magnitude of random roughness effects on water runoff and sediment delivery using field and laboratory rainfall simulations. The experimental setup compared surfaces with a different number of depressions. In the field (Mandan, ND), four plots of 5-m long by 3-m wide were delineated and divided in their center. On one side, the surface topography was manually smoothed while, on the other side, depressions were created. The clod size distributions were kept similar. A sequence of six rainfalls (50 mm/h) was applied. In the laboratory, a soil box of 5-m long by 1.2-m wide was divided in two equal areas. The aggregate distribution was similar to a fine seedbed. One side was kept flat while depressions were formed on the other. During the rain sequence, an inflow of clear water or water with sediments was applied. This enabled us to calculate the sediment mass-balance for the study box. The most significant effect of depressions was to delay runoff initiation. Once runoff reached a pseudo-steady-state, infiltration, water runoff, and sediment transfer were similar despite the differences in roughness persisted (standard deviation, depression storage capacity).

Depressions are mostly ineffective in reducing water and particle transfer rates when runoff occurs. Depressions are only effective in limiting and delaying the runoff events. An increase in depression storage capacity limits the occurrence of transfers to the outlet caused by short and low intensity rainfalls. In case of strong thunderstorms, no significant effects are expected. Once preferential flow paths are established, no major differences due to depressions are expected at the outlet. Combined with previous studies, this finding leads to a reevaluation of soil surface roughness effects on runoff and erosion processes.

�Rill and ephemeral gully erosion in vineyards of Central Navarre (Spain)
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In this paper data from field surveys made in three small watersheds cultivated with vineyards and located in the town councils of Tafalla and San Martín de Unx (Central Navarre, Spain) are presented and discussed. Vineyards are a very significant crop in the area, and its economical importance has increased greatly during the last years. Despite the huge surface cultivated with vineyards in Navarre and Spain, there are almost no data available assessing soil losses. The selected watersheds represent typical soil and management conditions of wide areas in the Navarrese Region. Tillage is conventional, and aims to keep the soil bare to avoid weed-crop competition for water and nutrients, what makes the soil very susceptible to erosion. Soils are tilled about five times every year, and rills and gullies are deleted after each operation. The climate in the study area is continental mediterranean, with an average temperature around 13şC and an annual rainfall of about 600 mm. The soil parent material consists on marls, clays and gypsum of Terciary Age, interbedded with sandstone. Soil textures are rich in silt (about 50% at the upper layer), and soils can be considered as highly erodible. Surface areas of the selected watersheds are of 1.4, 1.6 and 1.8 ha, with average slopes ranging from 5 to 7%. Two different channel morphologies, that could be related with soil physical properties, watershed morphology and gully location, were found: 1) shallow and wide gullies and rills developing dense channel networks; and 2) scarcer deep and well defined gullies and rills. Eroded cross sections were measured with a profiler or a folding rule, and distance between cross section was measured with a tape. Average gully cross sections ranged between 0.02 and 0.11 m2, and gully lengths between 99 and 272 m. Total length of rills in each watershed ranged between 137 and 748 m, and drainage densities, considering both rills and gullies, ranged between 0.03 and 0.05 m-1. Most field surveys were made last summer (2000), around two months after the last tillage operation, and without outstanding rainfall events. Soil losses due to rills and gullies for a so short period of time ranged from 0.32 (channel morphology class 1) to 4.27 kg m-2 (channel morphology class 2). Gullies were responsible of about 75% of losses. The measured erosion, that can be considered as a minimum, is of great importance, and highlights the necessity of paying much more attention to the management of soil in the thousand hectars cultivated with vineyards in Navarre.

�Apport des SIG et de la télédétection�pour la gestion du ruissellement, de l'érosion et du phosphore�ŕ l’échelle du bassin versant :�cas de la Rivičre aux Brochets, sud du Québec.
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L’eutrophisation et la prolifération d’algues sont les conséquences de la pollution diffuse par le phosphore, elle męme associée en grande partie aux matičres en suspension résultant de l'érosion des terres agricoles. Le lac Champlain, situé au sud du Québec et chevauchant la frontičre avec le Vermont et l'État de New York, est un exemple type de région oů survient ce genre de problématique environnementale.  L’objectif principal de ce projet est de développer un indicateur agroenvironnemental qui permettra aux gestionnaires du bassin versant de la rivičre aux Brochets de réduire les charges de phosphore provenant des activités agricoles. Pour ce faire, le P-index a été adapté ŕ l’échelle du bassin versant. Le P-index est une méthode simple d’indexation qui consiste ŕ attribuer un poids relatif ŕ différents facteurs clés, soient : l’érosion, le ruissellement, la fertilité des sols, le taux et les méthodes d’application des engrais organiques et minéraux.   

Des images Landsat TM ont permis l’actualisation des cartes de l’occupation du sol, en se focalisant sur la différenciation des cultures pour une meilleure estimation de l’érosion et du ruissellement.  Des images RADARSAT ont été utilisées pour cartographier la rugosité de surface et l'humidité des sols nus.  Le Soil and Water Assessment Tool (modčle SWAT) a été retenu pour évaluer les processus physiques responsables du transport du phosphore du sol vers l’eau.  Les facteurs sources du P-index ont été quantifiés ŕ l’aide de base de données existantes. Le tout a été intégré ŕ l’aide d’un systčme d’information géographique (SIG) afin de fournir une cartographie des potentiels de perte de phosphore du sol vers l’eau.  

�Geomatic modelling of the soil erodibility factor K�for the Chaudičre River basin (Québec, Canada).
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The integrated modelling system GIBSI simulates soil erosion on watershed using an modified version of the Revised Universal Soil Loss Equation (RUSLE). The model requires the evaluation of the annual soil erodibility factor K for the studied watershed. This estimate depends on the accuracy of information from soil maps. The use of geomatics technologies appears to be a good way to manage this information and their spatial distribution in the watershed. An aggregation technique of physico-chemical soil parameters obtained from published soil surveys was developed and used to calculate and mapping, at the soil polygon level, the K factor for the Chaudičre River watershed (Québec, Canada). The calculated values of K, for all the surveyed soil polygons, varied between 0,0043 and 0,0582 t h ha/MJ ha mm, averaging 0,0236 t h ha/MJ ha mm for the watershed. The raster mapping of these values showed spatial discontinuities at the limits of adjacent soil counties. These were inferred by similar discontinuities at the soil polygon level. Some of these discontinuities were due to the nature and distribution of soil landscapes on watershed and to the evolution of soil survey techniques between 1957 and 1996. The impact of these spatial discontinuities on erosion modelling at the watershed scale is also discussed.

Key words: Soil erodibility factor K, spatial discontinuity, watershed, geomatics, GIBSI

�Soil factors in gully erosion generation�at Agulu/Nanka Area, Anambra State Nigeria.
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Agulu/Nanka area is located on the cuesta with steep scrap slopes to the west and gentle dip ones to the east both of which terminate into lowlands occupied by wetlands, streams, rivers and lakes.  The uplands, comprising soils and unconsolidated geologic units are severely-eroded and gullied. The adjoining wetlands and the surface waters are being destroyed. Over 70% of lands in Anambra State, Nigeria, are exposed to various types of erosion, namely, sheet, rill, and channel/bank and gully erosion. A combination of erosion forces driven by water, wind and man as well as landslides are also endemic. Over20% of lands have been lost to gullies that are at various levels of growth and maturity. Gullies are now advancing to about 30% of upland areas already cut in places by rills, channels and tension cracks. Lives, lands, plants, water bodies, infrastructure and property have been lost.

While total erosion is predominant during rainy season, slope failures, soil and landslides also continue into dry season. Total erosion has greatly destroyed the areas and highly impaired the psyche of the people. Most of them live in perpetual fear of when gullies and landslides would drive them away from their homes since many have relocated for more than three times in the last forty years as they are chased out by the hazards every rainy season. Anthropogenic activities are tremendous as high population of about 150,000 and density of 1000 persons are km2 were eliminated. The rainforest belt has been deforested to over 85% leaving soils bare. Industrial and agricultural activities activated by urbanization are in progress. Temperature(33 degrees centrigrade) and pressure (30mmHg) both during dry and wet periods. These attack soil cements and disaggregate them. Heavy rains fall during the rainy season at annual average of 1,800mm. This generates intense runoff and flood that move away soils through erosion and gullies. Untarred roads are graded in dry season for convenient vehicles movement, forest and bushes are cleared for development project; road works, NEPA and NITEL installations; and lands are cleared for agriculture. All these open up and expose soils to erosion and gullying.

Soil ages in the area vary from Holocene to Archaeological. They may be loose, friable, silty, sandy, poorly-cemented to compact, dry or wet to plastic clayey soils depending on whether it is dry or rainy period these soils are mainly derived from underlying geologic units of the sandy Nanka formation. Soil thicknesses vary from a few centrimetre up to 15m. The main soil types include sandy/lateritic, clayey, loamy and alluvial. The reddish  or brownish-colored sandy/lateric soils originate from  sandstone geological deposits. Clayey soils, often  with humic components, form from shale units and may be brownish to reddish when exposed and oxidized. Loamy soils with high organic matter content, originate from weathered bedrock of shales with sandstones intercalations with vegetation cover and  low-lying land forms. Alluvial soils occur along flood plains, lakes/rivers/streams banks and other tributaries. They are made up of silt, sands, some clay particles and organic matter.

�A process-based model for infiltration and overland flow hydraulics: application to heterogeneous crusted plots
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The spatial and temporal distribution of soil surface characteristics is one of the key variables which influences overland flow hydraulics and soil erosion. However, knowledge of these space-time dynamics remains poor. The main objective of this presentation is to show the possibilities of the two dimensional numerical model PRIM_2D (Plot Runoff and Infiltration Model 2D) for the prediction of infiltration and hortonian overland flow in crusted soil conditions. PRIM_2D is a two dimensional event model which is based on an explicit finite difference scheme coupling overland flow and infiltration processes for hillslopes. The hillslopes are represented by topographic elevations and soil hydraulics parameters. Infiltration is computed using a Green-Ampt model and overland flow using the depth-averaged two-dimensional unsteady flow equations (Saint Venant equations). The model has been used to simulate runoff production and transfer under contrasted soil surface characteristics and microrelief conditions.

The numerical tests presented illustrate the influence of the spatial variability of the microrelief, the roughness and the infiltration on the distribution of the flow depths, and also the magnitude and the direction of flow velocities. These results served to highlight the role played by the soil surface characteristics on the hydraulics of surface runoff.

�An assessment of the use of terrestrial photogrammetry as a method for the monitoring of natural soil surface changes over an extended period.
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After tillage and preparation of the soil for crop growth soil surfaces have been observed to almost continuously alter.  These responses of the exposed soil surfaces have two critical facets.  The first is a topographical, morphological response, here researchers have investigated changes in the soil surface roughness and how this operates at different spatial scales (Römkens 1986, Huang and Bradford 1992). Other researchers focus in on the second major response: changes in surface features after exposure, specifically the development of surface crusts and seals (Farres1978, le Bissonnais et al 1989, Kwaad and Mücher 1994). However, little research exists that formally links these two interrelated soil surface responses.  A non-invasive field method is required for monitoring soil surface behaviour at a micro scale. Terrestrial Photogrammetry offers such a possibility (Gasuel-Odoux et al 1991, Helming et al 1993). Unfortunately, those who have attempted this in the past have simply considered non-morphological attributes of the surface and ignored the possibility of obtaining additional detailed height information.

The research reported clearly demonstrates how analytical photogrammetry can be used to monitor a natural soil surface over an extended period ( 12 weeks). Using a temporal sequence of photographs, the same1750 surface point locations  could be ‘revisted’ and their height change history, relative to a fixed base level, determined to an accuracy of ± 1mm. This was possible using a Wild P32 terrestrial camera mounted 2.4m above the soil surface with a minimum of 5 control points visible in all stereo coverages. A Kern DSR14 analytical plotter, in conjunction with Leica/Kork software, was used to make the photogrammetric measurements. These data reveal, for the first time, how the degree of lowering of the soil surface relates to the surface smoothing. In addition to the production of a sequence of DTM’s feature maps of individual aggregate forms,  stones, crusts etc. were also created. Relationships between surface aggregate size and shape, exposure of stones, development of crusts, can all be expressed as functions of time of exposure. These maps were spatial referenced and can therefore be directly draped over the DTM to give a visual impression of the soil surface changes. In addition though, the ‘repeated measures’ data structure created by the monitoring can be used to model height change with respect to the different categorical features.

�Ridge furrow surface forms: a laboratory experimental study combining the use of low altitude terrestrial photogrammetry and soil micromorphology.
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Creating soil surfaces with a ridge and furrow form is a reasonably common farming practice. Such forms have, on occasions, shown to be critically important in the triggering of intensive localised soil erosion. The work reported here uses a laboratory simulation approach to consider how the  ridge furrow forms, and associated surface features, are modified by intense rainstorms. The design considers 2 rainfall intensities, 3 slope angle conditions and 3 different orientations of the ridges with respect to the major slope direction. Using low altitude stereo photography the conditions of the soil surface have been captured every 5 minutes throughout the storms, an analytical photogrammetric plotter is used to quantify the surface condition for each set of images to an accuracy of 1mm in all 3 spatial dimensions. In addition, thin sections of the near soil surface were produced for 3 different spatial facets of the experimental plot and for 5 different time states through the storm events. These allowed, for the first time, a detailed description of crust/seal development to be directly related to the surface micro-morphological history for the sites from which the soil thin sections were extracted.

The results from the experiments show that the ridge furrow surface, as a whole, lowers and flattens as the storm event develops in a statistically predictable way. This general form of relationship holds across all slopes, all intensities, all orientations, but with significant differences in the relative magnitudes. However, if one partitions this general trend for 3 different spacial facets of the surface eg. ridge tops, ridge side slope and furrow bottoms a far more complex, and less expected, set of interactions between the controlling variables and height changes reveal themselves. Explanations of these complex responses are to be found in the soil thin sections, here, differences in the mechanisms of soil crust genesis can be recognised (eg. aggregate breaking/slaking, aggregate merging/coalescence, laminar depositional forms etc.), it would seem these relate directly to differences in height change history of the facets from which the thin sections have been derived.

�Plot-scale variations in soil dispersivity across a trashed gullyhead�displaying shallow subsurface pipes

Hazel Faulkner 1, Roy Alexander 2 and Paul Zukowskyj1 
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A small gully in the Messinian-Rich Unit (MRU) of the Gochar in Almeria, southern Spain was surveyed to explore how far three-dimensional patterns of material dispersivity in materials displaying shallow pipe development can be related to hydraulic gradients and material properties. The crust, sub-crust and parent materials were sampled every 20 cm. across a 2m. by 3m. grid, and then analysed in the laboratory for their dispersive and granulometric composition. 

When plotted on a DEM, patterns of Sodium Adsoption Ratio (SAR), Electrical Conductivity (EC) and sediment size characteristics of the crust, sub-crust and parent material were found to correlate strongly with inferred hydraulic gradients. The SAR/EC and SAR/particle size 'signatures' for each layer show that whilst in-situ material is only potentially dispersive, the sub-crust layer is in places very dispersive, especially in the most incised part of the small gully. The crust layer is mostly non-dispersive, parallelling findings from other field sites in Almeria. Since the relative abundance of sodium in the subcrust is unlikely to be sourced from the parent material, it is inferred that calcium replaces sodium in the crust during leaching, leaving a calcic crust and a subcrust  that is sodic, and prone to subsequent pipe enlargement. This model is thought to explain the development of shallow pipe forms at preferential depths in these materials. The shallow pipes collapse to form gully heads that display features suggestive of a 'pipe-roof-collapse' origin (i.e. discontinuity; bridges; steep headwalls; and rills with excessively high width-to-depth ratios).

The role of the sediment size distribution of the materials is then explored. Results again suggests that because the surface material is relatively coarse, and because deflocculation associated with dispersion only affects the fine fraction, massive pipe enlargement is suppressed by the material's size composition. Given that the main expression of pipes in the MRU in the Mocatan basin is hammer-head gullies, which contrasts strongly with deeper pipes on the adjacent silty Triassic-Rich Unit, the paper concludes by suggesting a mechanism whereby the dispersive behaviour of the site influences its overall morphological development. 

Key words: Piping, dispersion, SAR, rills, crust, erosion

�Modelling the initiation and temporal development of rill systems
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Process-oriented erosion models such as WEPP and EUROSEM represent the initiation of rill systems in much the same way as the painter Botticelli represented the birth of the goddess Venus: full-grown from the beginning. This is because a fundamental assumption of current process-oriented models is that rills may be considered as channels to which the laws of hydraulics can be applied. While this assumption works reasonably well for a developed rill system, it leads to a logical contradiction when attempting to simulate the initiation of erosion on an uneroded soil surface: no rills yet exist, therefore no channels can be defined, and so hydraulic relationships for flow in channels cannot be used. Thus in some sense rills need to ‘pre-exist’ in current models. 

In reality, it appears that it is the pre-existing soil surface microrelief which strongly determines the pattern of the developing rill network. This is the assumption which underpins RillGrow, a model for rill initiation and development based upon self-organizing systems theory. As microrills and rills are dynamically excavated from a DEM of soil surface microtopography, rill networks are formed ‘emergently’, i.e. as a collective whole-system response from a large number of local interactions. Early results from the model are promising. It appears able to realistically reproduce the spatial patterns of rill networks on plot-sized areas, flow velocities at cross-sections of the eroding area, and total discharge and sediment loss from the plot. 

However, validation of the approach to date has focused only on a comparison of measured and modelled values at the beginning and end of rainfall. The reason for this is pragmatic: it is not easy to construct a DEM of a soil surface while it is eroding. Thus no attempt has previously been made to test whether the model can also predict the temporal sequence with which a given rill network develops. Until this is done, even the most satisfying comparison of measured and modelled rill patterns may be ‘the right answer for the wrong reason’. Certain confirmation of any real-world hypothesis is of course philosophically impossible; but the model must be able to pass this test if we are to have confidence that it is capturing some underlying principles of rill initiation and development. 

This paper describes a validation of RillGrow’s ability to predict the temporal sequence of rill development using DEMs of the successive stages of development of rill systems. These were generated during flume-based experiments, using simulated rainstorms. The validation study was carried out during a COST Short-Term Scientific Mission.

�Erosion-protection stability of small catchment’s soil cover�on southwest border of klin-dmitrov hills.

Fless A.D., Silinevich N.V., Titov V.V. 
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The knowledge of erosion-protection stability (EPS) of soils, exact estimation of its variations’ range is an indispensable requirement of rational economy management on erosion - susceptible landscapes.

In the present investigation the structural state of soils and its influence on erosion-protection stability (EPS) of surface horizons of a soil cover of small practically reserved catchment, which is located in Chashnikovo (Moscow region). Soil cover consists of  substantially eroded (74 % of total area ) soddy - podzolic  soils of light granulometric composition. 

The empirical dependence of aggregates’ water stability from lumping (crumbling) for variously eroded soils under row cultures (potatoes), cultures of continuous sowing and grasses are detected. The dependences look like: 

Dâc-děŕ = Ę1 (D-děŕ) and Dęí-děŕ = Ę2 (D-děŕ)

where D, dęí, dâc, děŕ - accordingly weighted- mean diameters of aggregates counted on the data of dry sifting, wet sifting of capillary - saturated and air-dry samples, and microaggregates’ analysis.

The detected regularities allow to evaluate  quantitatively soil water stability  modification  depending on a mode of soil handling and cultivated culture, to calculate and  forecast magnitudes of bottom washing away velocities for friable ploughing horizons of  soil cover, to some extent disturbed by processes of a water erosion. At crumbleness, which takes place in ploughing horizons  of  differently eroded catchment soils  under the indicated cultures, EPS of friable air-dry soils is valued as very low, at capillary saturating under grasses and vetch-oat mixture it is increased up to low, and for compacted horizons with developed sod cover becomes high and very high, but under row crops it remains very low.

�Temporal changes of soil surface properties related to wind erosion

Dr. Roger Funk
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The erodibility of a sandy soil is substantially influenced by the actual soil surface conditions. Sandy soils are highly erodible but caused by precipitation the soil moisture at the surface and the formation of crusts can reduce or prevent wind erosion. These properties are more or less subject to short time changes. 

The erodibility of 10 sandy soils was investigated under the aspect of these short time changes. Selected parameters to describe the changes were loose erodible material (LEM), crust strength, crust stability and soil surface moisture. The soils were loaded with rainfall of 550, 1100 and 1650 J/m˛ (20, 40 and 60 mm). After drying the LEM was collected with a vacuum cleaner. Than, the crust strength was estimated by the normal force of the cone resistance of a penetrometer. In wind tunnel experiments the crust stability was derived from results of abrade artificial aggregates. Changes of soil surface moisture was measured with an Infrared-Reflection Photometer and compared with the profiles of water content in 3, 6 and 12 cm depth. 

The amount of LEM increased from the first to the second rainfall intensity and decreased after the third because the compaction and sealing of the surface reduced the infiltration and so the former loose particles were rebounded by the suspended silt and clay particles. 

The crust strength against tangential forces was compared with the shear forces (fluid impact) of the wind. Even weak crusts on sandy soils can resist the wind because the forces differ about the factor 100. The forces of the wind with an additional particle impact by saltating sand grains increased up to the 300-fold and therefore weak crusts could be destroyed very fast. The duration of resistance to saltation fluxes can be estimated from the crust thickness and their stability. 

The soil surface moisture was compared with the cumulated potential evapotranspiration (PET). After a cumulated PET of about 16 mm the surface moisture changed very rapidly for all soils and so did the erodibility. 

The results show that the temporal changes influence the erodibility in an much greater part than the textural differences between the soils.

�Modelling Soil Surface Characteristics For A Catchment System
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A continuous rainfall usually results in building up pore water pressure, and thereby decreasing resistance of the surface material to detachment that would enhance the erosion rate. The subsequent upslope failure may be triggered as the ground slope of the upslope soil mass is effectively increased by the removal of the support provided by the initially failed material. The heterogeneous composition of a catchment surfaces make analysis difficult. Hence, apart from the variation of slope and convexity of a catchment, there is needed for considering numerous dimensions such as: steepness and altitudes dispersion, fine and coarse texture, altitude, skewness of altitude, - curvature and –gradient.

The hydrological processes at the land – atmosphere boundary play a significant role in the dynamics of the climatic system. The hydraulic conditions are varying within a short distances, as there are variations in the ground surface, which shows patterns of miniatures, alternating scours, sediment-fans, and debris dams. It is difficult to establish a mathematical expression that describes all relations between sediment discharges, flow, and soil particles. However, this helps to conceptualise the runoff process on the hill slope, i.e. infiltration, percolation, and downslope flow through unsaturated zone, as flow through macropores and micropores networks.

Some of the key unsolved modelling issues should address the need for comprehensive approach, encompassing spatio-temporal aspects of erosion processes beyond its effectiveness in erosion prevention. The current modelling approach in some cases involve 100-400% difference between the computed and the observed sediment yield at the out let of the catchment’s under consideration. 

The present study is aimed at applying dual resolution approach for hillslope – downslope parameterisation. The heterogeneities in physical characteristics of soil and topographic properties are incorporated into full basin response model at a range of time scale and various rainfall events. The resulting sediment laden flow, and consequent variation in soil water balance are considered. The relations between externally controlled development and self-development processes, and complexity in geographical systems are addressed.

Key words:	Soil surface characteristics. Dual resolution. Hillslope. Spatial organization. Unsaturated zone. Geographic systems

�Bed geometry influence on rill flow velocity
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Rill erosion is in many cases the major source of sediment transported off agricultural land. Rill flow velocity calculation is a necessary component of  soil erosion models. Although, soil roughness affects the velocity of both interrill and rill flow the processes involved in both cases are different. Interrill flow has no or only a very weak potential to erode the soil surface: therefore  the hydraulic roughness of interrill surfaces is mainly determined by tillage practices and the decay of tillage roughness by rainfall. On the other hand, concentrated flow actively erodes the surface. Therefore, the surface roughness within rills is determined by the flow itself which again may have important implications for the hydraulics and erosive power of rill flow. 

Govers (1992) showed that the flow velocity in rills eroding loose, non-layered materials could be predicted from knowledge of discharge only, while slope gradient and/or soil type did not have a significant effect. The purpose of this paper is to investigate to what extent the observed slope-independence of flow velocity in eroding rills can be explained by the interaction between rill bed roughness and flow hydraulics. In a laboratory study two situations were compared: (i) rills which can freely erode a uniform soil layer and (ii) rills with a fixed bed geometry. During the experiments rill discharge and flow velocity were recorded. After each experiment, a detailed topographic survey of the rill bed was carried out using a laser scanner. From these data, the main hydraulic variables (mean values of flow depth, wetted perimeter and hydraulic radius) were estimated. The experiments confirmed the slope-independence of rill flow velocities on mobile beds. When the bed is fixed, the flow velocity in rills is clearly slope-dependent. The slope-independence of flow velocity on mobile beds is due to a feedback between rill bed morphology and flow conditions. The roughness amplitude (which was assessed from the standard deviation of corrected height values) and the frequency of macro-roughness elements (which was assessed by counting the number of peaks per unit length in a previously simplified longitudinal profiles) both increase, and  tend to counteract the effect of the increase in slope gradient on rill flow velocity. The final rill flow velocity appears to be characterized by  a constant average Froude number . These findings may have implications for the representation of the rill erosion process in soil erosion models.

�The use of an entropy dimension index�to assess the extent of soil erosion
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The selective sorting of solid particles during erosion and deposition processes induces a change in the textural composition of the soil, which can be shown in a ternary diagram. Several indices have been proposed in the literature to reduce the number of required variables for the description of particle size distribution of eroded soils with variable success. Recently a new index, the entropy dimension, based in the relation between size and mass fractions of soil particles, has been presented. This index decreases from near unity when size and mass fractions coincide to lower values when the differences between fractions are larger. The index has been applied to the study of textural sorting due to the erosion processes during furrow irrigation. The entropy dimension decreased along the furrow from the head where erosion predominated to the bottom where fine particles deposited.

The advantages of the entropy dimension are shown in several cases discussing its validity.

�Elementary processes and thresholds in soil surface dynamics
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Elementary processes of soil particle-to-particle interaction are important to understand as they control a range of phenomena that occur at the soil surface. For example, the various crust types (such as structural, erosional, and depositional crusts) and their range of properties that occur under different environmental and management situations, are largely determined by the nature of the physico-chemical factors involved in their formation. The behaviour of these crusts is critical in determining processes that occur at the soil surface and the thresholds to these processes. These processes include: (i) the infiltration and redistribution of water from rainfall and irrigation, (ii) surface runoff and erosion, and (iii) plant establishment and growth. Furthermore, soil crust formation is a dynamic process and can influence soil processes and hence management at a range of scales.

To understand these elementary processes of particle-to-particle interaction it is first necessary to study the nature of the soil constituents present in surface layers and the various factors responsible for bindng them together. Particularly important are the components and forces involved in soil aggregation, and the range of scales at which these forces operate. These components include the different types of soil organic matter, the composition of the exchangeable and soluble cations, and various other factors such as clay mineralogy and the presence of inorganic materials that can act as cementing agents.

This paper demonstrates how the two basic types of soil structural breakdown, viz slaking and dispersion, that lead to various types of surface crust formation, can be explained by invoking different types of elementary particle-to-particle interaction occurring between the soil components. The nature and [properties of these resulting surface crusts are outlined to further illustrate the different forces and processes involved.

�Soil management effects on soil surface aggregates and soil loss�on two Norwegian soils
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Estimates of erosion rates are usually obtained using different kinds of soil erosion models. However, these models are often used with limited success and normally they also require a large data input. Another method to estimate erosion rates is to estimate soil erodibility from easily measured soil properties that are strongly correlated with erodibility. Stability of soil aggregates is probably the single most important soil property governing soil erodibility. 

The water stability of soil surface macro-aggregates (6–0.6 mm) was measured on two different agricultural soils in south-east Norway during spring 2000. Site A is located on a artificially levelled silty clay loam with a low organic matter content, while site B is located on a loam soil with relatively high organic matter content. Further, the plots at site A had experienced autumn ploughing and spring harrowing treatments while the plots at site B had experienced autumn ploughing and spring ploughing for more than five years. The water stability of the macro-aggregates was measured in the laboratory using a rainfall simulator, a method that analyses the effect of the raindrop impact energy.

The results from the aggregate stability tests show that the macro-aggregate stability in general was much higher for the soil at site B than for the soil at site A. Next, at both sites the plots with the spring tillage had generally more stable macro-aggregates than the plots with autumn tillage. From a soil management point of view it is therefore recommended to use spring tillage in areas experiencing high soil erosion, at least on these two soil types in south-east Norway.

�Synthesis landscape pedological cartography using remote sensing « Landsat TM  images ». Case of the region of Ghassoul (El-Bayadh).

Cartographie pédopaysagique de synthčse par télédetection «images Landsat TM.». Cas de la région de Ghassoul (Algérie).
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The Algerian steppe has become a focus of many multidisciplinary studies for its agro-sylvo-pastoral restoration. Thanks to the synthetic vision of the landscape, the satellite image allows to reduce the necessary land data (necessary for an inventory cartographic study). We found it very useful to begin with a pedological landscape cartographic  approach using remote sensing, as a support for a representative region of the steppe, called Ghassoul.

For the mapping inventory (1/100.000eme) of our study region, we used digital multispectral TM data of Landsat 5, images 197/37,  as 11 - 04 - 1988. A coloured composition was defined for our cartographic application after different processing made on these data. The channels were: TM 7, TM 4  and TM 2.

The results obtained are very promissing. The landsat TM image used, allowed us, in a first step, to reduce time in the realization of the landscape pedological by image photointerpretation.  Other voise, the supervised classification of satellite image, by the maximum Likelihood probability method allowed us to make a global analysis on the spatial distribution of the pedological landscape units and to estimate the ratio of confusion between certain classes.

Keywords:	cartography, inventory scale, pedological landscape, TM Image,  classification, steppe, Algeria.

La steppe algérienne est devenue l’objet de trčs nombreuses études pluridisciplinaires en vue de son aménagement agro-sylvo-pastoral.

La démarche de cartographie d’inventaire (1/100.000eme) des sols de la région de Ghassoul a été basée sur des critčres inhérents ŕ l’image satellitaire (localisation géographique ; ton de grisé ; forme géométrique) et ceux de l’environnement (topographie ; végétation ; lithologie ; données climatiques ; couleur ; présence ou absence du calcaire ; profondeur ; etc.). Pour cela, nous avons utilisé les données numériques multispectrales Thematic Mapper  (TM) de Landsat 5, scčne 197/37 du 11-04-1988. Une composition colorée (TM7, TM4, TM2) a été retenue pour notre application de cartographie aprčs les différents traitements effectués sur  ces données.

Les résultats obtenus sont déterminants. L'image Landsat TM exploitée nous a permis dans un premier temps, de gagner un temps énorme dans la réalisation de la carte pédopaysagique par photo-interprétation. Par ailleurs, la classification supervisée de l’image satellitale, suivant la méthode de maximum de vraisemblance, nous a permis de faire une analyse globale sur la distribution spatiale des unités pédopaysagiques et d’estimer le taux de confusion entre certaines classes.

Mots clés	cartographie, échelle d’inventaire,  pédopaysage, image TM , classification, steppe, Algérie.

�Effect of maize cultivation techniques on soil surface characteristics, overland flow and erosion.
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Overland flow controls erosion and transfer of contaminant at the soil surface up to aquatic systems. Agricultural techniques constitute one of the best way for soil and water conservation in cultivated catchments. These techniques may improve the situation by controlling soil surface characteristics and thereby decreasing overland flow and erosion. As maize cultivation has strongly extended during the last decades in region of  animal farming and was considered as a critical cultivation for water quality and soil erosion, we focussed on the effect of a few maize cultivation techniques on overland flow, sediment and herbicide transport at soil surface. The study was conducted at field scale, on two sites that differs by  their aggregate stability. They are conducted under natural and simulated rainfall. A temporal analysis of soil surface characteristics along the year allow to identify critical periods and to propose major cultivation strategies. 

The combined strategy for weed control that limit input of herbicides on the crop row and introduce a mechanical  weed control in crop inter-row was compared to the classical whole chemical weed control and to the classical management strategy of grass strip. This cultivation technique induced a decrease in herbicide concentrations and export on the first rainfall events, due to the lower amount spreaded and tillage that restore initial soil infiltrability. The effect is a short term effect due to soil surface desegregation that depends on soil aggregate stability and climate. Seeding grass in maize may induce a quick soil cover after maize harvest and limit soil erosion between two successive cultivations.

The no-till methods was the second strategy. It had no effect on concentration but on soil infiltrability and export compared to the classical tillage, due to band wise mulch planting and decompacting that improve soil infiltrability. These cultural techniques, that improve soil surface conditions and infiltration of water are efficient to decrease soil surface transport and herbicide export in surface water all along the cultivation period.

These cultivation techniques that control soil surface characteristics are very efficient to preserve soil and water. They are generally favourably considered by farmers by comparison to management strategies because they take advantage of their work.
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�Impact d’itinéraires culturaux du maďs�sur le ruissellement et l’érosion des sols
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Le ruissellement de surface contribue de maničre importante ŕ l’érosion des sols et aux transferts de contaminants vers les eaux superficielles. C'est pourquoi, sa maîtrise constitue un volet important des stratégies de conservation des sols et de protection de la ressource en eau. Nous avons essentiellement travaillé sur les itinéraires culturaux du maďs, cette culture, pilier de l’alimentation animale, représentant 25 % de la SAU en Bretagne et étant identifiée comme source majeure de contamination des eaux par les pesticides. Une analyse des itinéraires culturaux, en relation avec la dynamique des états de surface, a mis en évidence les périodes critiques vis ŕ vis du ruissellement. Des solutions portant sur l’introduction du désherbage combiné, du semis intercalaire sous culture et du travail simplifié du sol ont été proposées et analysées. Des expérimentations mettant en śuvre ces différents itinéraires de culture ont été mises en place ŕ l’échelle de la parcelle, sur deux types de sol différant par leur stabilité structurale. L’analyse a été conduite sous pluie naturelle et sous pluie simulée.

Le désherbage mixte, combinant un désherbage chimique sur le rang et un désherbage mécanique sur l’inter-rang, associant de maničre facultative un semis intercalaire sous culture, a été analysé intrinsčquement et par comparaison ŕ des dispositifs de type bande enherbée. En limitant la propagation du ruissellement du rang vers l’inter-rang et en favorisant l’infiltration de l’eau dans l’inter-rang grâce au binage, cet itinéraire cultural permet de réduire le ruissellement durant la période de printemps. Cet effet est temporaire et correspond ŕ la durée de la dégradation structurale de la surface du sol, celle-ci dépendant fortement de la chronique climatique et du type de sol. Cet itinéraire cultural assure, durant cette période de printemps et dans les conditions expérimentales testées, une efficacité équivalente ŕ celle d’un dispositif tampon de type bande enherbée. L’introduction d’un couvert intercalaire sous culture permet un développement rapide d’un couvert d’interculture tout en supprimant l’intervention culturale d’automne. Ce couvert limite efficacement le ruissellement durant la période hivernale.

Les techniques culturales simplifiées, basée sur l’utilisation du paraplow et du combiplow, outils de pseudo-labour permettant un décompactage du sol et un état de surface trčs hétérogčne, ont abouti ŕ des résultats concordants. Ces techniques sans labour ont un impact trčs important sur l’infiltrabilité des sols, et donc sur la réduction des flux d’eau et de particules au printemps (de l’ordre de 90 %). Le mulch de surface limite la propagation du ruissellement de surface et le décompactage restaure l’infiltrabilité du sol. Il semble cependant qu’en condition hivernale, sur des sols quasi-saturés et ŕ faible stabilité structurale, la réduction des flux soient relativement limitées.

Ces techniques culturales, basée sur une maîtrise des états de surface, ont montré leur efficacité, dans certaines conditions, pour réduire le ruissellement, les transferts de particules et de contaminants ŕ la surface du sol. Elles peuvent contribuer ŕ la préservation des ressources en sol et en eau, ceci d’autant plus qu’elles sont souvent perçues de maničre plus positive, valorisant le travail de l’agriculteur, par comparaison ŕ des solutions d’aménagement, perçues comme difficiles ŕ valoriser et lourdes ŕ entretenir. 
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�Effect of dimension, size and resolution on roughness determination
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Soil surface roughness is an important parameter for surface sealing, runoff and erosion processes. It is defined in the scale of mm, is non-directional and is formed by secondary tillage. Although the importance of surface roughness and its stability for soil erosion processes has been acknowledged in many studies, this factor has rarely been incorporated in soil erosion models. One reason for this gap might be the lack of consistent surface roughness data. Existing data were measured with different measurement devices and for different measurement conditions such as dimension (2D vs. 3D), area size and resolution. Moreover, many different indices were used to characterise surface roughness measurements. The relation between the different roughness indices is not fully understood, and their sensitivity against measurement conditions is not known.

The objective of this paper was twofold: first, to determine various indices of surface roughness for the same data set and to test their relation and their performance in characterising different aspects of surface roughness. Second, to test how the dimension, size and resolution of roughness measurements affects those indices. The analysis were based on an extensive data set of about 200 roughness measurements on different field sites in Germany obtained with a high resolution laser relief meter.

Results showed: A) Standard deviation based roughness indices were closely related to surface area based indices, the latter being more sensitive against roughness differences. Geostatistical indices performed well in characterising specific elements on the surface such as clod sizes or furrow dimensions. B) Whereas the standard deviation related indices did not vary significantly with the measurement resolution, the surface area related indices were most sensitive to the resolution of the measurement. There, the shape of the curve of roughness index against measurement resolution itself seemed to be an interesting parameter for roughness characterisation. C) The relation between 2D (transect) and 3D (area) measurements was weak in most cases. 2D measurements can therefore only deliver a very rough estimate of 3D surface characteristics. D) The variability of surface roughness within one field site was as great as between different field sites. For homogenous tillage conditions, surface roughness variability could be attributed to the variability of the clay and silt content of the soil.

The conclusion was drawn that dimension, size and resolution highly affects surface roughness measurements. This fact needs to be considered when roughness data are to be incorporated in erosion models.

�Spatial variability of saturated hydraulic conductivity derived from measurements of air permeability: Effects on surface runoff modelling.

Bo V. Iversen, Per Schjřnning, Per Moldrup
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Soil air permeability measured in situ is an easily obtained and valuable soil characteristic. A general log-log linear prediction relationship exists between the saturated hydraulic conductivity and the air permeability measured at field capacity. An air permeameter was constructed being able to measure air permeability in situ, on-site (exhumed soil samples) and in the laboratory. In situ and on-site measurements using 3140 cm3 soil cores were carried out on four agricultural soils (sand to sandy clay loam). Reliable in situ air permeability values were obtained by using an expression taking into account unknown boundary conditions at the lower end of the soil sample ring. Additionally, in situ measurements of air permeability were carried out in a 30-m grid on two small agricultural field slopes. Measurements on both field slopes showed that a spatial correlation of the log transformed air permeability values existed having a range of approximately 100 m. Using the general linear prediction relationship, values of air permeability was converted to values of saturated hydraulic conductivity. The importance of including the spatial variability of the hydraulic conductivity was exemplified by means of a distributed surface runoff model. A large difference in surface runoff output from the model was observed for the specific rainfall event dependent on using geometric averages or kriged values of the air permeability/saturated hydraulic conductivity. The results advocate the use of saturated hydraulic conductivity estimates from in situ air permeability measurements as a way of improving the prediction accuracy of models dealing with near-surface water in saturated conditions.

�Interrill wash and splash erosion as affected by surface roughness�and rainfall intensity
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A laboratory rainfall simulation study was performed to evaluate the effects of soil surface roughness and rainfall intensity on interrill erosion processes. Three different initial soil surface conditions (aggregates <20 mm ‚smooth‘, <63 mm ‚medium‘ and <150 mm ‚rough‘) simulating effects of different tillage tools were examined. Following rainfall distributions were investigated: constant intensity (40 and 60 mm h-1), increasing intensity (20-40-60 mm h-1) and decreasing intensity (60-40-20 mm h-1). Rainfall durations ranged between 90 and 180 min. 

Air-dried top soil was placed in an erosion pan. The pan was adjusted at 7.5 % slope and then placed under a rainfall simulator with oscillating nozzles. Deionized water was used for all runs. Each experiment was replicated at least once. 

Soil loss, splash erosion, splash water, runoff and percolation were measured in five minute intervalls throughout each experiment. Soil microtopography, soil moisture and surface shear stress were measured before, at the end and at selected times during each experiment. Soil elevations were recorded in a two by two millimeter grid with a portable laser scanner. Results were used to calculate various parameters describing soil surface roughness. Grain size distributions  of splash and wash sediment were analysed using the pipette method by Kubiena.

Among the compared roughness indices slope index was the best indicator of roughness decay due to rainfall. Quadratic polynomial curves of roughness decay could be observed for different rainfall distributions and different initial roughness conditions. Cumulative surface runoff and soil loss increased with decreasing initial roughness and showed significant dependency of intensity sequence. Cumulative splash erosion was three to four times higher than soil loss and was independent of microtopography but dependent of rainfall intensity. 

Infiltration rates at the beginning of a storm event were lower for smoother surface and higher intensities. Preceding small intensities led to higher infiltration rates during consequent runs and more rainfall energy was necessary to achieve steady-state infiltration. Splash rates were intensity-dependent and decreased with progression of the rainfall. Soil loss rates varied with intensity even though runoff rates stayed constant. Raindrop impact seemed to contribute considerably to shallow flow transport. Availability of transportable material also influenced soil loss. 

Particle size analyses showed significantly higher contents of coarse and medium sand in splash compared to wash, on the other hand medium and fine silt as well as clay contents were significantly lower. Intensity sequence had significant influence on splash and wash grain size distribution. Further analyses showed that for decreasing intensity sequence rainfall intensity was the major influence factor whereas for increasing intensity sequence roughness was the one.

�The effect of surface roughness on the hydraulic radius

Victor Jetten
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Reported overland flow in field observations or laboratory tests is mostly shallow, less than a centimeter in depth. This goes for more or less concentrated sheet flow as well as for rill flow. Velocities are in the order of several decimeters per second at most. In order predict overland flow, sediment transport and flow erosion, most models use the Manning's equation and the hydraulic radius. As the flow width is assumed much larger than the depth, the hydraulic radius is reduced to the water height in some models (WEPP) while a shallow rectangular flow modified by the fraction of ponded area is assumed in other models (EUROSEM, LISEM). However, if one looks at reality the flow is not wide and shallow, but made up of numerous ponds and small channels due to the micro-roughness. The hydraulic radius is determined by the roughness elements of varying sizes and is only near rectangular if the roughness elements are very small compared to the depth and are therefore submerged. In reality on tilled surfaces this will hardly ever be the case. An analysis of the effect of roughness on the hydraulic radius is therefore needed, both in real flow conditions and in computer simulations.

In a study to analyze the relation between roughness and detention storage (Kamphorst et al., 1999) over 300 surfaces were measured and digitized, varying in size from 50x50 cm to over 1 m2. Standard deviation of the roughness varied from 2 mm to 45 mm due to a wide variety of tillage practices. Using the PCRaster software a program was written that fills a surface by adding raindrops, which flow towards the ponds that are forming on the surface. The simulation continuous until the entire surface is submerged. During this process the wet perimeter and wet cross section are calculated for each mm of rainfall, on 10 lines in east-west and north-south direction. Thus the average hydraulic radius of these 20 lines for each water height is simulated. 

Results are surprising when the simulated hydraulic radius HRsim is compared to the water depth D:

for almost all surfaces HRsim increases linearly with D but on top of that a fluid sinoid shape occurs, with the HRsim increasing more then D when it is less then 10 mm, and HRsim is less then D when the depth increases above 10 mm; 

the shape of this curve can be reasonably well fitted by using the fraction ponded area fpa and the water depth d: the function has the form of HRest = a*D/fpa + b*D*fpa, whereby a is about 0.5 and b is about 0.3 (analysis is ongoing);

the fraction of ponded area fpa shows the same type of curve for all surfaces and can be well described by a the negative exponential relationship fpa = 1-exp(-c*D), whereby there is an excellent non-linear relationship between the parameter c and the standard deviation of the roughness (R2 =0.9715, n=362);

In an attempt to see why the hydraulic radius has the shape described above, several artificial surfaces were created and analysed (random noise, demi-spheres, sinoids, rectangles). The surface with superimposed demi-spheres resembled the HRsim the most which indicates the effect of aggregates on the behaviour.

Thus the proposed calculation in a model is as follows:

Calculate the fpa parameter c from the standard deviation of the roughness heights (which is one of the most widely used variables to describe roughness)

Calculate the fraction of ponded area fpa associated with the water depth D in each spatial unit

Calculate the hydraulic radius from the D and fpa 

Two simulation runs with LISEM on a catchment in Limburg (NL) show the difference between the methods of estimating the hydraulic radius.

�Investigations of the susceptibility to surface sealing on a field scale
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In many laboratory experiments the processes of surface sealing and the genesis of crusts have been analysed. In these studies the influence of different physical and chemical soil properties related to surface sealing are explained but they did not examine how their spatial variability varies at the field scale. The main objective of this work was to study the spatial variability of the susceptibility to surface sealing under natural conditions in a maize field.

The study was conducted at a 1 ha maize field in the north of Giessen, Germany. The loess soil is classified as a Haplic Luvisol according to Soil Taxonomy (1994) with high silt content and therefore expected to be susceptible to surface sealing. An unbalanced nested sampling scheme was designed and the 64 sampling points were distributed on the 144 m X 72 m grid. The following basic soil properties were analysed immediately after sowing in May 1999 to derive the susceptibility to surface sealing: texture, soil organic matter and aggregate stability. In order to characterise the quality of the crust, saturated hydraulic conductivity was determined according to the method of Bohl & Roth 1994 before an after crusting. Spatial variability has been analysed with standard geostatistical tools such as semivariogram-analysis and Kriging.

All analysed soil properties (texture, SOM, aggregate stability and hydraulic conductivity) are spatially dependent and the ranges of the variograms varied around 20 m. The spatial patterns of the basic soil properties and the saturated hydraulic conductivity proved to be closely related.

�Spatial variability of aggregate stability on a field scale

Christine Jöckel, Nicola Fohrer, Hans-Georg Frede
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Aggregate stability (AST) is a suitable indicator to surface sealing, as crusting is a direct result of aggregate breakdown. Although many studies of AST were based on a large variety of different soils, the spatial distribution of AST within one field was not considered. The aim of this study was to determine the AST on a single field and to examine how it varies in space and in relation to basic soil properties such as soil organic matter and grain size distribution.

The sampling site is situated at the Amöneburger Becken, south of Marburg, Germany. An unbalanced nested sampling scheme with four stages was used in a maize field. The 64 sample points were distributed on a 10 368 m˛ area. Samples were only taken from the soil surface (0-0.5 cm) and immediately after sowing in May 1999 to investigate the AST of the recently tilled soil surface. AST was determined under standardized soil moisture conditions with rainfall experiments with an intensity of 30 mm h-1 in a time interval of 20 minutes. Different aggregate fractions (>16 mm; 10-16 mm; 8-10 mm; 5,6-8 mm; 3-5,6 mm) were placed on sieves with mesh size half the mean diameter of the aggregate fraction  under investigation. AST was expressed as fraction of aggregates remaining on the sieves and their initial weight. Semi-variogram analysis has been used to analyze the spatial variability of the soil properties. 

Spherical variograms could be modeled for all aggregate classes except for the smallest fraction (3-5,6 mm). In this case a linear semi-variogram was fitted. AST on a field scale has a spatial structure and is consequently spatial correlated. The spatial distribution of SOM shows a significant correlation to the spatial pattern of AST for fractions < 10 mm. AST of the aggregate fractions < 5,6 mm is significantly influenced by the amount of fine material (silt & clay).

�The relationship between degraded vegetation, soil surface conditions and erosion in Peddie District, Eastern Cape, South Africa.
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An investigation of the variables that control the occurrence of Pteronia incana (Blue bush), an invader species of Karroid origin, is conducted in Peddie district, Eastern Cape. A catchment approach is adopted with a view to establishing the relationship between the degraded vegetation, soil surface conditions and erosion patterns. Mugwalana, one of the catchments in the district where encroachment by the species is considerable, is chosen. Initially, a 1 km grid over the entire catchment is surveyed. At each grid point, slope position and angle, cover, soil surface conditions, erosion status, occurrence or non-occurrence of the invader species, land use history and the GPS reading are recorded. The entire catchment is then flown and infrared photographs are taken using a High Resolution Videography (HRV) camera. On the basis of the information obtained from field surveys, the HRV images are classified using Idrisi GIS. The extent of the enchroachment by Pteronia, soil surface conditions and soil erosion are hence reliably mapped. A strong spatial correlation between Pteronia and steep slopes, surface crusting and erosion is identified particularly on abandoned fields and overgrazed lands. The relationships established are critical in terms of devising appropriate intervention strategies to control erosion and encroachment by Pteronia.

�Generating 3D soil surfaces from 2D measurements in order to determine Maximum Depression Storage
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Surface depression storage is one of the determining factors in runoff generation, besides rainfall, infiltration and interception. Surface depression storage depends on surface micro topography, which is subject to spatial and temporal changes. Storage is especially important when infiltration rate is several mm/h lower than rainfall intensity. In Europe this may be the case for crusted or frozen soils.

Maximum depression storage (MDS) is generally estimated from roughness indices. These indices are based on elevation measurements from two-dimensional transects, which are relatively easy to obtain. However, these MDS estimations have a high uncertainty. The most reliable way of estimating MDS is by simulating the filling of a Digital Elevation Model (DEM) of the soil surface using an algorithm. Yet, measurements of DEMs are often not available because they result from high-tech techniques (laser roughness meters or photogrammetry).

The aim of this study was to produce DEMs (three-dimensional surfaces) with correct storage characteristics, using a simulation model that uses regular field elevation measurements (two-dimensional transects) as input. Two different types of models generating random surfaces, Gaussian and Boolean, were tested for their ability to simulate the soil surface of seedbeds.

Two soil surfaces representing freshly tilled seedbeds were created in the laboratory from soil aggregates (<40 mm diamater). On these two surfaces with varying roughness, elevations were measured every 2 mm on parallel transects using a laser roughness meter. From these data model parameters were derived and with those the DEMs were generated. MDS was estimated on both the original soil surfaces and the simulated surfaces using a filling algorithm included in the PCRaster software. The simulated surfaces were evaluated based on the roughness index RR, the height distributions, the semivariograms and their appearance.

The results showed that only one Boolean model generated surfaces with the correct mean MDS values for the finer soil surface. Almost all models resulted in overestimated MDS, even though most had correct RR values. Besides, the skewness of the height distributions seems to be related to MDS.

In conclusion none of the models is capable of generating surfaces with realistic storage characteristics. But the method is promising because it is reproducable; simulated surfaces derived from a same set of parameters are very similar in MDS. When improved, this method can become more accurate than the statistical two-dimensional methods based on roughness indices.

�Soil surface characteristics  and  water erosion in Sahelian area : Case study of a small pastoral catchment in the north of Burkina Faso
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Surface water flow and  associated solid matters  were  monitored during three years (1998-2000) on a small pastoral catchment (1.4 ha) in the sahelian zone of Burkina Faso. The annual rainfall amount ranges between 400 mm and 600 mm. The catchment is covered mostly by permeable eolian sandy soils (about 72%) which concentrate all the vegetation, and impermeable bare soils of erosion crust  (about 25%). 

Hydrological assessments indicated  value of the runoff coefficient  lower than 40%, because of better infiltration in the sandy soils and retention of water in small topographical depressions. Annual exportation of solid matters ranged between 4 t.ha-1 and 8.4 t.ha-1. The suspended matters represented the dominant form of the solid transportation; the bed load representing less than 10% of the total solid transfer.  Sediment yields during one flood event depend mainly on the rainfall-runoff intensity and can reach up to 4.2 t.ha-1. A small proportion (25%) of the storms was thus responsible for most (80%) of soil loss. 

The simultaneous quantification of erosion  on a sub-catchment (0.3 ha) containing only sandy soils, and particle size analyses of sediments showed the importance of soil surface characteristics in the solid load transportation. On this sub-catchment, the bed load transport remained important compared to the suspended matter transport and constituted 84% of the total solid yield.

The small quantity of bed load reaching the outlet can be related to the morphological properties of the catchment (weak slope, small depressions, spatial distribution of soil surface).

The suspended matters observed at  the outlet contained 85% of fine grains (clay, loam) and came  mainly  from the  erosion crusts whereas the bed load  containing 80% of sandy grains and coarse silts  was provided by the eolian sandy soils.

The mean values of suspended matters concentrations presented highest value (up to 11 g.l-1) at the beginning of the rainy season (June) and remained relatively stable  around 3 g.l-1 from the end of July. During one flood event, the instantaneous concentrations of suspended matters at the outlet of the catchment showed  high values at the beginning of the flood (up to 30 g.l-1) and presented stable values around 2.5 g.l-1 afterwards. These features may be explained by the atmospheric dust deposits, the destruction of the superficial crusts by the trampling of animals, the soil surface reorganization and  to a lesser extent, by the vegetation cover.

�Changes in soil structure and soil sealing as a consequence�of cultivation in cambisols
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As it is well known surface properties play an important role in soil erodibility and in the process and volume of surface runoff. The role of surface  sealing and crusting is, however, different in water and in wind erosion. 

In Central Eastern Europe cambisols cover a considerable part of the surface. The objective of the present paper is (1) to investigate changes of the soil structure, especially of surface characteristics in the vegetation period, (2) to measure the role of surface crusting in soil erodibility, (3)  to study changes of infiltration in time and (4) to identify periods of high erosion risk taking also vegetation cover into account.

The applied methods include the following steps. Porosity, bulk density and infiltration measurements were carried out before and after seedbed preparation, in the initial phase of plant growth  and after the harvest. The results of these measurements identify infiltration values to be expected throughout the year, not taking the influence of individual rainfall events on soil surface structure into account. 

As infiltration and runoff are influenced by changes in soil surface characteristics, the second methodological step involved the investigation of changes in soil surface characteristics before, during and after a rainfall event by applying rainfall simulation experiments. Rainfall simulation was repeteadly performed on the dried-out surface, i.e. after the development of the surface crust.

Simulation experiments were accompanied by measurements of soil properties, i.e. measuring soil texture, clay mineral content, aggregate stability, humus and CaCO3 content. Rainfall amount and intensity were registered, too.

The uppermost layer of the soil was tested by penetrometer to investigate sealing conditions. It could be shown that surface sealing and crusting remarkably reduces infiltration but it serves as a protecting layer at the same time The volume of surface runoff increases but soil loss diminishes during the same storm.

Based on the above measurements the role surface crust in water erosion could be identified. These results were then compared with those  on the role of surface crust in wind erosion on the same soil type. Our measurements prove that the surface crust has a positive effect for wind erosion because it is a kind of protection against it. In case of water erosion it reduces soil loss, but increases surface runoff, as stated above.

�Remote sensing data and soil erosion:�an approach to the assimilation in runoff and erosion prediction models
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The erosion of cultivated soils reaches a warning level both in rate and geographical extent. It progressively reduces the potential of sustainable agriculture and it has been identified as the major type of human induced land degradation from a global perspective. A very significant effort of the scientific community is expected  for proposing new methods for improving the knowledge of soil surface characteristics  and their reliability for detection of effective  erosion or for assessing a risk of erosion. But  other “output” are also expected for selecting priority areas to be protected and for  monitoring  the efficiency of protecting measurements.

The characteristics of surface represent one of the driving parameters of the function of production, with the sharing between infiltration and direct runoff, but it is also a driving parameter for the function of transfert. Remote sensing data  can provide  specific information about those both characteristics on natural soil surfaces. 

This paper will present  firstly a brief synthesis of the parameters of soil surface which could be retrieved by various sensors of remote sensing : SPOT or Landsat TM, Radarsat or ERS, new sensors with high spatial or spectral resolution. The most retrieved parameters are in relationship with the state of bare soils, the  roughness1, the protection by residus or active vegetation, but also the  spatial organisation  and the temporal evolution of part of those characteristics2. Those data are also investigated for a direct localization of areas suffering erosion, the identification of fragile terrains degradable in a near future,  and sometimes  for a quantitative assessment of phenomena : degraded areas, soil losses, temporal and spatial distribution of erosion.

Secondly  we will show  the actual level of assimilation of the parameters  provided by remote sensing into models of erosion, either empirical model or semi-deterministic model (STREAM) 3. The most examples will be dedicated to loamy soils, in Pays de Caux (Normandie).

1 Baghdadi N., King C., Bourguignon A., and Remond A., 2000. Potential of ERS and RADARSAT data for surface roughness monitoring over bare agricultural fields. Accepted in Int.J. of Remote Sensing.

2 Blanchard E.  C. King , Y. Le Bissonnais , A. Bourguignon , J-F. Desprats , P. Maurizot , V. Souchčre 1999 Paramétrisation du potentiel de ruissellement des bassins versants au moyen de la Télédétection et des Systčmes d’Informations Géographiques Application ŕ des bassins versants du Pays de Caux EGS Etude et Gestion des Sols  6,3, pp181-199.

3 Lecomte-Morel V., King C., Cerdan O., Bourguignon A., Baghdadi N. (2001) Use of remote sensing data as alternative inputs in the stream runoff model. Physical Measurements & Signatures in Remote Sensing, CNES-ISPRS Aussois.janvier 2001  pp 699-704
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Estimates of storm runoff volumes can be made using a simple runoff threshold, SCS Curve numbers, or infiltration equations.  The Green-Ampt equation can be re-written to give a storm runoff estimate for conditions of constant rainfall intensity.  This can be seen as both an improvement on estimates made using the simple runoff threshold, although with no additional  parameters, and a good approximation to the SCS curve number family of rainfall - runoff relationships, providing an improved theoretical basis for the curve number approach and an explicit means of linking it to existing soils data on infiltration and surface properties including cross-slope and down-slope roughnesses.  The frequency distribution of intensities is examined to determine an appropriate rainfall intensity to use in this formulation.  The dominant intensity is considered to be that which occurs in long enough showers for flow to reach the plot boundary.

Hydrologically Similar Surfaces (HYSS) are defined by local runoff characteristics, and the linkage to infiltration allows an explicit comparison with kinematic routing over land areas of different area, shape and topography.  This provides the basis for up-scaling from at-a-point runoff to runoff from larger areas which are mapped as belonging to the same HYSS class, explicitly allowing for their different topography and size.  This is seen as an essential step in up-scaling data on  fine-scale surface characteristics to catchment areas.  The most important effect is that of area or slope length, which has a strong impact on the dominant rainfall intensity.

�Hydraulic soil surface condition effects on runoff and soil erosion�from interrill areas
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In interrill areas, soil aggregates are mainly detached by raindrop impact and transported by raindrop-impacted shallow surface runoff. Initial soil surface conditions have a big impact on these processes.

Objective of the experiments was to study the effects of different initial hydraulic soil surface conditions on runoff, splash and soil loss under controlled laboratory conditions for six different Austrian soils.

Soil textures ranged from silty clay loam to silt loam, with clay contents from 100 to 310 g kg-1, silt content from 460 to 730 g kg-1, organic carbon content (OC) from 8 to 10 g kg-1 and cation exchange capacity from 8.0 to 15.4 cmol kg-1.

Soils were air dried, sieved through a 20-mm sieve and placed in a 1.2 x 1.2 m erosion pan. Soils were then placed under a multiple intensity rainfall simulator. Three initial soil conditions were investigated: 1) air-dried surface of loose soil aggregates, 2) wet and sealed surface 24 h after initial rainfall, and 3) dry and crusted surface appr. 10 d after preceding rainfall. Simulated rainfall intensities were 40, 60 and 80 mm h-1 and duration ranged from 60 to 120 min. Deionized water was used for all runs. Runoff, wash, splash water and splash sediments were measured in 5 min intervals throughout all rainfall events.

Runoff (R) coefficients were lowest for initial dry soil surface condition with values between 0.496 ad 0,795. For initial wet condition significant higher runoff coefficients were measured for all investigated soils (0.683 – 0.876). For initial crusted surface condition, investigated soils showed different behavior in runoff. For soil with clay contents higher than 31% infiltration decreased with each consecutive rainfall due to continuous aggregate breakdown and increasing surface sealing. Therefore they had highest R coefficients at crust run. Soils with less than 31 % clay content showed no significant R increase from wet to crust run. 

Average measured sediment yields during last 15 min of all runs reached from 0.65 to 1.53 kg m-2 h-1. For all soils lowest sediment yield was measured for initial dry condition. For wet and crust runs, soil had similar behavior for interrill erosion as for runoff. Increasing runoff from wet to crust run resulted in increasing sediment yield, while no increase in runoff from wet to crust condition led to decrease in soil loss due to increase in shear stress from initial wet to initial crusted condition.

�Dynamics of surface and subsurface flow in convergent hollows :�the results of a rainfall simulation and modelling approach.
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This paper reports results from field experiments and hydrological modelling on the dynamics of surface and subsurface runoff generation in highly convergent parts of the landscape. The example chosen lies within a logged forest catchment in southeastern Victoria Australia and is common of the topography surrounding ‘wet areas’ adjacent to first order stream channels. A series of large-scale runoff experiments were conducted to assess the effect of topography and antecedent moisture content on surface and subsurface runoff generation and consequent sediment transport in these areas. Surface runoff and sediment transport was generated only at very high rainfall intensity rates that exceeded a 1:100 year event during the simulated experiments due to the high infiltration rates of the deep soils. Notably, hydrophobicity of soil aggregates appeared to promote rather than hinder infiltration by bypassing much of the A horizon soil matrix and percolating to lower horizons. Deep lateral subsurface flow into the stream channel was observed two days after the simulations had ceased. 

Modelling was used to further understand the dynamics of the observed subsurface flow and test the impact of soil disturbance under a range of conditions. A distributed parameter physically-based model (Topog) was used to investigate relationships between surface and subsurface runoff generation and soil, climate and disturbance factors, notably the redistribution of runoff from compacted surfaces.

�Variability of soil surface characteristics influencing interrill erosion processes in cultivated catchments

Yves Le Bissonnais 1, Olivier Cerdan 1, Véronique Lecomte 1,3, Hassane Benkhadra 1, Véronique Souchčre 2, Philippe Martin 2

1 INRA, Science du Sol, Avenue de la Pomme de Pin, BP 20619 Ardon, 45166 Olivet Cedex, France�2 INRA-SAD APT, Route de Saint-Cyr, 78026 Versailles cedex, France�3 present adress: BRGM, ARN, 3 Avenue Claude Guillemin 45060 Orléans Cedex France�Corresponding author: Email: Yves.Le-Bissonnais@orleans.inra.fr

Extensive soil surface observations and measurements were conducted on loess soils prone to surface crusting in order to apprehend the spatial distribution and temporal variability of soil surface conditions parameters involved in erosion processes. A database composed of more than 5000 soil surface observations at the field or plot scale was analysed. We established a classification of these observations according to combination of the three dominant controlling factors: crusting stage, roughness and surface cover. The frequency analysis shows that three combinations of these factors account for more than 50% of the total observations. Eight other combinations account individually for more than 2% of the observations. These dominant and secondary combinations are considered as “reference surface condition”. Their potential range of infiltration capacity and sediment production were estimated from field measurements under natural and simulated rainfall. This work allowed to develop a new approach for erosion prediction modelling and give references for the development of erosion equation.

�Aggregate stability as an indicator of interrill erosion processes

Sophie Leguédois, Yves Le Bissonnais, Odile Duval

INRA - Unité de Science du Sol, Avenue de la Pomme de Pin, BP 20619, Ardon,45166 Olivet cedex France – Tel: 02.38.41.78.00 – Fax: 02.38.41.78.69 E-mail : sophie.leguedois@orleans.inra.fr

Sediment and interrill erosion characteristics are related with soil properties that are generally referred as erodibility concept. In this work we assume that erodibility may be described by aggregate stability measurements. Thus the aim of this study is to examine the relationship between aggregate stability, soil erodibility and sediment size distribution together with soil surface characteristics observation.

This study is based on rainfall simulations at 1 m˛ scale.

20 different French cultivated soils were selected so as to cover a wide range of aggregate stability and soil erodibility. The texture ranges from sand to clay loam and silt with a majority in silt loam texture. The organic matter content ranges from 2 to more 6 g/100 g.

The aggregate stability tests are performed with the procedure presented by Le Bissonnais (1996) in order to characterize original soil. Rainfall simulations are performed on air-dried soils in small plots of 0.25 m˛ (0.5 ( 0.5 m) with a 5 % slope. The rainfall intensity is about 30 mm.h-1. For each experiment, runoff volume and sediment discharge are measured and two sorts of runoff samples are collected: one for aggregate size distribution, another for primary particle size distribution. Aggregate size distribution of sediment transported in runoff flow is assessed with a laser diffraction particle sizer. Others samples are chemically dispersed and analyzed as well for primary particle size distribution.

The results of aggregate stability tests are related with the parameters that characterize erosion sub-processes, e.g. time to runoff, runoff coefficient, sediment concentration and sediment size distribution. First results on clay soil show that the main part of aggregates transported by runoff flow is less than 500 µm size. There is also a temporal evolution of the aggregates size distribution.

Keywords: soil erosion, rainfall simulation, aggregate stability, sediment, detachment

�Erodibility as affected by temporal changes in soil condition

G. J. Levy, A. I. Mamedov  and I. Shainberg
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Soil erodibility has been considered to depend  on soil permanent properties (e.g., texture, mineralogy, pH, sesquioxides, organic matter content, etc.), and to a much lesser extent on  temporal  changes that occur in soil. This presentation discusses  the dependence of  interrill and rill erodibility on wetting rate and aging duration (i.e., the time between wetting and exerting an external force on the soil), respectively. Fast wetting of soil aggregates leads to their slaking. Prolonged aging (days) enhances the development of cohesive forces between particles and thus contributes to aggregate stabilization. Interrill erosion was studied in a laboratory rainfall simulator; rill erosion was studied using mini-flumes. The effects of wetting rate  and aging on runoff and erosion depended on soil texture. Soils with >30% clay were susceptible to wetting rate; erodibility in these soils increased with an increase in wetting rate and decreased with prolonged aging. Slow wetting reduced interrill erosion in clay soils to <10% of that obtained in fast wetting. Similarly, prolonged aging decreased rill erodibility of sandy clay by an order of magnitude compared with short aging duration. On the other hand, interrill and rill erosion from loamy sand and loam were significantly less affected by wetting rate and aging than the fine-textured soils. It is postulated that effects of temporal changes in soil conditions on its erodibility may explain the inconsistent and often conflicting results reported in the literature regarding erodibility of soils.

�Effects of soil properties, tillage and weather on permeability, runoff and soil losses in  South-Eastern Norway.

Helge Lundekvam

Agricultural University of Norway, Dep. of  Soil and Water Sciences, Box 5028, N-1432 Ĺs, Norway.�Phone +4764948282, Fax +4764948211, E-mail: helge.lundekvam@ijvf.nlh.no

By “Soil Surface” I understand the entire soil profile. This is because infiltration, surface runoff and soil loss may be affected by low permeability  layers at different depths, by frost in soil down to over 50 cm, by tillage and artificial subdrainage as well as different cover on top of the real soil surface.

Surface and drain runoff, soil losses, infiltration, surface roughness, aggregate stability, surface cover, soil water tension, soil temperatures have been studied in 5 erosion plot trials on different soil types by different tillage systems in Southeastern Norway. Soil types: A) artificially levelled silty clay loam, B) loam with high aggregate stability and C) clay. Observation period  1987-2000 for some variables at one site, but shorter periods for others. Normal precipitation at Ĺs is 785 mm/year with maximum august-november, while yearly normal temperature is 5.3 degrees Clecius (monthly: –4.8 to 16.1). Frost in soil occurs every winter.

Mean values for surface runoff 1994-2000 for the 5 sites was 100 to 330 mm/year by plowing autumn and 155 to 250 mm/year by notill in autumn. There were interactions between soil type and tillage concerning surface runoff. On erodible soils (A) surface runoff was higher by autumn plowing than by notill in autumn while the oppsite was the case on less erodible soils (B). Most of the surface runoff was due to frost in soil, but considerable runoff also occurred in rainy autumns due to saturation, especially on soil (A). Soil losses also were high due to rain and snowmelt on frozen ground, but rain on nonfrozen soil in autumn was often equally or more important,especially on soil (A).

Mean soil losses 1994-2000 were 150 to 7000 kg/ha/year by autumn plowing and 100 to 800 kg/ha/year by notill in autumn. Thus, there were considerable differences in soil losses between soil types due to large differences in erodibility and also surface runoff. The differences in soil erodibility  could be explained by differences in texture, structure, soil organic matter, water stable aggregates and land levelling. Land levelling by bulldozers results in less topsoil, reduced permeability and increased erodibility. Notill in autumn reduced soil losses very efficiently compared to plowing in autumn due to more plant residues and soil consolidation during autumn, winter and spring.

Winter wheat after plowing and harrowing on the other hand generally increased surface runoff and often also soil losses compared to autumn plowing, due to reduced surface roughness and surface storage and often lower infiltration rates than by autumn plowing.

On soil (A) infiltration rates between 0,5 and 1 mm/hour were found on unfrozen soil in rainy autumns by autumn plowing. On the same soil infiltration rates were 1-2 mm/hour by notill in autumn. Surface runoff was sometimes also measured on soil (B) by unfrozen conditions due to saturation and low permeability in deeper layers. 

During periods with moderate frost and little snowcover, double amount of straw significantly reduced frost depth and surface runoff  compared to plots where straw had been removed. However, soils thawed faster from the top and also dried faster in spring after autumn plowing  compared to soil covered with plant residues.

�Le travail de la terre dans le facičs marneux�du bassin  versant de l’Isser (ouest Algérie)�Effets sur les états de surfaces et l'érosion hydrique.�Synthčse de travaux de la station I.N.R.F de Tlemcen-Algérie

Baghdad Maachou

Les services techniques Algériens ayant décidé de revoir leur approche quant au traitement du phénomčne de l'érosion hydrique dans les montagnes du Nord du pays, ont lancé a partir de 1988  un programme de recherche pour définir d'autre méthodes plus appropriées au terroir Algérien.    A cet effet l'I.N.R.F (Algérie) en coopération avec l'O.R.S.T.O.M ont effectué  des travaux d'éxpéimentation.

1. Présentation de la zone d'étude : la station I.N.R.F de Tlemcen été chargée de mener a partir de 1990 ces travaux sur le B.V de  l'ISSER (1139Km˛) situé en zone semi aride dans l'un des sous bassins prédomine le facičs Marneux (s/bassin Sidi Med Cherif)-321mm de pluviométrie -la synthčse des travaux que j'ai l'honneur de vous présenter sont l'ouvre de chercheurs de la station et de chercheurs associes Algériens et étrangers.

2. Le travail de la terre : Les terres de montagnes, męme de trčs forte pente ayant été défrichées, leur utilisation permanente pour l'agriculture en fait une zone névralgique surtout en facičs marneux.         Dans notre zone d'étude l'agriculture est basée sur la céréaliculture associée a l'élevage ovin et accessoirement bovin -Mis a part les parcelles en jachčre, ou pacagent en permanence  les moutons, la terre est labourée durant la saison sčche pour profiter d'éventuels orages. Malheureusement  les labours sont effectués a 80% au tracteur pneumatique (20% en chenilles) dans le sens de la pente préparant ainsi le lit de l'érosion en griffes. Les outils utilisés sont le cover-crop, la  herse et peu le trisoc porté. Il en résulte une surface rugueuse mais dont l'intéręt  pour l'infiltration est annulé par la pente .Au niveau de la surface a noter également le manque quasi total de couverture par les pierres (3%) sauf dans les secteurs ou affleurent des bancs calcaires ou gréseux. Le phénomčne de l'érosion hydrique, combiné  parfois a l'érosion éolienne (pour les éléments trčs fins) est aggravée par le manque de matičre organique laissée ou rapportée. Un  apport de compost a permis le doublement du rendement d'une parcelle de poix-chiche grâce a l'amélioration de la stabilité structurale et de l'infiltration des sols. Les parcelles en jachčre: Elles sont fortement tassées et donc ont des surfaces complčtement fermées empęchant pratiquement toute infiltration des premičres pluies. Les chemins usuels des bergers constituent les futures ravins par suite de dégâts mécaniques dues troupeaux.

3. Quantification de l'érosion :Dans la zone considérée les travaux de Mazour (1992) et Chebani (1995) confirmées par E.Rose indiquent que l'érosion en nappe n'est pas trčs élevée sous culture (1 ŕ 3t/ha/an) et męme sur sol nu. Ainsi il apparaît que plus le sol est travaillé, convenablement s'entend, et moins il est susceptible ŕ l'érosion et donc productif.

4. Conclusion : La quantité et la qualité des travaux culturaux apportées dans les sols marneux conditionnent les caractéristiques de leur surface et par la męme, soit leur mise en valeur pour la production agricole, soit leur destruction pour aggraver le phénomčne naturel de l'érosion.

Mots clés : Algérie-erosion-sols marneux, labours, infiltration 

�Dynamic evolution of soil surface structure�and unsaturated hydraulic conductivity of a developing crust

Malam Issa O., Cousin I., Le Bissonnais Y., and Quetin P.
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Crusting of soil surface is the dominating factor in controlling infiltration capacity, particularly on loamy soils which are characterised by a low aggregate stability. Because of the agronomic and environmental consequences of such soil surface features, many works have been carried out in order to model and predict the effect of crust formation on water movement through crust. However most of such studies have ignored temporal variability of crusts hydraulic properties. 

Here, the unsaturated hydraulic conductivity of developing crusts was studied in laboratory experiments by using a new device, the drip infiltrometer, which enables to simultaneously form crusts at the surface and to measure the sub-crust pressure head. 

The objectives of the experiments are to understand the dynamic evolution of the crust and the subsequent change of its hydraulic conductivity. Furthermore the collected data can be used with a model of infiltration developed for well-formed crust. 

Two soil samples of contrasting behaviours with regard to crusting have been studied: a silt loam soil of high susceptibility to crusting and a clayey soil which is more resistant. The analysed samples consisted of 20 cm diameter x 20 cm long soil columns obtained by packing 2cm-sized aggregates in a cylinder. The crusts were formed under two rain intensities of different kinetic energies which allowed to identify five stages of formation: initial stage where no crust formed, 2 stages obtained by application of a 40 mm/h rainfall during respectively 2h30 and 20 h with the drip device placed closed to the soil surface and, 2 stages obtained after 2h and 3 h under rainfall intensity of 70 mm/h delivered by a 2 m-height rain simulator. 

The gradual evolution of the crust through the different stages results in the decrease of the hydraulic conductivity by 38 to 50 %. During the first two stages only the silt loamy soil shows significant changes in hydraulic conductivity values. These results demonstrate the dynamic nature of the crusts surface, they may be useful in modelling water movement at different stages of the evolution of soil surface structure.

�Microbiotic soil crusts in the Sahelian part of Western Niger�and their influence on soil-water dynamics

Malam Issa O.1, Défarge C. 2, Trichet J. 2  and Valentin C. 3

1 INRA, Science du sol, Avenue de la Pomme de Pin – BP 20619 – 45166 Olivet Cedex France�2 ISTO,  UMR 6113 CNRS-Université d’Orléans, BP 6759, 45067 Orléans cedex 2, France�3 Christian Valentin IRD - Ambassade de France BP 06 VIENTIANE RPD LAOS�Corresponding author : Email : Oumarou.Malam-Issa@orleans.inra.fr

Microbiotic crusts are common feature of the soil surface of fallow land and tiger bush ecosystem in western Niger. They lie adjacent to completely bare ground as an organo-mineral complex resulting from the colonisation of soil surface by a community of micro-organisms dominated by cyanobacteria. The objectives of this paper is to show the role of these crusts as soil cover of the Sahelian landscape, in particular as concerns water movement and erosion processes.

A combination of microscope examinations, measurements of porosity and water retention, and experiments on soil aggregate stability of these crusts revealed their micromorphological characteristics and physical properties. They consist of an intricate superficial network of filamentous cyanobacteria and extracellular polymer secretions, which binds and entraps mineral particles on the soil surface. They exhibit specific pores (1-10 mm in diameter) formed by the microbial organic components. Aggregates from microbiotic crusts have greater stability against dispersion than aggregates from bare soil, and a water retention capacity which is 4 to 5 fold higher. 

Runoff and soil loss measurements taken in the field show that microbiotic crusts significantly reduce the total amount of material eroded by water. However microbiotic crusts significantly increase superficial runoff on the soil surface. The resistance against water erosion is likely due to the trapping and gluing effect of cyanobacteria and derived organic matter. In particular, formation and resistance of soil aggregates appear to be favoured by their organic constituents. The runoff generation at the surface of microbiotic crusts comes from the geometry of the specific pores and from its functioning, which is closely related to the water holding capacity and the hydrophobic nature of cyanobacterial components.

Microbiotic crusts in the Sahelian landscape of western Niger help in forming stable substrata. They also contribute to the generation of a run-off-run-on system which favours the capture of limited water resources.

�Soil surface characteristics effects on infiltration on black marls hillslopes (The Supersauze Earthflow, Alpes de Haute Provence, F)

J.-P. Malet1, A.-V. Auzet1, O. Maquaire1, B. Ambroise1, L. Descroix2,�M. Esteves2, J.-P. Vandervaere2, E. Truchet1

1 Centre d'Etudes et de Recherches Eco-Géographiques (CEREG),�FRE2399 ULP-CNRS-ENGEES, 3, rue de l'Argonne, F-67083 Strasbourg Cedex, France.�2 Laboratoire d'Etudes des Transferts en Hydrologie et Environnement (LTHE),�UMR 5564 CNRS-UJF-IRD-INP, BP 53, F-38041 Grenoble Cedex, France.

The water infiltration on black marls hillslopes is a key question in understanding thresholds in geomorphological processes like earthflows. Landslides dynamics is strongly dependant on the 3-D structure and characteristics of the weathered superficial formations and on hillslope hydrological processes. The Super-Sauze earthflow, representative of the black marls landscapes of French Southern Alps has been investigated and equipped since 1990 to characterise the earthflow kinematics in relation to climatic and hydric conditions.

Despite relatively homogeneous soil texture characteristics, evidence of spatial differences in the water partition between infiltration and runoff at the soil surface were observed under natural rainfall, even during very wet periods. Thus, neither texture, nor water content could explain such a spatial variability. Soil surface characteristics (SSC) are highly variable and several types are easy to be roughly identified and mapped, using an “expert” approach.

The main objective of this study was to investigate the influence of Soil Surface Characteristics on hydraulic conductivity of black marls. 12 variables were selected according to the present day knowledge about the main factors acting generally on water infiltration. A survey was made on microplots representing a large range of SSC. Description of relevant variables of SSC has been associated to infiltrometry measurements.

The ascending classification made on the descriptive data allowed to define groups which corresponds to identified a priori types of SSC. In situ tension disk infiltrometry made at water suction of -10 and -30 mm of pressure head and saturated hydraulic conductivity measured on undisturbed soil cores lead to conclude that SSC types account for significant differences in hydraulic conductivity on soil surface of black marls hillslopes.

Moreover, the SSC typology proposed and the hydraulic conductivities measurements done allowed to propose a key to distribute local hydraulic conductivities values. These results could lead to a better representation of spatial distribution of local hydraulic conductivity properties.

�Management of soil surface characteristics�for soil and water conservation

Philippe Martin
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This key note analyses, from an agronomic view point, the way the soil surface characteristics may be managed for soil and water conservation purpose. First, one has to understand in what way farmers’ practices modify the soil surface characteristics and thereby may influence the erosion phenomenon. Second, one has to find a range of agricultural techniques that may improve the situation. Last, one has to analyse the leeway farmers have to adopt the new techniques without facing major difficulties.

The way farmers’ practices modify the soil surface characteristic must be considered at various spatial scale, from the metric pattern produced by the agricultural tools, to the network of field boundaries, headland and dead furrow at the small-catchment scale. Various temporal scale (yearly, daily) must also be taken into account. The range of agricultural techniques that may improve the situation can be of different nature. Some are limited to cultivation techniques, other are a combination of both cultivation techniques and water management techniques. As erosion phenomenon may be different from one region to another, the good practices may also differ in the same way. The analysis of farmers leeway towards the adoption of more favourable techniques is complex. It requires a cross view-point from both technical and social sciences. Agronomist and agro-economist can precise the impact of the technique on the farmer income or the work organisation whereas sociologist can underline the farmer integration into local formal-or-informal extension groups that can be of a great interest for a more relevant understanding of the farmers behaviour towards the adoption of more favourable techniques.

�Application of the physical based erosion prediction�model EROSION 2D/3D.�Empirical approaches to determine model-parameters

Anne Michael and Jürgen Schmidt

TU Bergakademie Freiberg, Agricolastr. 22, D-09599 Freiberg, Germany�e-mail: a.michael@ioez.tu-freiberg.de

EROSION 2D/3D is a process orientated, physically based model to simulate soil erosion and deposi�tion referring to single events. The model calculates runoff, erosion, deposition and the contents of clay and silt within the erosion sediment at the slopes (EROSION 2D) resp. in river-catchments (EROSION 3D). EROSION 2D/3D was particularly developed to advise farmers and for local and regional practical planning purposes.

The aim of this project was to determine model-parameters. Several procedures for experimental parameter determination are specified (e.g. rainfall simulation). The parameters were investigated in respect of their variability in space and time. The effects of different types of land use and agricultural management practices on soil surface are accounted by varying the soil parameter values. A parameter catolog is compiled, which contains avarage soil-parameters with respect to different management practices and crops. 

The rainfall parameters of Saxony are based on data from German weather service formed up as years of reference and extreme events.

The paper contains several applications of EROSION 2D/3D on the basis of the newly developed approaches to determine the model-parameters.

Spectrum of soil investigations

Field studies: 	flow velocity, overlandflow, sediment yield, soil structure�Derivated data: erodibility, skinfactor, Manning’s n

Laboratory analysis (soil samples):	particle size distribution, soil moisture, bulk density, �content of org. C, cover rate

�Infiltration envelopes for different uses and vegetation covers�of a ferrallitic soil in Southern Rwanda.
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It has been observed during rainstorms that the ferrallitic tropical soil, generally occurring in Southern Rwanda, shows marked differences in the production of runoff in function of the physical state of the soil and of its use and vegetation cover. It has been shown that:

1)	it can be assumed that water tables in Rwanda are slowly falling due to the initiation of hillslope and valley gullying since Late-Holocene times;

2)	diffuse and gully erosion generally is fed by areas, small in surface but producing high amounts of runoff.

Therefore, a clssification of soil use and physical soil state in terms of runoff production or in terms of infiltration capacity could lead to valuable recommendations in terms of soil use to tackle these problems.

Although simple visual observation allowed a first classification in function of runoff production, a more objective method to determine the relation between soil states and runoff production was needed. In first instance ring infiltrometer measurements have been tried. It appeared, however, that the hydraulic conductivities, as measured in the field, were much to high. On a place where runoff had been seen to be produced, the hydraulic conductivity at the surface amounted one day after the rain to nearly 10 cm/sec, being the equivalent of a rainfall intensity of about 350 mm/h. This irrealistic value shows that this type of measurement cannot be used to estimate the infiltration capacity of a soil during a rain.

In order to measure the infiltration capacity in more realistic conditions, a portable rainfall simulator of the dripscreen type has been used. Infiltration envelopes have been established. the procedure consisted in measuring the time to ponding on a 1m˛ plot, subjected to simulated rainfall at a constant intensity. This procedure was repeated 4 to 5 times, every time on a dry 1m˛ plot with the same soil state and slope (10°), but every time at a different simulated rainfall intensity.

The results show that time to ponding is lowest on nearly complete bare and stoney ground with a slaked surface and a microtopography of small hydraulic steps. The infiltration capacity was highest on a parcell of small harricots, giving a 30% ground cover, but the soil being freshly hoeed. Furthermore, the higher the water content of the soil, e.g. due to precedent rain, the lower time to ponding.

�Impact of soil characteristics on the spatial and temporal organization of concentrated flow erosion on loess-derived soils.

Nachtergaele J., Poesen J.

Laboratory for Experimental Geomorphology, K.U. Leuven, Redingenstraat 16,�B-3000 Leuven, Belgium.�Tel: +32 16 326425, Fax: +32 16 326400, E-mail: jean.poesen@geo.kuleuven.ac.be

This paper aims at providing a simple tool to describe spatial and temporal variations in soil erodibility for loess-derived soils. A series of concentrated flow detachment experiments have been conducted on four different soil horizons that are typical for loess-derived soils in central Belgium. Undisturbed soil samples were subjected to five combinations of slope gradient and concentrated flow discharge. Soil horizons were sampled seven times during one year, so as to obtain a representative range of initial soil moisture contents for each studied horizon. Results showed that for a given initial soil moisture content the ploughed topsoil horizon (Ap) and the underlying clay-enriched horizon (Bt) were at least five times less erodible than the decalcified loess horizon (C1) or the calcareous loess horizon (C2). For a given soil horizon, soil erodibility (kr) was negatively related to variations in initial soil moisture content (GMC) following the relation kr = n*[GMC]2 – m*GMC + p, where n, m and p are regression coefficients. From the spatial and temporal distribution of soil profiles and initial soil moisture content, the observed variations in resistance to ephemeral gully erosion for loess-derived soils could be explained. The results of this study have important implications for modelling spatial and temporal variations in (ephemeral gully) erosion in the short term, and for evaluating and assessing (ephemeral gully) erosion risks in the medium to long term.

Keywords:	concentrated flow detachment rate, soil horizon, initial soil moisture content, loess-derived soil, ephemeral gully erosion.

�Experimental and numerical analysis of tillage and rainfall effects on infiltration in cultivated soils of Senegal.
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Tillage and rainfall modify hydraulic properties of agricultural soils. These modifications will effect movement of water. The objective of this study was to quantify the effects of tillage and rainfall on the infiltration and the runoff production in a groundnut field in Senegal.

Rainfall simulation experiments were conducted on ten runoff plots (1m˛) during the dry season. Tension infiltrometer and tensiometers were used to determine the steady state of the infiltration flux and the hydraulic conductivity near the saturation of the upper soil horizon (10 cm). The plots were subjected to different rainfall amounts (up to 175 mm). Two conditions were tested: tillage direction across the slope (site A) and tillage direction along the slope (site B).

Steady state infiltration rates range from 29 to 4 mm h-1 and runoff coefficients from 0.1 to 0.61. Results showed that teh soil infiltrability was significantly decreased by cumulative rainfall only when the tillage direction is along the slope. The steady state infiltration rates are not statistically different when the tillage direction is accross the slope. Large differences in infiltration are attributed to the development of different surface crusts.  

The hydraulic conductivity values combined with data obtained from laboratory experiments (Wind evaporation method) were used to parameterise a physically based infiltration model. The results of the simulation compare favourably with the observations made under natural conditions during the 1997 rainy season.

�Evaluation of a soil aggregate stability test (Le Bissonnais, 1996) for loamy cultivated soils of central Belgium

Teddy Ntedika Tsasa and C. Bielders

Université Catholique de Louvain, Dept. of Environ. Sci. and Land Use Planning,�Croix du Sud 2/2, B-1348 Louvain-la-Neuve, Belgium, email : bielders@geru.ucl.ac.be

Soil erosion processes are to a large extent influenced by surface characteristics directly or indirectly related to soil aggregate stability.  Aggregate disaggregation following wetting or drop impact modifies the soil infiltration rate and surface roughness, and controls particle supply in interill erosion processes.  However, the identification of aggregate stability indices suitable within the context of soil erosion studies has proved difficult.  Aggregate (in)stability tests can be distinguished on the basis of their action : disruption of the aggregates by altering the main binding forces or agents, or disruption of aggregates by subjecting them to controlled external forces. Recently, Le Bissonnais (1996) have proposed a methodology based on 3 aggregate pre-treatment processes that are meant to reflect the main disruption processes that aggregates can be subjected to under field conditions : rapid wetting, as may occur during intense rainstorms or flood irrigation; slow wetting, corresponding to low intensity rainstorms; and mechanical disruption by shaking.  Whereas the former two tests are aimed at evaluating the role of differential swelling, slaking and air entrapment in aggregate disaggregation, the latter test is a substitute for the mechanical disruption that may occur, for instance, as a result of drop impact.

Like all analytical procedures, the methodology proposed by Le Bissonnais (1996) relies on the standardisation of a number of procedures, such as soil/solution ratio, submersion time, rate of wetting, shaking energy, etc…  The present study was undertaken with a dual purpose : to evaluate the adequacy of the standards proposed by Le Bissonnais (1996) for cultivated loamy soils of the loam belt of central Belgium, and to evaluate the potential of the methodology for discriminating between differing land management treatments.  For this purpose, soil samples where collected from a cultivated, 9% slope field at the Agricultural Experimental Station of UCL at Marbaix.  Prior to sampling the field had been uniformly cultivated with a triennial crop rotation of beets-wheat-winter barley.  In the Fall of 2000, a fully randomised experiment was setup with 2 treatments : a biennial wheat-beet rotation, with or without a rye cover crop preceding the beet crop. Both crops were present each year and repeated 3 times.  Undisturbed soil samples where collected to a depth of 10 cm on February 2001 from uncropped areas for methodological testing.  Additional samples were taken in February, March and May 2001 to evaluate the effect of crop management.  All samples were stored in air-dry condition, separated into three aggregate size classes (1-2, 2-4 and 4-8 mm), and dried at 40°C before testing.  All tests were repeated on 5 subsamples.  All tests were carried out as described by Le Bissonnais (1996).  The slow wetting test was evaluated for the pre-wetting duration and wetting suction (0 to – -5 hPa).  The rapid wetting test was evaluated for the duration of submersion (5 – 60 min).  The mechanical test was evaluated for the number of end-over-end shakings (4 to 40 shakings).

Results will be discussed in terms of the aggregate size distribution and mean weight diameter. Methodological tests will also be evaluated in terms of minimum variance among repetitions.

�Rock fragments in cultivated soils in northern Ethiopia: spatial distribution and effect on soil loss reduction
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Although rock fragments at the soil surface and within the topsoil play an important role in desertification control in semi-arid environments, little is known about their spatial distribution. This poster presents the analysis of spatial patterns of rock fragment cover along catenas and the vertical variations in volumetric rock fragment content in soil profiles in the highlands of Tigray, northern Ethiopia. Natural and anthropogenic processes inducing these patterns are assessed. Volumetric rock fragment content (RV) was analysed in 10 soil pits. All rock fragments were extracted, and their volumes determined by pedo-stratigraphic unit, size and lithology. The rock fragment cover (RC) was determined by the point-count method using vertical photographs of the soil surface. The following processes contribute to the vertical variability of RV: (1) in Vertisols, upsqueezing as a consequence of swell-shrink cycles (argillipedoturbation) is responsible for high RC at the soil surface; (2) large rock fragments (>7.5 cm) are rapidly brought to the soil surface by kinetic sieving through tillage, even in the case of continuous fine sediment deposition, what may result in a rock fragment rich subsoil, underlying a thick soil layer (up to 80 cm) without large rock fragments and a topsoil with a high RC at the surface; (3) Skeletic Regosols at the foot of cliffs show no systematic vertical rock fragment distributions. With respect to the lateral displacement processes: (1) lateral transport over the soil surface by trampling, tillage and concentrated runoff, especially on steep slopes, and (2) rockfall from the cliffs. As to rock fragment cover along the catena, some fundamental differences appear between the basalt and limestone substrate. On the basalt catena with slope gradients between 0.06 and 0.42 m m-1, RC is high everywhere (57 - 85 %) and is unrelated to slope gradient. Vertical processes such as kinetic sieving through ploughing and argillipedoturbation determine the rock fragment distribution at the soil surface. In limestone areas, argillipedoturbation is less active and RC is positively correlated with slope gradient (R˛ = 0.74; n = 6; P < 0.05), when only the rock fragments (0.5 - 2.0 cm across) are considered. Including the larger (> 2 cm) and more kinetic sieving sensitive rock fragments lowers R˛ to 0.46 (n = 6; n.s.).

Nowadays, large amounts of rock fragments of all sizes are removed from fields for soil and water conservation works. Semi-structured interviews indicate that the farmers are often reluctant to take away the smaller rock fragments (i.e. < 5 cm across) from their fields, since they believe these benefit soil moisture conservation and protect topsoil from erosion. A field experiment was carried out on a Vertic Cambisol (average slope: 0.125 m m-1) with a rock fragment cover of 14 %. Rock fragments were totally, partially or not removed from the 12 runoff plots (5 m x 6 m) before the beginning of the 1999 cropping season, during which a local mixture of wheat varieties (Triticum spp.) was sown. We found a significant inverse relationship between rock fragment cover and soil loss by water erosion. Removal of all rock fragments (as done for stone bund building) resulted in a threefold increase of soil loss due to water erosion. An ensuing recommendation is to rely on the farmers’ experience: smaller rock fragments should never be removed from the fields’ surface during soil and water conservation works; instead rock fragment rich soil can be used to top the stone bunds.

Keywords: Ethiopia, farmers' attitudes, pedoturbation, rock fragment cover, soil conservation, water erosion

�Strategies to reduce soil erosion and muddy flows�in the north of the Alsace (France): �a scenario study using the model LISEM.
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The catchment of the Née in the north of the Alsace (France) is prone to serious erosion problems. The catchment is strongly sloping (25% of the area has slope angles of over 15%). The soils, consisting mainly of loess (with 15-18% clay), are very sensitive to surface slaking and crusting. Moreover, about 70 % of the catchment area is used for the cultivation of maize thus lacking a protective vegetation cover in the early growing season. As a result, high intensity rainfall in the early summer can cause strong erosion, and muddy flows repeatedly cause damage to agricultural fields, the infrastructure and villages.

The aims of the present study are to provide a diagnosis of the problems and to examine the efficiency of different control strategies. To model soil erosion and surface runoff, the Limburg Soil Erosion Model was used (LISEM, version 1.68 with the Green & Ampt infiltration module). LISEM is a distributed, physically-based model that allows for scenario calculations.

With LISEM, the erosion sensitive zones and the transport routes of the water and the sediment were identified. On this basis, different combinations of erosion control measures were projected, including (a) grass strips, (b) small dams in valley bottoms, and (c) various conservation cropping systems (up to 20 % of the entire basin area).

The simulation results show that for storms with a return period (T) of 2-years, the discharge of sediment at the catchment outlet can be reduced with about 23% by applying conservation cropping systems and grass strips. However, the efficiency of these measures is much less for extreme events (7% reduction for T=10 years). Stronger reductions are possible by applying the conservation cropping systems to more than 20% of the catchment area. The application of small dams (15 in total) reduced the water and sediment discharge at the catchment outlet with 20 to 25%, for all storm types. It should be noted that this type of measure does not reduce overland flow and soil erosion itself, but only disconnects parts of the basin from the main outlet. By combining different control measures, reductions of 30 to 40% for both the water and the sediment discharge were calculated.

The results of the scenario calculations provide a basis for the construction of an integral erosion control strategy for the catchment of the Née. However, the scenario results must be interpreted with care as several problems were encountered during the application of the model. For example, the current version of LISEM does not allow for the insertion of small dams in the thalweg. A tentative, but not entirely realistic solution to this problem was found. Furthermore, the specification of the width of the grass strips did not work properly.

�Soil surface conditions during  winter-consequences for erosion processes during snowmelt.
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Under Nordic climatic conditions runoff and erosion can be high due to snowmelt and frozen soil conditions. Runoff measurements in smaller catchments ( 0.4- 3.2 ha)  showed that during a six-years period, the winter was the most important runoff period. However, there were large variations both in runoff and soil losses between the different catchmentsin the same area.

The key to understand and explain these variations are linked to surface conditions and whether the soil is frozen or not.

Snowmelt on unfrozen soil resulted in runoff  in catchments with topographical  valley depressions and in catchments with clay soils with less infiltration capasity. In smaller catchments most of the melting water infiltrated with unfrozen soil conditions. Hence, soil losses were small independently of soil surface conditions and management practices on the field.

Snowmelt on frozen soils gave totally different runoff and soil loss pattern, with surface runoff in all catchments. Under such runoff conditions soil surface conditions and especially management practices becomes important for the soil losses. Both autumn tilled soil and especially fields with winter wheat can have very high soil losses.

Extreme high soil losses occurred when additional rainfall occurred during snowmelting while the soil still was frozen. When only topsoil is thawed  high runoff amounts  can give saturated topsoil. 

In a project (1997- 2001) weather conditions during the winterperiod have resulted in several  freezing /thawing cycles. In periods soil surface may be completely covered by ice, and milder periods with rainfall on the frozen ice layer have given very high runoff amounts. Winter wheat have been especially vulnerated for erosion under such conditions, especially if a proper crop cover not was established before winter period.

During periods with extreme soil losses during winter, erosion has been registered on fields classified as having a low erosion risk, like e.g relativly flat areas with more sandy soils. The most highly erodible soils in South -eastern Norway are normally marine sediments with clays and silt, often also with steep and long slopes. Frozen soil conditions combined with heavy rainfall can change the runoff patterns  and the risk for soil losses.

The methods used for classifying  erodible soil for runoff caused by snowmelt and rainfall during frozen soil conditions needs improvement. Aggregate stability and shear strength measurements performed in spring, summer and autumn do not correlate well with measured soil losses during winter period. In on-going projects (lab. experiments) soil are frozen with different water content and then exposed for various number of freezing/thawing cycles. Preliminary results indicate that aggregate stability is reduced with higher water content and increasing number of freezing-thawing cycles.

�A diffusion equation for raindrop erosion modelling�in tillage-induced microreliefs.

Olivier Planchon 1, Michel Esteves 2, Norbert Silvera 1, and Jean-Marc Lapetite 2
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The purpose of this paper is to evaluate the possibility of using the diffusion equation for raindrop erosion modelling. We wanted in particular, to know if such a model could provide accurate interpolations of microrelief between two known dates. In a theoretical section, we show that a diffusion equation results from the assumption that soil particles follow parabolic trajectories when splashed by raindrop impacts. This equation suggests a linear relation between (z, the variation of heights z between two dates, and the laplacian Ń˛z. This relation is confirmed by data from a simulated rainfall experiment carried out in the sandy soils of the Senegalese groundnut belt. Four square plots of side 4 m each were used. They were hoed with a traditional horse-drawn three-tined hoe. Three rains of 70 mm/h, lasting 30 minutes each, were applied. An automated relief meter designed and constructed by the authors was used to measure the distribution of heights every 5 cm before the first rain, and after the first and the third rains. The mean correlation coefficient of the model was 62% for the first rain and 46% for the next two rains. Besides raindrop erosion, compaction occurred during the first rain. Adding a crude description of compaction enhanced the mean of the correlation coefficients of the model up to 70% for the first rain. Furthermore, the coefficient of variation of the four adjusted total diffusion lessens from 10% to 6%. The simulated surfaces were smoother than the real ones, which was an expected result, but the surface storage capacity was overestimated. This latter result illustrates the role of runoff in shaping the flow paths it follows and, consequently, in lessening the surface storage capacity. The main conclusion is that the diffusion equation provides a promising frame for further development of models simulating microrelief evolution during rainfall. Another conclusion is that these models should include existing routines for runoff erosion at small scale in order to simulate surfaces with realistic hydraulic properties.
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�The use and limitations of microrelief data�in estimating surface storage capacity at field scale.

Olivier Planchon and Norbert Silvera
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Surface Storage Capacity (SSC) is the mean depth of water a region can store in the depressions of its microrelief before runoff occurs at its boundary. SSC is a key factor for a number of processes related to runoff and erosion and many erosion models at watershed-rainfall scale have a surface storage parameter. This parameter is usually calibrated in the models. Many attempts have been made to estimate SSC by measuring the microrelief on a sampled area of a few square meters. Other studies have related SSC to random roughness (RR), which is a more common parameter. However, the issue of SSC is fairly recent and a rigorous definition of SSC has still not emerged. Among the issues remaining open are the following:

the relationship between SSC of a whole field, and SSC calculated on a sampled area within this field;

the space variability and the geostatistical structure of SSC, which are unknown; 

the relation between SSC and slope; the SSC of a given surface is known to decrease when the surface is tilted, but on the other hand, there is no evidence that two surfaces, from different slopes in the field, will have the same shape, and consequently the same SSC after they are slope-detrended. 

We present in this communication a geometrical model of SSC, recently published. It consists of considering the soil surface as a reservoir, which empties when tilted. The reservoir used for the model has a tetrahedral shape with right angles at the apex. It is fully characterized with three parameters: the mean depth, which is SSC, the ratio of the length in the direction of tillage over the depth, and the same ratio in the perpendicular direction. This model allows the comparison of microrelief coming from various slopes.

The model was applied to 12 plots in a groundnut field in Senegal, 1m by 10 m each, which was measured after soil tillage and after almost each rainfall. This dataset allows the study of space and time variability of SSC, optimum size of measured area, and variation of SSC with slope angle.
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�An automated device to measure flow depth and flow velocity�in interrill runoff 
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The literature about depth and velocity of rill and interrill runoff is quite large. However, theories and models draw on indirect and imprecise measurements. Flow velocity of surface runoff is most often measured with dye. This technique has many drawbacks. Among them are the following:

Measurement is indirect: the edge of the dyed wave runs faster than the flow itself and a correcting factor must be used. The correction is known not to be constant. Among other parameters, it depends on sediment load;

Only steady velocities can be captured; therefore dye tracing has been extensively used in flume studies but is inappropriate for interill runoff in complex microreliefs.

Other indirect measurements of velocity can be mentioned: hot wire anemometer techniques require a tricky calibration step in the case of very shallow flows, and electromagnetic techniques require at least a 5-cm depth flow. 

Direct measurement of flow velocity in very shallow flows can be carried out with acoustic Doppler techniques or with image analysis. Image analysis is the most promising technique but is heavy to operate, does not work in the rain, and is limited to small areas (typically one square meter).

We present here an implementation of an acoustic Doppler velocimeter (ADV). The device can operate on flows as shallow as ten millimetres, and as narrow as ten centimetres. It is held by a programmable carriage. Another probe determines the soil elevation and the water depth. Then the velocity probe is then set to the optimal position and the measurement is taken. The carriage then moves towards the next location. The whole measurement lasts about five seconds, depending on the distance between the consecutive locations measured.

The device was used to measure flow velocity of interril runoff in a natural plot of 40 m˛ during rainfall simulation.
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�Defining HYSS Based Response Units (HyssBRU)�for hydrological modelling in a semi-arid environment
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The aim of this work is to identify hydrological response units based on hydrologically similar surfaces (HYSS) for the Ortega catchment, a 2 km2 sub-catchment of the Rambla de Nogalte, SE Spain. These units are then used in a hydrological model to investigate the generation of overland flow and the connectivity of runoff pathways at the sub-catchment scale. HYSS are areas with a similar hydrological response defined by their distribution of storage and infiltration values. These are associated with land use, surface characteristics, lithology and soil properties. HYSS are defined by vertical exchanges and are independent of topography. For the Ortega catchment two predominate HYSS were identified: tree crops (almond and olive) with frequently ploughed soils and semi-natural scrubland (matorral). A series of infiltration experiments were conducted using rainfall simulation and minidisk infiltrometry techniques. This information was then used to derive the infiltration distribution within each HYSS. 

The parameters found to have greatest influence on the runoff hydrograph of a response unit were surface cover of stones, surface cover of biomass, surface roughness, surface slope, the bulk density of the soil and slope length. Surface roughness and surface slope both affect the amount of depression storage. This relationship has been investigated using a simple distributed hydrological model. An empirical relationship has been derived and is presented.  

A HYSS describes the runoff generation characteristics at a point while a HYSS Based Response Unit (HyssBRU) describes the response over a spatial unit. The effect of this change in scale is that the HyssBRU integrates the local (HYSS) response over the topography of the response unit. These modelling units therefore reflect the complexity of nature both in terms of the hydrological characteristics of the surface and the topography. HyssBRU were defined for the Ortega catchment using detailed maps of land use and a high resolution DEM. Initial modelling results of runoff generation using the HyssBRU are presented.

�Seasonal changes in regolith surface characteristics and behaviour�in a badland area in the Pyrenees

David Regüés and Francesc Gallart

Institute of Earth Sciences ‘Jaume Almera’ (CSIC)�Lluís Solé Sabarís s/n, 08028 Barcelona�Phone:+34 934095410	Fax: +34 934110012	e-mail: dregues@ija.csic.es

Regolith surface characteristics and behaviour have been investigated during a three-year period in a badland area in a Mediterranean middle-mountain area near Vallcebre (Eastern Pyrenees). In this area, preliminary work carried out through monitoring regolith temperature, moisture and bulk density, evidenced clear seasonal patterns driven by frost heaving in winter and crusting and erosion in the rest of the year.

Rainfall simulations have been performed with a small portable nozzle simulator, in order to study seasonal changes in runoff generation, erosion rates and raindrop effect on bulk density changes. The results showed that antecedent regolith moisture and bulk density control infiltration, bulk density changes and erosion rates, but these controls differed among seasons, suggesting that bulk density is an insufficient indicator in these conditions. Infiltration rate after runoff start was correlated with runoff start delay, runoff generation was therefore hardly related to regolith saturation. Erosion rates were more controlled by runoff rates than by the weakness of regolith against raindrop splash sediment detachment, and sediment grainsize increased with concentration.

As a whole result, runoff and erosion responses were relatively stable during spring and autumn, whereas wide changes in infiltration rates and sediment detachment occurred in winter and summer respectively. Experiments conducted in one single season would had lead to poorly representative, if not erroneous, results.

�Splash detachment on loess soil under different soil surface conditions.

Jerzy Rejman, Ryszard Brodowski
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Splash detachment is the first reaction of soil to the energy of falling raindrops. On initially rough soil surface, raindrops and resulting splash causes leveling of micro-relief and seal pores among aggregates. Development of sealed surfaces limits infiltration, and the access of water is transformed into shallow flow directed down slope. Splash not only provides material available for transport but also alone plays an important role in transport of soil particles, especially on interrill areas. Thus, knowledge of splash detachment mechanism and prediction its values are important for development of physically-based erosion models. The aim of the studies was to characterize splash detachment on soil developed from loess under initially tilled and sealed soil surface conditions.

Splash measurements were conducted with splash cup technique. Cups of 5 different diameter ranging from 1.6 cm to 14.5 cm were placed on erosion plots kept in bare conditions (12% slope). Each of the cup diameter class was represented by 4 replicates. After rainfall, splash cups were collected and replaced with the new ones. Then, the collected soil material was removed from cups and weighed with accuracy of 0.001g. During measurements, surface tillage implements were applied to destroy surface seal. From 11 measurement periods, splash was evaluated 4 times on tilled (aggregated) and 7 times on sealed surface. Rainfall parameters were monitored with rain gauge placed near the plots. On the basis of rainfall amount and its intensity, kinetic energy was calculated. 

Studies showed that splash amount per unit area decreased with increase of cup diameter in exponential function. Values of a parameter of the all (11) equations increased linearly with an increase of rainfall amount and its kinetic energy. The highest correlation coefficient was found between splash and kinetic energy calculated for rainfall of partial intensity above 3 mm h-1 (r2=0.95). On the contrary, the exponent b of the equations had negative values and was related to soil surface conditions. For initially tilled surface the value was rather stable (-0.28) and increased gradually with further micro-relief leveling and seal development. For rainfall event that caused rill development the value of exponent b was similar to tilled surface condition (–0.26).

�Effectiveness of vegetation barriers in marly sediment trapping.
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The cover provided by forest vegetation makes it possible to fight erosion efficiently. Furthermore, vegetation barriers can also play a major role by trapping sediments eroded upslope: there can have a filtration effect of flows through vegetation; these flows deposit sediment load as a result of a reduction of their transport energy. Deposits can then be observed upslope of vegetation barriers, on steeper slopes than those without vegetation; a few years later, vegetation can develop on these deposits and durably fix them with roots.  Consequently, vegetation located downslope of a gully can be important in reducing sediment loss at its outlet, and great quantities of eroded sediments are trapped and do not reach the catchment outlet. The objective of this study was to highlight and quantify the effectiveness of vegetation barriers in marly sediment trapping. To do this, relationships between eroded zones and vegetation barriers localised downslope have been studied in marly gullies within the Brusquet experimental catchment in the French southern Alps. The eroded zones have been characterised by their surface area and slope, and the vegetation barriers by their dimensions and species. The results show that trapping effectiveness: 1/ is mainly due to presence of herbaceous and under-shrubby layers and 2/ depends on the barrier dimension on the soil, related to the surface area of the eroded zone above. It was thus possible to propose a model for marly sediment trapping effectiveness by vegetation barriers; this model has then been tested in 38 experimental marly gullies for which the sediment productions at their exit have been studied for three years.

�Soil surface sealing and crusting on abandoned fields in the Central Ebro depression/Northern Spain – an experimental soil erosion study using rainfall simulation and thin Sections 
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Surface crusts are widespread on fallow land in the semi-arid Ebro Depression.

Different types of surface crusts develop in dependency of the amount and intensity of rainfall events and the micro and meso relief: Splash and slaking cause structural crusts on the ridges, while eroded material leads to a build-up of sedimentary crusts in the furrows. The surface crusts cause a decrease of infiltation rates and by increased runoff also expanded sheet wash and rill erosion. Due to the soil moisture deficit, the vegetation succession is retarded and the abandoned fields show only a sparse vegetation cover for years.

By rainfall simulation experiments using a small mobile nozzle type simulator (30 mn 40 mm h-1) the increased runoff on surface crusts and the erosion rate are quantified.

Thin sections are used to analyse the structure of the different crusts found across the ridge/furrow field pattern. By comparing the crusts before and after the rainfall simulations, the crust development can be documented: Infilling crusts and sediment layers up to 1 mm can be recognized, can be related to specific rainfall amounts and intensities, sealing conditions as well as runoff and soil erosion rates on the simulation plot.

�Hydrophobic and crusted mine soils.�Effects on infiltration, overland flow and erosion.
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Crusting and hydrophobic properties of mine soils play an important role on infiltration, overland flow and erosion in the Lusatian lignite mining region.

Long term high resolution measurements of meteorological and hydrological conditions as well as soil water characteristics have been conducted. Additionally field and lab experiments (water retention curves, channel flow and irrigation experiments) have been carried out to estimate parameters that determine the hydraulic and the erosion processes on dump surfaces.

The vertical flow processes may well be described by an one dimensional capacity layer model if the special conditions of crusting and hydrophobicity are considered by introducing dynamic water retention characteristics.

The water balance of a small heterogeneous watershed (120.000 m˛), consisting of water repellent hilltops and wettable channels, may be calculated by taking these shares into account without consideration of their distribution.

However, to estimate overland flow and erosion a physically based hillslope and erosion model is necessary. These clearly indicate that the pattern of hills and channels is a dominant factor to understand the hydrology of the dumpsite.

�Relationship between surface microtopography, soil hydrology, and sediment yield duing simulated rainstorms.

1 USDA-ARS National Sedimewntation Laboratory, Oxford, MS. 38655�2 ZALF, Germany�3 Dept. Civil Engineering, Univ. of Mississippi, University, MS. 38677.

Changes in soil surface characteristics during rainfall appreciably affect soil erosion rates and sediment yield. While a large data base exits concerning soil loss and sediment yield for a wide variety of soil, topographic, and  hydrologic conditions, as well as for a large set of cropping and land management practices, relatively little quantitative information is available about the effect of dynamic changes in the soil surface characteristics on these processes.This article discusses the relationship between measured changes in surface micrtopograhy and observed sediment yield data for four widely different Mississippi soils during a sequence of rainstorms with similar chracteristics. The soils are: the surface material of a Grenada soil (fine silty,mixed,thermic Glossy Fragiudalf), a deep and well drained loess soil found on the the uplands in the southern Mississippi Valley Land Resource Area; the surface material of a Atwood soil (fine silty,mixed,thermic Typic Paleudalf)., a deep, well drained soil found in the southern Mississippi Valley silty uplands land Resource Area; the surface material of a Forestdale soil (fine montmorillonitic,thermic, Typic Ochraqualf), a poorly drained, very slowly permeable Mississippi Delta soil formed in in clayev and silty alluvial sediments; and the parent material of a Ruston soil ( fine loamy, siliceous, thermic, Typic Paleudalf), a deep well drained moderately permeable soil formed in loamy marine deposits. Soil beds were prepared in a flume with a seedbed-like surface condition. The beds were subjected to a series of of 6 to 8 rainstorms of 0.75 h duration and 60 mm/h intensity. Surface microtopograpgy was determined before each rainstorm and after all rainstorms. Also, runoff rates, sediment concentration, and subsurface water potential and water content measurements were made. The data showed a unique relationship between sediment yield and a index for the surface microtopography consisting of a fairly rapid increase in sediment yield with a very rapid decrease in the microtopograph index during the early stages of rainfall after ponding. This relationship was  followed by a rapid decrease in the sediment yield with a very slowly changing index as the soil surface stabilizes. Resuts of soil water tensiometric measurements are being analyzed to determine possible relationships of  differences in the soil morphological response, rilling, to the subsurface hydrologic regime and other soil surface characteristics.

�Relationships between land use, soil surface condition and sediment�and nutrient mobilisation by overland flow�in tropical savanna woodlands of north eastern Queensland.
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It is well recognised that in tropical savanna woodlands characterised by high intensity, monsoonal rainfall patterns, overland flow can constitute a major pathway for sediment and nutrient losses. There is evidence that these processes can be greatly intensified following the advent of grazing by cattle, with associated changes in ground cover and fire regimes. In tropical savanna woodlands, infiltration is predominantly affected by the extent to which the soil surface is crusted or soil structure has declined, in particular as levels of cover decrease and incidence of hoof compaction increases. Entrainment of sediments and nutrients in turn is controlled by the dynamics of overland flow, which is also strongly affected by soil surface conditions and level and quality of vegetative cover, as well as being determined by soil properties related mainly to texture. Until recently, little quantitative data was available for many parts of North Australia, even in the more intensively grazed rangelands of northeast Queensland.

A two stage approach was taken to improve our understanding of relationships between land use, spatial distribution of vegetation and soil surface condition patches, overland flow, sediment and nutrient mobilisation. In the first instance, rainfall simulation was chosen as the main tool to determine key parameters delineating overland flow generation, sediment detachment and nutrient discharge. A total of 54 individual rainfall simulation experiments were carried out on four sites with similar soil hydrology, but contrasting in land use history and expression of soil surface condition. At each of the study sites the following general procedures were adhered to:

Identification and categorisation of easily distinguishable soil surface conditions

Rainfall simulation experiments to determine infiltration, sediment and nutrient discharge

Determination of key vegetation and soil parameters 

This data was utilised to construct pedotransfer functions and to parameterise a 2-dimensional overland flow routing model to analyse relationships between spatial distribution of vegetation patches and landscape ‘leakiness’ at the hillslope scale. 

Infiltration rates (as a measure of susceptibility to generate overland flow), concentration of suspended sediments and nutrient concentrations after 30 mm of rainfall application varied significantly between soil surface conditions at all sites, mainly as a function of grazing induced differences in ground cover and soil bulk density. The results indicate the importance of cryptogam crusts in stabilising the soil surface in tussock systems and maintaining comparatively high infiltration rates, even under bare conditions. Generally, hoof disturbance disrupts cryptogams, leading to the formation of erosionally far less stable surfaces with the genesis of less permeable structural or erosional crusts, producing patches of high runoff, sediment and nutrient discharge. 

Thresholds for landscape ‘leakiness’ were sensitive to cover and soil bulk density interactions, with current levels of grazing intensity clearly above sustainable thresholds of overland flow generation and sediment and nutrient discharge. More importantly, the complete absence of grazing pressure over a decade or more yielded values of overland flow and sediment and nutrient discharges that were up to 10-fold lower than those for high cover, grazed conditions. Low bulk density and the absence of surface crusts, indicators of active soil loosening through bioturbation (predominantly earthworm activity) can be considered as the main reason for high infiltration and low sediment and nutrient discharge on the undisturbed patches. The results indicate that a soil hydrologic recovery of degraded woodland savanna is possible within about a decade.

�The effects of soil surface characteristics on wind and water erosion.

Michael J. Singer 1 and Isaac Shainberg 2

1 Department of Land, Air and Water Resources, University of California, Davis, California 95616�530-752-7499 (voice); 530-752-1552 (fax); mjsinger@ucdavis.edu�2 Institute of Soils and Water, Volcani Center, P.O. Box 6, Bet Dagan, Israel

Soil infiltration rate, time to ponding and time to initiation of runoff are controlled by the upper few millimeters of the soil surface.  Solid phase organization (structure) and stability determine the pore architecture and pore size distribution that ultimately control the flow of air and water into and through the soil. Alteration of the architecture and reduction of the infiltration rate produce subsequent changes that affect the rate of soil detachment and transport by water.  This alteration is the formation of a soil seal, which is a common phenomenon in many cultivated soils. When the soil seal dries it is a soil crust. Seal formation is the result of physical disintegration of surface soil aggregates caused by wetting of the dry aggregates and/or the impact of the rain drops and the subsequent compaction of the disintegrated aggregates by raindrops impact, and by physicochemical swelling and dispersion of soil clays which clog the soil pores.

Structural seals and crusts are thin (<2mm) layers characterized by greater density, higher shear strength, lower roughness, finer pores, lower total porosity, lower infiltration rates and lower saturated hydraulic conductivity compared with those of the bulk soil. The higher strength reduces detachment by raindrops but increases the wind speed required for detachment.  Lower roughness increases the potential for soil loss by wind and water. The reduced size and number of pores decreases the time to ponding, increases the volume of overland flow, flow velocity and runoff shear, thus increasing the potential for more water erosion.

Factors important in determining the response of the soil surface to physical and chemical forces include those that are fixed such as texture, organic matter content, and kind of organic matter, and those that are dynamic such as electrical conductivity, exchangeable sodium content, biological activity, kinds of organisms, water content at the time of wetting and the rate of wetting. Each factor influences the rate of crusting and sealing and ultimately the properties of the crust or seal.

Although much is known about the chemical and physical properties of soils that determine aggregate stability and behavior, much less is known about the role of antecedent moisture content and the rate of soil wetting in wind and water erosion.  These spatially and temporally dynamic variables are difficult to measure and model but may hold the key to fully understanding soil surface changes and soil erodibility.

�Runoff determination on the cracked soils with the use of procedure�of rainfall intensity estimation.

Slawinski C.  Walczak R. T.

The Institute of Agrophysics Polish Academy of Sciences, 20-236 Lublin, Doswiadczalna 4, Poland.�e-mail: cslawin@demeter.ipan.lublin.pl

One of the basic components of watershed water balance is runoff. The knowledge of this quantity  is indispensable for determination of soil water erosion magnitude and amount of water supplying rivers and water basins.  When on a given area soils occur with macropores of biological origin (biopores) or macropores created as a result of the  physical process of soil swelling and shrinking (cracks), the knowledge of runoff magnitude is necessary for determination of water amount which can flow preferentially into the soil profile.

The process  of preferential flow can cause the decrease of runoff intensity and at the same time the decrease of water amount flowing directly into rivers and water basins. The runoff rate depends on climatic conditions on a given area and on specific for this area physical properties of the soil.

The condition of runoff occurring is that the value of rainfall intensity exceeds the value of soil water conductivity coefficient in saturated zone. Thus, to determine the runoff it is necessary to measure the intensity of rainfall.

On standard agroclimatic stations the magnitude of rainfall is measured, not its intensity, therefore the methods and models are created for estimation of runoff  (with a respective accuracy) in which also the rainfall intensity is estimated. In the Institute of Agrophysics PAS in Lublin, a method has been elaborated for estimation of rainfall intensity, in which the intensity distribution for a given rainfall is approximated using lognormal distribution. When the rainfall intensity distribution and the value of soil water conductivity coefficient are  known it is possible to estimate the runoff.

�Modification du couvert végétal et dynamique éolienne�ŕ l’échelle du plateau de Mostaganem (Algérie)

Smahi E. 1, Remouan Kh. 2 et Kouri L. 1

1 Université de Mostaganem (Algérie)�2 Université d’Oran (Algérie)

Situé sur la côte orientale oranaise (Algérie), le plateau de Mostaganem a vu l’occupation des sols subir des modifications importantes entre 1972 (date de l’arrachage du vignoble) et 1997 ; celle-ci est passée d’une dominance de la foręt ŕ celle de la vigne puis actuellement ŕ la céréaliculture. Compte tenu de ces transformations, deux espčces végétales (céréaliculture et vigne) ont été étudiées en rapport avec la dynamique éolienne, car le plateau présente par rapport ŕ celle-ci des facteurs favorables (situation géographique littorale, stock sableux abondant, topographie peu accidentée et surélevée par rapport ŕ la mer). La comparaison entre ces deux systčmes de culture a montré que la vigne protčge mieux le sol que la céréaliculture pendant une grande période de l’année (de mars ŕ aoűt) correspondant ŕ la fréquence la plus grande en vents dynamiques.

Par conséquent, le passage d’une culture pérenne ŕ une culture annuelle n’a fait que favoriser la reprise de l’érosion éolienne. Cependant, il subsiste un espoir car depuis 1994, il y retour ŕ la politique de reconstitution du vignoble de table.

MOTS-CLES : Algérie – Tell oranais – Plateau de Mostaganem – Erosion éolienne – Couvert végétal

�Data analysis of correlation between soil parent material�and gullying intensity

Soms, J.
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Results of field studies about rilling and gullying processes in small agricultural and undisturbed natural catchments in Southeast Latvia permit to draw certain conclusions about the influence of soil surface characteristics (SSC) on gully erosion intensity in this region. Gully erosion as part of soil erosion in general is rather common in upland areas of Baltic morainic ridge, where gullies formed predominantly on the slopes of river valleys and subglacial channels as well as on slopes of morainic hills and plateau-like hills. In lowland areas of SE Latvia gullies have been ascertained only in some cases, and they are not widely spread in general. 

Previous studies based on intensity of deposition of eroded soil material or dating of eroded soil chronology give little insight to the spatial distribution of soil linear (or accelerated) erosion within the catchment. This study uses an analysis of gully network density in the upland areas to infer patterns of soil erosion, as well as to clarify influence of some SSC and change of land use on soil erosion and gully erosion process in particular.

The data correlation between the gully network density and SSC in this area shows that one of the principal factor which determines the soil erosion is the infiltration index of subsoil Quaternary superficial deposits. The erodibility of soil and subsoil rocks is a second-grade factor affecting the gully erosion process in this area. The values of gully network density vary from 0 – 0,4 km/km2 on territories, where soil is formed on sandy alluvial and glaciofluvial deposits up to 0,3 – 2,4 km/km2 on territories, where soil is formed on clay loam, stony loam and basal till deposits.

It displays that catchments where soil is formed on Quaternary superficial glacial or glaciolacustrine deposits, are more transformed by linear erosion. Soil in such catchments has lower infiltration index. That in its turn prevents precipitation and snow melting water soaking fast into the ground, as well as causes the runoff concentration into small streams and rill erosion. If soil agricultural processing does not destroy these rills, they soon begin to integrate and form gullies.

�Geomorphic response to extreme rainfall and snowmelt events�in relation to soil surface pattern and topography

Miloš Stankoviansky

Department of Physical Geography and Geoecology, Faculty of Natural Sciences,�Comenius University, Mlynská dolina, 84215 Bratislava 4, Slovak Republic�Tel: +421-2-60296262   Fax: +421-2-65429064, E-mail: E-mail: fyzgeografia@fns.uniba.sk

The contribution assesses the geomorphic manifestations of  extreme rainfall and snowmelt events in the Myjava Hill Land, western Slovakia, conducted in the period 1993-1997. The study was based on the documentation of geomorphic effect of selected events with the aim to elucidate the regularities of spatial distribution of rills and ephemeral gullies in relation to soil surface pattern and topography. 

The Myjava Hill Land (384 km2) represents a low, plateau-like geomorphic unit, dissected significantly by a network of flat floored valleys, dry valleys, dells and permanent gullies. It is built mostly of the Tertiary and Mesozoic rocks of medium to low resistance, resulting in considerable thickness of regolith, promoted here and there with the presence of loess loams. The present-day agricultural landscape is characteristic mainly by large cooperative fields with monocultures. This landscape picture originated in association with the collectivization in agriculture after the socio-political changes in the former Czechoslovakia in 1948. The pre-collectivization land use pattern was typical for mosaic of small, narrow plots, cultivated more along contours than gradients.

The study area is in connection with its topography and geology generally very prone to soil erosion processes. At present, the topography is the main controlling factor for the occurence of concentrated flow erosion and consequently for the formation of ephemeral gullies (in the past the same role was played by artificial linear landscape elements). The operation of rill erosion, formation of rills, their spatial distribution and density is influenced above all by the local differences in the soil surface pattern, namely by various vegetation. 

The geomorphic consequences of soil erosion due to extreme spring rainfalls were studied on 35 sites. The behaviour of sheet wash and rill erosion was documented both on slopes with one crop and with two different crops in upper and lower portions. The latter were distinguished by various combination of crops with low and high soil conservation effect. The most spread variety is represented by slopes with one crop. From among the two-crop slopes, the variety typical for the crop with low soil conservation effect on the upper slope part and  high anti-erosional effect on the lower one prevails. The spatial organization of the above mentioned partial erosional processes, as well as of their manifestations  have differed both according to the variety of slope at the first place and crop type combination at the second. The ephemeral gully network was linked predominantly with thalwegs of various hillslope hollows, dells and upper reaches of dry valleys.

The geomorphic effect of rill and concentrated flow erosion due to sudden snowmelt was studied in the selected part of the Myjava Hill Land with 23 km2 of total area. The main result of documentation of snowmelt consequences is the map of rills on background of land use and type of cultivation, originally drawn at scale 1:10 000. In relatively dense network, erosional microformes were distributed irregularly as related to the selectivity of snowmelt erosion associated with the soil surface pattern and topography.

�Effects of spatial and temporal variable soil hydraulic data on model outcome for an agricultural catchment on the Loess Plateau in China.

Jannes Stolte 1, Coen J.Ritsema 1, Guanghui Zhang 2, Bas van Venrooij 1

1 Alterra, Landuse and Soil Processes Team, P.O. Box 47, 6700 AA Wageningen, Netherlands�2 Institute for Soil and water Conservation, Chinese Academy of Sciences, 

On the Loess Plateau of China, soil erosion amounts between 2 000 and 30 000 tons/km2 per year. Of this, 73% ends in the Huang He (Yellow River), causing enormous problems with sedimentation and flooding risks in downstream areas. In 1998, the EROCHINA project started (a.o. funded by the EU) with the major objective to develop alternative land use and soil and water conservation strategies for the Loess Plateau. One of the topics of the project was to calibrate and validate the LISEM model for a small agricultural catchment. During the years 1998 and 1999 an enormous amount of measurements of soil physical, soil surface and plant characteristics have been carried out. The LISEM model proved to be very sensitive for conductivity data, especially for the saturated conductivity. This study shows the effect of measured soil physical data on model outcome where the variability, both in time and space, is taken into account. Statistical analyses have been carried out to set up a measurement scheme for the saturated conductivity. On 14 distinguished land use units, 10 samples each were taken in order to investigate the heterogeneity within and between systems. Furthermore, samples for the unsaturated conductivity and water retention characteristics have been taken. Effects of spatial and temporal variability in soil physical properties on LISEM output were investigated and analyzed. It showed that even with small differences in saturated conductivity figures, model outcome varied dramatically. This proves that great consideration has to be taken in defining a measurement strategy to provide the model with input data.

�Selected problems of the loess soils erosion�in small agricultural catchment

Szymon Szewrański, Józef Sasik, Romuald Żmuda

Agricultural University of Wrocław, Institute of Environmental Development and Protection,�pl. Grunwaldzki 24, 50-363 Wrocław, Poland�phone: 0048 71 3205 534, e-mail: sionek@miks.ar.wroc.pl

The investigations of soil denudation and sediment transport have been driven in Mielnica Stream catchment since 1977. The object is situated in the Trzebnica Hills area, considered as one of the most eroded regions of Poland. There are two serious reasons of such huge erosion: an intensive agricultural use and the loess soil cover. Investigated object is under full control. All analyzed elements of erosion phenomenon are studied on the background of changeable hydrometeorological factors, soil conditions, topographic features and land use.

The total catchment area is 7,11 km2. Agricultural lands are 82% of the object, arable lands are 75% and just only 6% belongs to pastures and meadows. Forests are 17% of the total area. The mean daily sediment yield is about 24,8 kg(km-2, normal one (based on the median value) is estimated on 16,1 kg(km-2. In hydrological winter above values were as following: 20,8 kg(km-2 and 3,0 kg(km-2, and in hydrological summer:  29,9 kg(km-2 and 2,4 kg(km-2. The maximum daily sediment yield was noticed on the level of 16,1Mg(km-2. The monthly sediment yield ranged from 5,5 to 16504,1 kg(km-2 and the mean annual one was 8782,2 kg(km-2. 

In the paper, some results of erosion intensity investigations, led in the hydrological years 1997/1998-1999/2000, are presented. They were conducted both on the field and in laboratory. There were made: hydrological and bathometrical measurements in the stream, meteorological measurements, grain size analyses of topsoil layers, land use pattern assessments and others. Some evaluations of relationships between land cover, surface runoff and sediment transport intensity are presented. Water erosion influence on the topsoil condition is shown both in spatial scale and on the example of a single slope.

�Modelling the effects of tillage-induced,�oriented roughness on runoff and erosion patterns.

Takken I. 1,4, Govers G. 1,2, Jetten V. 3, Nachtergaele J. 1 and Steegen A. 1

1  Laboratory for Experimental Geomorphology, K.U.Leuven, Redingenstraat 16, B-3000, Leuven, B�2 Fund for Scientific Research Flanders�3 Faculty of Geographical Sciences, Utrecht University, PO BOX 80115, 3508 TC, Utrecht, NL�4 School of Geography and Oceanography, Australian Defence Force Academy, University College, UNSW, Canberra 2600, ACT , email: I.Takken@adfa.edu.au

Plot and field scale research on cultivated land has provided important information on the effects of tillage operations on processes such as infiltration, depression storage and erosion. However, tillage-induced roughness also affects the spatial patterns of runoff and erosion. On tilled fields runoff often flows in direction of tillage, which may be quite different from the topographic direction. Also, parcel borders and other linear features (eg. lynchets, roads) may act as water collectors, even though they can be oriented more or less parallel to the contourlines. Therefore, the actual runoff pattern in an agricultural area is often very different from the runoff pattern that would be predicted from topography alone. The runoff pattern defines the effective slope gradient (ea. the slope in flow direction) as well as the locations where water will concentrate, which are both important factors controlling erosion. Therefore, erosion patterns and rates are also affected by tillage-induced roughness.

At present, the runoff pattern used in distributed soil erosion models is based on topography only. In this paper a methodology is presented that allows to take into account the effects of oriented roughness on runoff pattern in runoff and erosion models. The methodology includes four steps. First, a topographic runoff pattern is calculated using the steepest descent algorithm. Subsequently, a tillage-controlled runoff pattern is calculated, based on the assumption that water will always flow in the direction of tillage on cultivated land. Next, a logistic regression model based on slope gradient, the angle between aspect and tillage direction and the degree of oriented roughness, is applied to determine where water will flow in topographic direction and where it will follow the tillage direction. Finally, a runoff pattern is created by combining the topographic and tillage-controlled runoff patterns using the results of the logistic regression model. 

These different runoff patterns are used within the spatially distributed erosion model LISEM and an evaluation is made of the effect of the runoff pattern on the predicted erosion pattern. Results show that the predicted erosion pattern is strongly affected by the runoff pattern used within the model. Observed runoff and erosion patterns could be much better predicted when the tillage direction is accounted for in the runoff routing algorithm. Also, the predicted total erosion rates were affected by the runoff pattern used. Therefore, it is of importance to consider tillage patterns in discussions on management practices to reduce soil erosion.

�The study of the significance of soil surface characteristics on erosion,�at different scales, using rainfall simulator,field plots and 137Cs technique.

S. P. Theocharopoulos 1, H. Florou 2, M. Christou 1, H. Kalantzakos 1, P. Ęďuloubis 1,�F., Tsouloucha 1,P.Tountas 1, Gatzoyianni, P. 1
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Soil erosion under different soil surface characteristics and conditions has been studied in Viotia prefecture, central Greece. 

This study took place in different scales at the pedon scale (rainfall simulator plot of 0.5 m2  ) at the scale of the standard field erosion  plots (22m long)  and at the scale of  a small catchment of  about one (1) ha  in order to study the on and off site environmental impacts in different soil types and soil surface characteristics.

At the pedon scale erosion was studied in  soils with different texture, slope, and top soil treatment (ie. ploughed , unploughed and under wheat) using a portable rainfall simulator.  The runoff initiation time, the soil loss, the runoff water, the content of soil in the runoff water, the organic matter, P, K and total N in the soil lost   and NO3-, P and K in the runoff water were monitored at five minutes interval for a duration of thirty minutes after runoff initiation time for estimating the on site and off site effect of erosion. 

Erosion and runoff rates were different among soils and they were affected by rainfall intensity, soil slope and topsoil treatment.  Ponding time was positively correlated to porosity, clay content, and to the CEC. In the runoff water the nitrates were correlated to soil organic matter content and the P and K (in the runoff water) with soil P and K. The N and the K in the eroded soil material was correlated to soil N and K respectively.

In the field erosion plots the runoff and erosion data presented a variability during the growing period  depending on the rainfall intensity and pattern as recorded by rainfall gauze and the stage of plant cover growth. For a summer, four hour rainfall of  42 mm, the runoff varied from 0.7 m3/ha for wheat, 1.0 m3/ha for the fallow land and   4.0 m3/ha for the bare land. The soil erosion rates for the same rainfall were 12.4 kg/ha for wheat, 12.0 kg/ha for fallow land and 57.0 kg/ha for the bare land. 

At a small-catchment case study the spatial soil erosion and redistribution rates were studied using the 137Cs technique. A grid was established  along down slope and the 137Cs residuals were defined in the grid points. After establishing the local reference inventory the soil erosion  and deposition was estimated at any point of the grid. Point soil erosion varied from 8.59 to 79.93 t ha-1y-1. High correlation was detected between soil erosion and soil P, soil K (P<0.01)  and soil organic matter % (P<0.05), and soil slope (P=0.41-0.49),  and clay % (P=0,052-0.056), and soil altitude (P=0.064-0.072).

Key Words: Erosion rates, soil surface characteristics,  rainfall simulator,  137Cs.

�Simulating the effect of tillage factors on runoff generation�in a small agricultural catchment in Northwest Spain
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The loamy and silty loamy soils developed over basic rocks (mainly basic schists) in the geological formation known as the Ordenes Complex, Galicia, Northwest Spain, are very prone to crusting and loss of structure. Despite the low terrain slopes of the undulating landscape, erosion (notably through rilling) and overland flow is common because of the wet climate. To test the effect on overland flow of the presence of a headland in the main field, wheel tracks as water guiding channels and tillage, several scenarios for a agricultural catchment (25 ha) with five fields under maize and pasture are evaluated with the aid of lisem, a spatially distributed and raster gis-embedded erosion model.

It emerges that a 2 year event only results in Hortonian overland flow in the whole catchment in the case wheel tracks guide water. The headland exerts only little influence on the amount of runoff: in the scenario with a headland in the main field, the peak discharge is only a few litres per second higher than without a headland.

In the simulations with the 25 year event, the effect of the headland is almost completely lost and gives way for a large influence of tillage. Tillage has a strong influence on the drainage direction. With tillage, the peak discharge is 50 l/s higher than without tillage. Besides, time to peak is shorter. When wheel tracks are simulated as small water guiding channels, the effect of tillage is even stronger. This is supported by the fact that the wheel tracks have a stronger effect in tilled areas than in non-tilled (pasture) fields.

It can be concluded that the effect of a headland is weak. This may be due to the fact that it was only simulated in the main field and not in all fields. The implementation of wheel tracks as small runoff routes, however, does exert a large influence on all important catchment hydrological parameters. Tillage is also an important factor, influencing drainage direction to a large extent and thereby leading the water towards the wheel tracks. These two outcomes point at the importance of wheel tracks and tillage in erosion modelling.

�The effects of gully erosion on Hafit Mountain slopes,�the Eastern province of United Arab Emirates.

Torab, M. M.

Department of Geography, United Arab Emirates University, P.O.Box. 17771 Al-Ain, U.A.E.�Fax: *9713679199, *9713671612, e-mail: magdytorab@hotmail.com

In Some desert areas like the Arabian Sahara of the United Arab Emirates, flash flooding is very effective process of gully erosion.

Hafit Mountain is an elongated anticlinal chain, lies in the eastern portion of U.A.E., as a part of the Oman folded mountain system. Hafit carbonate mountain extents in a north / south direction for about 15 kilometers, the maximum height reaches to 1163 meters o.d.

The total study area included the surrounded piedmont plains, bahada landforms and built up area (Al-Ain City), not more than 600 kilometers squares (20X30 kilometers).

Hafit Mountain slopes are dissected by numerous radial gullies, short streams and some modifided channels into parallel drainage pattern, guided by local lineaments and strikes of steeply dipping carbonate rocks. These drainage systems are divided the mountain slopes into sharp hogbacks ridges and blocks, its certainly developed under more wet climatic conditions than present dry climate.

Meteorological data shows that short periods of heavy rainfall occur in January and February months as a result of unstable air with high humidity. The rain fall amount during last 10 years was in the range up to 400 mm.

The spatial gullies effect is localized, modification the overall landscape during single event in cultivated and urban land-use areas, such events can be a major cause of erosion and damage, but we can use this great amount of water in agriculture.

This paper deals with the implication of gulling erosion as a result of flash floods by using the following techniques:

Field geomorphological mapping.

Flood-hazards mapping.

Hydro-morphometric analysis.

Visual landsat image interpretation.

Geographical information system.

Keywords: effects of gully erosion, Hafit Mountain, United Arab Emirates.

�Splash-induced soil surface dynamics.
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Soil surface is intensively modified by rainfall through a series of interrill processes. They include drop impact, soil detachment and deposition, roughness modification, sealing formation, ponded area variation, modification of runoff generation and infiltration characteristics, soil loss. Moreover, as it clearly appears from literature, soil detachability is not constant even within a single rain of constant intensity. The type of relationship between detachability and degree of soil surface modification brought to the introduction of the concept of soil detachment (from the soil mass) and re-detachment (of deposited particles and aggregates). Detachabilities trends observed by different authors are not the same: gamma-functions, exponential and linear decreases, logarithmic increases. There are many reasons that can explain the differences: instrumental differences, size of the soil samples, rainfall duration, slope gradient, surface roughness, different type and different relative importance of observed processes.

This paper tries to examine many of these processes at once. Hence the first step was that of linking processes together through a series of equations based on present-day know-how. Due to the scanty knowledge of detachability dynamics, this parameter could not be properly modelled. It was then decided to use data from laboratory rainfall simulation experiments (which include roughness decay, ponded area modification, hydrographs and sedigraphs over series of up to 5 rainfall simulations made over the same soil plot) in order to gain a better insight on detachability behaviour. The interrill model was coded into an inverse procedure which allowed the calculation of detachability as a best-fitting series of values. Roughness decay, ponded area values and sedigraphs were used as reference data. Results show congruent trends which seem to confirm the model Farres proposed in the late seventies. Detachability dynamics is clearly affected mainly by soil moisture condition prior rainfall and secondarily by soil characteristics.

�Effects of conservation tillage on random and oriented surface roughness and the implications for depression storage on the hillslope.

Paul van Dijk
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An important soil surface parameter that is affected by conservation cropping is the depression storage capacity of the surface, which is a function of surface roughness and slope angle. The present study quantifies effects of surface roughness and slope angle on the depression storage capacity for different conservation cropping systems. Special attention is paid to the effects of oriented roughness. As surface roughness is an input parameter in most erosion models, the results of this study are very useful for scenario calculations.

Microrelief measurements were carried out on experimental plots with various conservation cropping systems of maize and sugar beets, including direct drilling and mulching. The surface roughness data were used to calculate the depression storage capacity, the fraction of the surface covered with water and the average ponding depth at maximum storage capacity, using the method of Huang and Bradford (1992). Direct drilling and mulching took place in a cover crop residue of winter rye (maize) or yellow mustard (sugar beets). Both cover crops are sewed in the fall, so the conservation cropping systems influence the summer and the winter situation. The calculation results are compared with values found for conventional cropping systems consisting of ploughing or chiselling after harvest in the fall, and a seedbed preparation in spring time. In addition, measurements were carried out in plots with wheel tracks and on highly compacted plots with a stubble of maize just after harvest.

The results show a low depression storage capacity for conservation cropping systems which are based on direct drilling compared to systems with a harrowed seedbed. Mulched surfaces remain more rough than harrowed surfaces without a mulch. This can be attributed to the protective effect of the crop residue. Depression storage on the maize stubble fields is almost zero. In the winter time, ploughed or chiselled fields show an initially high storage capacity. However, after slaking such surfaces can become extremely well drained, while retaining a strong relief. In case of tillage in the direction of the slope, the water drained from the higher parts is easily transported downslope through the distinct furrows. 

Almost all the measured surface plots showed orientation in the roughness pattern. The orientation is most pronounced in wheel tracks, in ploughed or chiselled fields, and less pronounced for the direct drilling systems and the maize stubble. It was tried to determine the effect of contour tillage on the depression storage capacity for the different systems. According to the calculations, contour tillage increases the depression storage in all cases, the increase depending on the degree of orientation. In reality however, the oriented roughness will not exactly match the contours, causing water to drain side-ways through the tillage furrows to points where the water concentrates. This may lead to a burst of water causing serious erosion. The occurrence of overland flow may be more frequent in case of up� and downslope tillage, but in the same time more diffuse, and thus less violent and erosive.

�Mapping of soil surface features in vineyards �by remote sensing at very high spatial resolution.
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Agricultural practices influence largely the risks of erosion, flooding and water pollution. In effect, soil treatments modify strongly the soil surface conditions and thereby the infiltration and overland flow amounts. Earlier studies (e.g. Casenave and Valentin, 1992) showed that the variation in infiltration properties can be linked to the variation of soil surface properties (Léonard and Andrieux, 1998; Andrieux et al., 2001). For hydrological modelling purposes, there is therefore a need to develop methods that can recognise soil surface features over large areas and with a high spatial resolution. This paper presents a new remote sensing method for recognising classes of soil surface features in vineyards from digital aerial photographs (0.25 ( 0.25 m resolution). It consists in three steps:

Determining land cover, vine training mode and its geometry (orientation and spacing) by frequency analysis techniques (Wassenaar, 2001) ;

Recognising the "sunlit soil surface" by use of mathematical morphology and multi-scale analysis techniques (Wassenaar, 2001) ;

Predicting the soil surface features at the field scale by a radiometric classification approach.

In this paper only the last step will be described in detail.

It consisted in measuring the bi-directional behaviour of the reflectance, which varies according to the soil surface features. For all main soil surface features (tillage, crusts, weed, etc.), this behaviour has been measured in the field by a goniometer-mounted radiometer. Given the recording and the computing of geometrical vision and illumination condition at each pixel's location, it becomes possible to assign each pixel to one or more soil surface feature, according to the correspondence between its proper signal and the BRDF (bi-directional reflectance distribution function) "predicted" radiometric ranges for the geometrical configuration of this pixel. This first classification at the pixel scale, is refined in a second stage by taking into account the frequency distribution of the soil surface classes at the field level. In a third stage, spatial integration procedures allow us to assign a unique class to each field. So could a geographical field database be populated by information about surface soil features.

This approach provides satisfying results as long as the mineralogical composition of the soil surface remains relatively homogeneous over the study area. The radiometric ranges of different classes can nevertheless exhibit a considerable recovery, thereby inducing an indecision (fuzziness). The application of an expert model concerning the possible frequency distributions of the different classes on the field level, allows for an important, although incomplete, reduction of this fuzziness.

Key-words : soil surface feature, infiltration, vine, aerial photography, agricultural practices, field scale.

�Spatial distribution of surface conditions and runoff generation�in small arid Watersheds, Zin Valley badlands, Israel
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In the Zin VaIIey badlands, Northern Negev, lsraël hi8h rill density may be regarded as indicative of frequent integrated runoff along the drainage network. However field observations of soil development and rill geometry suggest a pattern of partial area contribution and frequent flow discontinuities along hillslopes, 10-15 m long, as well as along the rill network. On ridges the soil is thin, while on the steep valley sideslopes soil development is more pronounced, particularly in the middle section of the slopes. Furthermore, the geometry of the rill does not change significantly downstream. These apparently contradicting observations highlight that more detailed investigation of surface characteristics and particularly their spatial distribution is needed in order to understand the factors controlling the spatial distribution of runoff generation within small basins covering no more than m˛.

In order to test the hypothesis that runoff generation is highly non uniform within small drainage basins, carved in uniform lithological material, sprinkling tests and surface material analysis along; an entire slope were carried out. The results show that surface characteristics differ with dope position. Extreme rainfall intensities, observed under current day climatic conditions, are sufficient to generate runoff on the ridges, but not on the sideslopes, leading to the conclusion that runoff generation on tire headwater area is responsible for the development of the rills. Frequent flow discontinuities along the rills are held responsible for the limited change in the hydraulic geometry of the rills downstream. The deep soil development on the middle part of the valley sideslopes is indicative of limited erosion rates and a high stability of the sideslopes. It appears to be linked to the discontinuous runoff caused by the very short duration of effective rainshowers. Decreasing rill flow resu1ts in deposition of material eroded on ridges, thus increasing thee depth of the soil layer. The results demonstrate that runoff generation in the Zin Valley badlands is, despite homogeneous lithology, controlled by partial area contribution. Spatial distribution of runoff source and sink areas is strongly influenced by the nature of runioff events produced under current rainfall conditions. This demonstrates that the links between rainfall characteristics and spatial distribution of surface characteristics have to be incorporated into runoff prediction in badlands. It also indicates thee need to study the effect of water erosion-induced differentiation of surface characteristics in environments wit initially homogeneous lithology.

�Computation of stone cover percentage over bare soil using ERS2 SAR measurements on semi-arid regions
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Our objective in this work is to identify the potential of radar signal to characterise the stone cover over bare soil surfaces. This parameter is a key parameter in surface hydrology.

During 1998-2000, a large number of ERS2 SAR images has been taken over two semi-arid sites Avdat and Foumtillich. Simultaneously, many ground truth measurements have been done using vertical numerical photos and pin profilers to characterise surface geometry parameters. Roughness parameters have been computed from pin profiler measurements. An empirical approach is proposed to deduce stone cover percentage from pin profiler measurements.

In order to model the backscattering behaviour of stones, a numerical model has been used. Firstly, soil surfaces with different stone covers have been generated by using Monte Carlo method. Secondly, numerical Moment Method based on integral equations of backscattering has been computed to study the influence of the stone cover percentage, the size of stones and their heights on simulated radar signal. Results show that stone cover percentage is the most relevant parameter influencing radar signal.

A good agreement is demonstrated between numerical simulations achieved by Moment Method and radar measurements acquired from test sites. An empirical model is then developed to inverse radar measurements and retrieve stone cover percentage. A mapping of this parameter is made over Avdat site.
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