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�I. Hydrological processes in frozen or partly frozen soils



�Infiltration Into Frozen Soils



John M. Baker



USDA- ARS,  Dept. of Soil Water & Climate,  University of Minnesota



The infiltration of rain and melted snow can be diminished dramatically if the soil below is frozen, producing runoff that causes erosion, contamination of surface waters, and flooding.  The reason for this decrease in infiltration lies in the physics of freezing.  As a soil loses heat a point is reached when ice is nucleated in the largest water-filled pores. This freezing lowers the soil water potential, inducing the flow of water towards the site of freezing.  Ice continues to form locally until either the rate of water flow cannot match the rate of heat loss or the pores fill with ice to the point that overburden potential diminishes the gradient for flow. By this process the largest pores can fill with ice during seasonal freezing, even if they were not water-filled prior to ice initiation.  These are the pores responsible for much of the infiltration capacity under unfrozen conditions; if they are filled with ice at the time of rainfall or snowmelt they cannot carry water.  However, frozen soils do not always have low infiltration rates.  If soils are very dry at the time of freezing, little redistribution takes place and large pores remain air-filled.  If soils are wetter at the time of freezing, there may be management strategies that can maintain air-filled porosity through the frozen season.  Tillage and residue management techniques that create heterogeneity in surface heat loss during freezing should induce lateral, rather than vertical, redistribution during freezing, which could preserve air-filled porosity at the surface and improve subsequent infiltration.  
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Lateral melt water and solute flow at the bottom of a ripe seasonal snow pack on a gleyic soil



Peter Waldner1, Martin Schneebeli2, Margit Schwikowski3, Manfred Stähli4, Hannes Flühler4, Walter Ammann2, Felix Forster1, Patrick Schleppi1



1 Federal Research Institute WSL, CH-8903 Birmensdorf, Switzerland

2 Federal Institute for Snow and Avalanche Research, CH-7260 Davos Dorf, Switzerland,

3 Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland

4 Institute of Terrestrial Ecology, ETH Zürich, CH-8952 Schlieren, Switzerland



The melting of a snow pack provokes a versatile network of water flow paths. The ionic content of the snow pack and pools in the soil result in substantial displacements of solutes during snow melt. Colbeck (1978) postulated a zone with saturated water flow at the bottom of the snow pack. However little is known about its interaction between subsurface soil water flow and this flow zone.  To characterize the behavior and the spatial variability of the flow we took water samples at the snow pack bottom with a setup consisting of 32 melt water samplers with a floor of 0.4 m x 0.7 m and a border of 0.07 m height. Meanwhile, the volume and the chemical contents of the precipitation and the snow pack were determined. The campaign was carried out on a rather homogeneously sloping (10 - 15%) meadow in the Swiss subalpine area with a gleyic soil and an unbroken snow cover from November to April. Three different flow path types had been distinguished according to their behavior. An unexpectedly high spatial variability in the flow behavior (volume flux and chemical indicators) and high concentration of solutes, that were probably of geogen origin, had been measured. The links between the temporal variations in the flow volume and chemical concentrations and small scale topography and soil properties and the saturated flow regime in the snow are discussed. 



Colbeck, S. C., 1978: The physical aspects of water flow through snow.

Advances in Hydrosciences: 165-206.



Keywords: snow melt, water flow, ions, soil
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The effect of frost heave on preferential flowpaths and hydrological response in a forested catchment



Erik Cammeraat



Institute for Bidodiversity and Ecosystem Dynamics, section Physical Geography, Nieuwe Achtergracht 166, 1018 WV  Amsterdam, The Netherlands





The role of preferential flowpaths in a first order catchment under semi-natural deciduous forest was carried out in Luxembourg. During the cold winter periods the presence of frost heave was found to be important in terms of movement of soil material, but also in terms of destruction of semi-permanent pipe-systems.



The four hectare sized catchment was installed with a nested design to monitor rainfall, interception, discharge and perched water table levels. Furthermore the size of semi-permanent pipes, soil biological activity and litter cover was followed over time. 

It was found that semi-permanent pipe systems were very important for runoff generation, and were limited to active partial areas. The top soils in these partial areas contained high amounts of organo-clay complexes that were highly sensitive to swelling and shrinkage processes, depending on the moisture status of the soil. During summer polygonal crack systems developed and became wider, whereas the cracks closed at the surface in winter period, but continued to exist in the lower part of the A horizon of the soils. The polygonal system of cracks was initially discontinuous, but became connected to a continuous pipe system by the burrowing activity of soil animals. 



In warm winters these cracks reappeared on exactly the same positions, but in winters with frost heave activity these crack systems were destroyed and soil material moved down over the slope. This had consequences for the hydrological response of the catchment. In winters without frost heave activity the hydrological response of these areas was very fast in the period late autumn-early winter, showing a steep recession curve. The impact of frost heave led to a faster decline of the pipe-systems resulting in an increased lag-time and a longer hydrograph recession and increased movement of aggregated soil material over the hillslopes. 



Keywords: pipe flow, frost heave, hydrological response, 
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Water infiltration in a partly frozen soil and ground water recharge in alpine catchments



Bayard, D., M. Stähli, V. Maître, A. Parriaux



GEOLEP, Dep. of Civil Engineering, EPFL, 1015 Lausanne, Switzerland



Hydrogeological processes in alpine catchments are governed by the alternation of frost and thaw. A good understanding of these physical processes influencing the water circulation and the ground water recharge of an alpine basin is crucial, especially in relation with a changing climate. 



In order to increase the understanding of such effects and to improve their prediction, a joint study from the geological laboratory of the EPFL (GEOLEP) and the Institute of Terrestrial Ecology (ITÖ) of the ETHZ will be conducted during the winter 2000/2001. The aim is to study water dynamic into a partly frozen soil in a mountainous area (above 2000 m), so as to quantify the relative amount of percolated water flow, surface runoff and subsurface flow.



The field experiment is used for collecting meteorological data and soil physical data. These measured data will serve as input for a numerical model. A one-dimensional heat and water balance model will be used for predicting the influence of global warming on the studied system. In order to characterise the hydrogeological processes for different climate and to investigate the influence of the site orientation and of the altitude on the frost depths and on the amount of percolated water, several experiment will be carried out at miscellaneous places. Tracer experiments will be used to quantify snowmelt infiltration into frozen ground and to investigate the dependence of frozen soil infiltration on soil properties, surface characteristics and physical state at the onset of the snowmelt.



Two experimental sites area were installed in the southern Swiss Alps (region of the Valais), at the Hannigalp near Grächen (at 2100 m) and near the Gd St Bernard pass (2500 m). The Hannigalp area is located just below the forest limit with a rather dry climate (about 500 mm precipitation per year), whereas the Grand St Bernard region is located 500 m over the tree limit (mountain vegetation) and has much more precipitation (2100 mm per year). In addition, three secondary sites were installed near the Gd St Bernard pass in order to investigate the delay in snowmelt due to the orientation and altitude.



Attempt to predict alpine ground water recharge is faced with difficulties inherent in the number of parameter encountered in such systems. Increasing the understanding of physical processes, as done in this study, allows a better knowledge of the system complexity. Nevertheless, predicting recharge of an alpine catchments implies a more complex model, enclosing a snow distribution evolution model combined with a three dimensional hydrogeological model. 



Keywords: Alps, snow, partly frozen ground, hydrogeology



Corresponding author: Daniel Bayard
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The potential of dye and fluorescent tracers for quantifying infiltration into frozen soil



Stähli M.1, D. Bayard2, I. Schlachter1 and D. Stadler1



1 Institute of Terrestrial Ecology, ETH Zürich, Grabenstrasse 3, 8952 Schlieren, Switzerland

2 GEOLEP, Dep. of Civil Engineering, EPFL, 1015 Lausanne, Switzerland



The generation of snowmelt surface runoff from e.g. agricultural fields strongly depends on the infiltration capacity of the soil. If the soil is frozen its infiltration capacity may be reduced, however there is clear evidence that it still allows water to infiltrate into large pores, which are not blocked by ice. In order to progress the understanding of the mechanisms of frozen soil infiltration, especially its dependence on the soil type, pore structure, water and ice content, we need to extent our classical field measurements to observations of the actual infiltration flow paths.



Recent developments of dye and fluorescent tracer techniques in soil physics have shown the great potential of improving our concepts regarding soil water flow. It appears that the water infiltration pattern is in most cases much more heterogeneous than what is implied by classical capillary water flow theory. Dye tracer experiments have been conducted to explore the general water conducting behaviour of different soil types, but also to answer specific questions of how man made soil management influences the infiltrability of the soil.



Even though tracer techniques in soils has much developed during the last years, its application to frozen soil has been very limited. One of the main reasons for that are the difficulties related to digging up and preparing a soil profile in its frozen state. For that reason we started up with cold temperature dye tracer experiments using frozen soil columns and monoliths, for which the cutting procedure was more easy to be achieved. 



In this presentation we will shortly review the first cold chamber tracer experiments conducted at our institute (Stadler et al., 2000, SSSAJ, 64:505-516) where the dependence of frozen soil infiltration to the water and ice content was addressed. Then, we will show results from a second dye tracer study where the effect of different soil management treatments on the infiltration capacity of frozen arable soil was investigated. And finally, we will present a tracer experiment that will run during the winter of 2000/01 dealing with alpine soils and their water infiltration behaviour during the snowmelt. In this latter case, the dye tracer technique is for the first time applied 'in situ' to a frozen soil.



Finally, we will summarize our experiences of the conducted tracer experiments in frozen soil showing uncertainties, difficulties and limitations of that technique, but also its great potential to receive high-resolution quantitative information on water movement into the soil during the snowmelt.



Keywords: dye tracer, fluorescent tracer, frozen soil, snowmelt infiltration
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Geophysical methods to characterise infiltration and flow processes in a partly frozen unsaturated zone during snowmelt 



French, H. K., Binley, A.*, Jakobsen, L.V.



Department of Soil and Water Sciences, Agricultural University of Norway, P.O. Box 5028, 1432 Aas, Norway

Environmental Sciences Department, Institute of Environmental and Natural Sciences, Lancaster University, Lancaster LA1 4YQ, United Kingdom 



Most of the groundwater recharge in Norway takes place during. It is during snowmelt and after heavy rains that the risk of polluting ground water is the greatest. In coarse-grained aquifers the horizontal distribution of ground frost and basal ice can cause focused infiltration, which in turn can influence retention time in the unsaturated zone. Because the governing processes are dynamic it is necessary to employ non-destructive methods to study them. In the literature the success of a number of electric, electromagnetic and seismo-acoustic techniques for determination of the distribution and properties of permafrost has been reported. A field site at Moreppen has been constructed to characterise the early infiltration and flow through the unsaturated zone (consisting of heterogeneous coarse sandy soils) during snowmelt by employing state of the art tomographic imaging tools.  The methods selected for our experiments are cross-borehole electrical resistivity tomography (ERT) and cross-bore hole radar tomography. These methods provide 2-D or 3-D images of the distribution of an ionic tracer and water content. Thermocouples have been installed to monitor the spatial variability of temperature at the surface. Unsaturated flow and transport has previously been, and will continue to be, monitored at Moreppen by the use of conventional hydrological techniques, including tensiometry and suction cups. By combining the geophysical and hydrological measurements, we can improve our understanding of the dynamics of infiltration, flow and transport processes at a range of scales. 



Keywords: sandy soil, spatial variability, electrical resistivity tomography, cross-borehole radar tomography
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Surface macro and micro-aggregation patterns following experimental freezing-thawing and wetting-drying cycles: a fractal approach



Pardini, G.1, Regüés, D.2, Gallart, F.2, Gispert, M.1, Dunjó, G.1, Vigna Guidi, G.3



1Soil Science Unit, University of Girona, Avda Luis Santalo s/n, 17003 Girona, Spain

2Institute of Earth Sciencies J. Almera, C.S.I.C., Martí i Franques s/n, 08028 Barcelona, Spain

3Institute of Soil Chemistry, C.N.R.,Area della Ricerca, Via Alfieri, 1, 56010 S. Giuliano Terme (PI), Italy



Surface roughness, the result of the chaotic organisation of particles and aggregates at the soil surface, remains besides its importance a soil physical characteristic not yet clearly defined. Accordingly, a considerable research work is carried out aimed at understanding the relationships between varying climate conditions and soil surface dynamics. Laboratory experiments were conducted on clayey materials, smectitic regoliths of the Cretaceous-Palaeocene boundary located in the NE of Spain. Applying to the selected materials freezing-thawing cycles followed by wetting-drying cycles in a controlled system a typical annual weathering sequence was simulated. Surface roughness measurements were performed with a non-contact laser profile meter and a specially developed program was used to analyse profiles variation along the entire sample’s surface.



The analysis is based on a number-size relation given by the equation Ni = C/riD where Ni is a number of objects with a characteristic linear dimension ri, D is the fractal dimension and C is a constant of proportionality. That is, if the length of a measured profile or perimeter Pi is a function of the step length (scale) ri and the number Ni of steps required to obtain that length, substituting we obtain Pi = Cri(1-D). The calculation of the fractal dimension of a given profile is therefore possible for selected ranges of scales.



The proposed methodology combines the use of laser and fractals and allowed quantifying the modification of any frozen, thawed, wetted and dried sample’s surface. The effects produced by ice lensing during freezing or melting water during thawing, as well as by the wetting and drying sequences emphasised the importance of both initial surface macro and microstructure and mineral composition. Samples containing high amounts of smectite immersed in a calcite goundmass constraint were mainly characterised by continuous expansion-contraction due to frost heave and free osmotic and crystalline swelling during freezing and thawing respectively. Moreover, in these samples slight swelling and compaction occurred during wetting and drying respectively. After the experiments the overall surface was somewhat sealed and dissected by micro-rills. Conversely, samples containing smectite immersed in a dolomite groundmass constraint showed typical cracking patterns, very low expansion-contraction and a coarsely granulated surface dissected by macro-aggregates. Results indicated that irrespective to the amount of expandable clays patches in the soil plasma, the geochemical stability of the surrounding groundmass may have a basic role in the weathering process and may also control the form and particle-size in which a material may be eroded.    



Keywords: freezing-thawing, wetting-drying, smectite, weathering, fractals
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Effect of freezing - thawing on soil characteristics



Us'yarov O.1 and Zotov, K.2



1Agrophysical Research Institute, St. Petersburg, Russia

2St. Petersburg State Technical University, St. Petersburg, Russia



The cold period of year since November up to the end of March on North - West of Russia is accompanied freezing and periodic thawing of soils as a result of sharp fluctuations of temperatures. These processes (is similar to processes sweeling – subsiding at moisting – drying of soil) conduct to change of pore space structure, and also other soil characteristics. For correct management of soil structure and maintenance of the optimum soil characteristics it is necessary to take into account influence of freezing - thawing on the soil characteristics. This task becomes rather urgent and by consideration of change of soil properties caused by possible change of a climate.



The subject of the present study was to estimate soil structure relaxation time and degree in result freezing - thawing. For this purpose used samples of clay loam soil. Soil samples are capillary saturated 30 day, that corresponded to natural moist of soil before the beginning of the cold period, and placed in freezer. Samples subjected to the various periods freezing - thawing. For an estimation of cryogenic processes influence on pore space structure defined a soil water retention characteristic, as this function is closely connected to physical properties of soil.



The essential distinction of soil water retention characteristic of soil samples subjected various cycles freezing - of thawing, was caused, in our opinion, transformation of pore space structure as a result of internal mass exchange .At freezing remain a film of a not freezing liquid in thin pores and in large between a firm surface and ice. The movement in thin films is defined by a difference of pressure and causes transformation of soil structure.



The influence of freezing - thawing is necessary for taking into account at discussion of soil physical properties, consideration mass exchange and transport of the dissolved substances after soil thawing, and also development of measures on improvement of soil structure (for example stabilization of optimum pore space structure).
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II. Soil erosion measurement, processes and influencing factors







�Runoff and erosion from ephemeral frozen soil



McCool, D. K.



USDA-ARS-PWA, Land Management and Water Conservation Research Unit, Pullman, Washington, 99164-6120 USA



The temperature and precipitation regime in the inland northwestern USA presents unique challenges when conducting hydrologic and erosion research.  Unlike areas with colder winter temperatures, the soil freezes and thaws and the snow cover increases and decreases intermittently throughout the winter.  In southeastern Washington State, the mean daily temperature in December is about –1oC and in January is about –2oC.  It is rare for the soil to freeze deeper than 40 cm, and there is generally no time when an entire winter’s accumulation of snow melts.  However, the soil occasionally freezes before a long period with snow, and snow depths of 60 cm to 75 cm can accumulate.  These cold spells are frequently followed by periods of rapid warming with temperatures of 7 to 10oC.  When these conditions coincide, rates of runoff can be quite high with severe damage from flooding. 



Runoff plots operated for 13 years at the Palouse Conservation Field Station near Pullman, Washington provide event data on snow and frost depths, and runoff and soil loss under a range of crop conditions.  Results of a 43-year field erosion survey in southeastern Washington place this data in perspective.  The presentation will include a discussion of research methodology as well as results of these studies and their use in calibrating the RUSLE and the WEPP models. 
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Geomorphic effect of  snowmelt erosion (Case studies in Western Slovakia)



Stankoviansky, M.



Institute of Geography, Slovak Academy of Sciences, Štefánikova 49, 814 73 Bratislava, Slovak Republic



The goal of the contribution is to present the results of investigation of snowmelt erosion  in conditions of the Slovak Republic situated in  the temperate forest morphogenetic zone.The research was focused mainly on the evaluation of the geomorphic effect of this process expressed by the formation of rills and ephemeral gullies and on the elucidation of regularities of spatial distribution and nature of these features in reference to land use and topography.  Attention was paid especially to the character of their pattern, size and density in reference to the shape,  arrangement and type of cultivation of individual parcels. 



Assessment of the share of partial geomorphic effect of snowmelt processes in the total effect of runoff geomorphic processes (understood as the sum of  operation of surface runoff triggered by both snowmelt and extreme rainfalls events) in the course of  year or  period of several years, was  the second objective of investigation.  Attention was also paid  to the elucidation of the share of snowmelt erosion and accumulation processes on  the long-term formation of washed furrows on the one side and  colluvium bodies on the other. 



The above investigation was carried out by means  of repeated observation and detailed geomorphic documentation of erosion and accumulation  consequences of snowmelt events in the selected hilly, agriculturally used parts of the Jablonka (163 km2 ) and Vrzavka (21 km2 ) catchments in Western Slovakia in the period 1993-1998. 



The best conditions for the snowmelt  processes in  the study areas were in March 1993, the geomorphic effect of these processes except this year was much weaker to negligible. The main result of documentation of snowmelt consequences is the map  of rills on background of  land use and types of cultivation, originally drawn at scale 1:10 000. In a relatively dense network, rills were distributed irregularly as related to the selectivity of rill erosion. It mostly affected large cooperative fields, though not  all of them. The best developed rills for density and size  were observable on a rape field (where oil rape was sown very thinly in autumn 1992); also on winter wheat fields, only the size of rills was considerably smaller. Rills on ploughed fields with contour cultivation developed only under specific circumstances. Minimum  rill erosion was observable on fields with winter rye with admixture of vetch. Clover, alfalfa and  grass fields were practically totally free of rills. 



On the basis of 6 years lasting investigation it is possible to state that snowmelt processes play an inferior role  in the annual and consequently also total (long-term) geomorphic effect of runoff geomorphic processes.
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Snow melt erosion in Finnish clay soils and small catchments



Tuhkanen, H-R.1, Tattari, S.2,Turtola, E.1, Lemola, R.1



1Agricultural Research Centre of Finland

2Finnish Environment Institute

 



Snow melt erosion was studied during 1994-1999 at the Kotkanoja experimental field, located in southwestern Finland. Soil of the field is heavy clay, mean slope being 2 %. The depth of soil frost and snow were measured in two plots at the experimental field. Air temperature and precipitation as well as radiation data were measured at Jokioinen climatic station, situated 1 km away from the field. Drainage water and surface runoff were collected and measeured by tipping buckets. Cumulative, flow weighted water samples, were taken for chemical analysis. 



In Finland erosion is a two-phase event, it occurs mainly during snowmelt period and during late autumn. On average, soil is snow covered from November to April in southern Finland. Melting period lasts normally from few days to couple of weeks. Depending on prevailing air temperature, several snow melting events may occur during a winter. Surface runoff, erosion and eroded material in drainage water is highly dependent on surface cover conditions. In this study,  effects of cultivation practices and ploughing on erosion, were investigated.



Snow melt erosion was further studied with erosion data obtained from small agricultural catchments. The aim was to test whether erosion data together with snowmelt data and available catchment characteristics can be used to identify catchments with high loading potential. In this study, factors and hydrological conditions affecting to snowmelt ersosion and its magnitude were analysed.





















































The influence of thaws onto tilled soils erosion within loess areas of Lublin Upland and Roztocze



Wojciech Zglobicki1, Grzegorz Janicki1, Stanisław Pałys2, Jan Rodzik1



1 Institute of Earth Sciences, Maria Curie-Sklodowska University, Akademicka 19, 20-033 Lublin, Poland

2 Agricultural University, Leszczynskiego 7, 20-069 Lublin, Poland



Lublin Upland and Roztocze comprise eastern part of Upland Belt of southern Poland. A third of this area is covered by loess. Diversified relief with significant relative heights (usually 30-80 metres) and dense dry net of valleys is a characteristic feature of this area. Slopes of 5-15( inclination are common here. Fairly fertile lessivé soils of significant thickness (about 1.5 m) predominate. Agricultural usage resulted in deforestation – forests occupy only 10-15% of the area. Such conditions favour soil erosion. Soil profile on slopes is seriously reduced and when inclination exceeds 10( calcium loess appears on the surface. Where relative heights exceed 50 metres, gullies are a usual relief feature.

Yearly average air temperature here amounts to 7.5(C and winter (January) temperature -4(C. Sub-zero daily average temperature lasts usually for 70-80 days a year. As a result ground is frozen to about 50 cm, exceptionally to more than 1 m. Yearly precipitation amounts to 600-650 mm; about 15% of it falls in solid form. Snow covers the land for 70-80 days a year, on average. Often it disappears in the middle of winter as a result of mid-winter thaws. Snow cover lasts for 20-120 days for individual years. It is a result of local climate, which is characterised by significant changeability of weather.

Quantitative research over water erosion of soils in the region has been done for 50 years now. The main aim of the research is to measure surface water and soil flow within agriculturally used small basins without constant outflow. Contemporarily, stationary measurements in five small basins (1.7-6.2 km2) of different degree of relief and forestation are done. After each flow erosive and accumulative forms are also registered. Some smaller basins are also periodically measured. 

The most frequently thaws have been noticed at the beginning of March. Sometimes it happens there are no thaws, and every 10-15 years extreme thaws between 25-75 mm appear. They occur later (even in April), after long, snowy (“continental”) winters. Erosion resulting from them (30-160 t/km2·year) is not as large, as after disastrous heavy rains and as effects of tillage erosion. During thaws there is no splashing effect, slope surface flow is also not so important. However, significant damage may be caused by solifluctive flow of tilled layer, but it occurs rarely. Erosion is the most intense where flow is concentrated in the bottoms of troughs and dry valleys. Deluvial sediments (product of “rain” erosion and tillage erosion) located there are then cut by erosive rills and evorsion pot-holes.

The research follows that within a basin more material is moved by rain flow, while thaws brings more material out of the basin. Thus, “rain” and “tillage erosion” erosion are more important at local scale and thaws erosion at regional one. Measurements of river yield transportation done in river basins of the region confirm that conclusion. The largest amounts of suspensions occur here during thaws.
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Measurement of runoff and erosion from agricultural fields in Norway.



Řygarden, L. Vĺje, P.I



Centre for Soil and Environmental Research, Frederik A. Dahlsvei 20, 1432 Ĺs, Norway.



Under Nordic climatic conditions runoff and erosion is documented to be highest during winter and especially during the snowmelt period. Soil losses varies significantly between fields depending on soil type, topography  and management practices like crop cover and tillage. To put up efficiently means to reduce erosion it is important to document and quantify the erosion losses and factor influencing on the soil losses. For adaption and development of erosion models to Nordic climatic conditions it is important to have field data documenting the different processes. 

   During a 6-year measurement period, runoff and erosion were measured in six catchments (0.3- 3.2 ha) in Ullensaker, near Oslo. Water proportional samples were taken daily during snowmelt and after every rainfall event. Annual surface runoff ranged from10 to 242 med mer between the catchments. The winter period and especially the snowmelt was the most important runoff period (between 47- 100% of annual runoff). Soil conditions such as frozen or unfrozen soil had major influence on runoff amounts and pathways. When snowmelt occurred on unfrozen soil, most of the melt water infiltrated in the smallest catchments while runoff occurred in catchments with valley depressions or levelled clay soil. Even when soil was frozen , substantial runoff was measured as drainage runoff. When rainfall occurred after newly tilled soil, soil losses were high. Soil losses ranged from 17 kg ha-1  to 5248 kg ha-1. Spring tillage and use of grassed waterways reduced soil losses. Winter-wheat had especially high soil losses. Since the hydrological factor is a driving force for runoff more focus should be put to determine the seasonal variations in the runoff contributing area.  

   Seasonal variability of soil physical parameters influencing soil erodibility have been measured in the same fields as the runoff measurements. Soil shear strength and aggregate stability showed a marked seasonal variation with lowest values just after snowmelt period. For Norwegian condition there is a need of more seasonal data to relate soil physical parameters to erosion and for better methods and equipment to capture measurements. 



Frozen soil runoff is generally a weakness in hydrological models and models tested for Norwegian  winter conditions have not yet given satisfactory results. There has been a general lack of data for doing more process based modelling of processes during winter time. Therefore a  more detailed measurements program were started in the Vandsemb catchment (5.1 ha). The amount of suface and drainage runoff is meaured and water proportional samples are analysed for suspended solids. In addition single samples are taken every 2. hour during the snowmelt period both from surface runoff  and from smaller plots inside the field. In this field the ongoing project now studies transport processes in frozen soil and influencing factors and how this affect the soil losses during winter time. The project collects valuable data necessary for modelling hydrological and erosion processes during winter period. The field is instrumented for measurement of soil temperature in various depths, snow depth and density and variations within the field, depth and thickness of frost layer, ground water level. 
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�Influence of snowmelting on the development of the loess Gullies in the Lublin Upland, Poland



Jan Rodzik, Zbigniew Gardziel



Institute of Earth Sciences, Maria Curie-Sklodowska University, Akademicka 19, 20-033 Lublin, Poland



Loess covers about 30% of the Lublin Upland, a region located in the south-eastern part of Poland. Because of relatively fertile lessive soils this territory was deforested and cultivated. Where loess covers slopes of large valleys, inclinations reach 30(, and relative heights may be as large as 100 metres. Such conditions favour gullies development. In the extreme cases gullies net density reaches 10 kilometres per square kilometre. The gullies develop also contemporarily, especially during heavy rains or intensive thaws occurring every 10-15 years.



Field research was done in spring 1996 after frosty, snowy and long winter. Snow cover lasted till the first days of April, when sudden temperature increase caused intensive thaws amounting to about 25 mm, lasting for a few days. The conditions were especially favourable for the development of erosion, piping and gravitational processes within bottoms and slopes of the gullies. Detailed measurements were done for several basins on the area of about 3 square kilometres. Two types of gullies exist here: quasinatural, forested, branched systems incising bottoms and slopes of dry valleys, and road ravines created by erosion of dust roads located on slopes. All these gullies arrive at a small valley of Grodarz creek, Vistula River tributary. The gullies net density amounts here to about 5 kilometres per square kilometre.



During the measurements it was stated, that erosion incisions in the bottoms of the gullies were not significant, because in the main phase of melting flow was taking place on the ground of frozen snow and forest bed. Only in some active branches of substantial bottom inclination, relatively notable erosion occurred on thresholds created by gravitational processes. However, intensive processes were observed on slopes of gullies. Gravitational processes were common in a shape of landfalls, slumps, and even small (up to 50 cubic metres) landslides. Where water outflow from the fields concentrated, suffosion-evorsion hollows development was especially intensive. Old forms were renewed, some new of capacity up to 50 cubic metres were created. The development was accelerated by frozen ground coming down from the faces of the gully and at once carried away by water. Such hollows usually originate the development of new side gullies.



Significant part of the moved material stayed on the bottoms of the gullies, but most of it was deposited in the Grodarz Creek valley bottom. At the mouth of eroded gullies proluvial fans were created. Ditches located along the roads were stopped up with sediments, roads were also places of accumulation. Some of the streets of historic town of Kazimierz were also covered with deposits. Thus, it is necessary to counteract gully erosion, especially because conditions of its development were to a significant degree created by humans.
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Rill and gully development on sandy soils of north-eastern Germany under winter-time soil moisture conditions 



Frielinghaus, M., Seidel, K., Petelkau, H., Helming, K.



Erosion during winter has a significant impact on sandy soils with low structure stability and different horizons of the soil profiles. The results of a compression and shear strength test with different soil substrates, humus contents and soil moistures form the basis for five risk classes (structure risk classes). The tests are conducted using disturbed, field-moisture soil samples in cylindrical boxes. The pistil pressure indicated on the boxes ranged from 50 kPa to 500 kPa at several levels comparable with hydraulic power. The dominating influential factor was the soil substrate, which had different textures in all of the tests.



While soils with a higher clay concentration experienced little destruction and rill or gully development , sandy soils with lower clay and silt concentrations were extremely adversely impacted . These results suggest that the development of linear forms is exceeded at lower hydraulic pressures for sandy soils.



The highly significant results allow for differentiation of the five classes with different potential soil destruction risks dependent on the soil substrate and the water content. 



Different databases and soil maps are available for the classification of the soils. The basis used for an indication of potential winter erosion risk is derived from the soil substrate type classes of the MMK (Mesoscale Agricultural Soil Mapping 1:25.000) (Lieberoth et al., 1983). 

The potential risk groups are: 1 low at risk soils- alluvial clay soils; 2 moderately at risk soils-alluvial loamy soils; 3. significantly at risk soils- loamy soils with stagnant water, 4. highly at risk soils- sandy loam and loamy soils without stagnant water; 5. extremely at risk soils-sandy soils.



The basis for an indication of the real winter erosion for these soil groups is the soil water content and the kind of the soil tillage pattern at the beginning of winter period. The hydraulic pressure of the water flow concentration in wheels increases about the value of the highest pistil pressure, initiated in the compression and shear test. Locally, the energy of whirls exceeds the shear resistance of the soils.



The evaluation of the soil stability and the indication of the soil surface pattern forms the framework for land use management decision-making.
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Aggregate stability analysis for freezing environments



Lehrsch, Gary A.



USDA-ARS Northwest Irrigation and Soils Research Lab., 3793 N. 3600 E., Kimberly, ID, USA.



Freezing and thawing deteriorate field soil structure, particularly where relatively wet, medium-textured soils are repeatedly frozen and thawed.  Erosion is often excessive when rain falls on snow-covered soil or when water from melting snow flows across sloping, residue-free frozen or thawing surfaces, particularly surfaces with weak or unstable aggregates.  While numerous techniques exist to measure aggregate stability, recent research shows that some techniques are better suited than others to detect the sometimes subtle effects of a few freeze/thaw cycles on aggregates.  The analysis of field-moist (not air-dried) aggregates, aerosol-wetted just prior to wet sieving, is recommended for those environments where snowmelt runoff causes most erosion.  Wet-sieving forces exerted upon aggregates best simulate erosive forces of overland flow from snowmelt.  To best characterize soil aggregate response to freezing and thawing, laboratory experiments should closely mimic field conditions.  To do so, undisturbed soil samples could be collected from the field for subsequent laboratory experimentation and analyses.  Secondly, before the soil sample is frozen, it should be wetted to a water content common at the soil surface when snow melts in the spring.  Thirdly, samples should be insulated so that freezing proceeds downward from the sample’s surface.  If field soil texture varies little with depth near the surface, soil from a disturbed field sample should be packed into thermally non-conductive, rigid-wall containers at bulk densities similar to those in the field.  To simulate frost heaving, soil should be slowly frozen at -2 to -5 degrees C with access to liquid water as it freezes to permit thermal gradient-induced water flow to successive ice lenses.  If soil samples are frozen without access to water, each sample should be sealed in a water vapor-proof bag to prevent freeze-drying.  After undergoing the desired number of freeze/thaw cycles, aggregates from thin (e.g., 10- to 15-mm thick) layers should be analyzed, since their resultant stability will be partly a function of their proximity to an ice lens in the sample when it was frozen.  To better interpret experimental findings, investigators should employ numerical models that simulate soil water redistribution, ice lens formation, and frost penetration in freezing soil.  Adequate characterization of the effects of freeze/thaw cycles and climate on aggregate stability can help land managers select crop residue and soil management systems to improve or maintain soil structure, control snowmelt-induced soil erosion, and sustain agricultural productivity.
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Field assessment of soil properties affecting runoff and erosion during spring thaw in the northern U.S.  Corn Belt



Sharratt, B.



USDA-ARS, North Central Soil Conservation Research Laboratory, 803 Iowa Avenue, Morris, Minnesota, USA



The flood of the Red River of the North in 1997 has most recently demonstrated the impact of frozen soil on surface water runoff in the northern Great Plains of North America. Indeed, runoff was accentuated as a result of frozen soil impeding infiltration during snowmelt in the spring of 1997. 



This study examined the impact of land management practices on surface water runoff and erosion during spring thaw. Runoff and erosion were assessed over four years in west central Minnesota. Simulated rain was applied at 64 mm h-1 on four dates during spring thaw to a clay and a loam subject to autumn moldboard plow or chisel plow. Corn residue was removed or retained on plots prior to tillage in the autumn.



Runoff and soil loss after a 96-mm rain during spring thaw averaged 6.0 mm m-2 and 1.5 kg m-2, respectively, across soil types and years. Analysis of variance indicated that date of simulated rain and residue cover influenced runoff while only residue cover affected soil loss. Regression analysis determined that runoff was abated by drying, roughening, and thawing soils. In addition, runoff, random roughness, soil water content, and residue cover explained nearly 60% of the variability in soil loss occurring from a spring rain.



In cold regions where autumn tillage is utilized to expedite soil warming and planting of seeds in the spring, roughening and rapidly thawing the soil or retaining crop residue on the soil surface may be desirable for minimizing surface water runoff and soil erosion during spring thaw.
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Influence of winter weather conditions on surface runoff and erosion on a silt loam in central Norway



Trond Knapp Haraldsen1, Tore E. Sveistrup2, Vera Marcelino3
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Monitoring of weather conditions, surface runoff, drainage discharge and particle and nutrient transport in surface runoff and drainage pipes was carried out in the period 1990-1997 on a silt loam soil at Skjetlein, Trondheim, central Norway. The slope of the field was 13-15 %, which is a natural slope. The field had three generations of artificial subsurface drainage systems: stone drains more than 100 years old, tile drains from 1921, and plastic pipes with spacing 7 m, installed in 1989. 



During the period 1989-1993 the field was used for spring barley with three different systems for seedbed preparation. In the period 1994-1997 the field was used for perennial grass ley.



Table 1. Runoff and soil loss at Skjetlein under different cropping systems

�Cereals�Ley���Autumn ploughing�Spring ploughing�Spring harrowing�Perennial���Drain�Surface�Drain�Surface�Drain�Surface�Drain�Surface��Discharge, mm/year�430�26�388�53�405�54�517�50��Soil loss, kg/ha/year�619�38�389�20�378�25�390�4,7��

The main loss of soil particles occurred through the drainage systems both in the period of cereals and the ley (Table 1). In 1996 surface runoff was less than 5 % of the total discharge from the field, while it was about 20 % in 1993. Surface runoff was mainly recorded in the winter period. Periods with rain on frozen or thawing soil caused high surface runoff and associated particle loss, and snow melt on frozen or thawing soil also yielded high surface runoff. In most years the domination process for particles transport from the field is through the drainage system. The soil has high macroporosity dominated by earthworm channels. Infiltration with 25 mm methylene blue stained water during one hour gave no surface runoff, but methylene blue stained water was observed in tubular macropores at 1 m depth. Several earthworm channels were found oblique in direction of the drainage pipes. Therefore stained pores were found all down to the tile drains. Evidence of transported and translocated soil material was found as clay, silt and mud coatings on aggregate faces along the cracks and in several macropores below the plough layer. 



A large erosion episode was observed at the field in 1978. The soil had deep frost, and was covered by snow before heavy rain started. The soil was bare after harvesting of swedes. After some days with heavy rain the upper part of the frozen soil had thawed and rill and gully erosion was observed. Large erosion episodes is one of the reasons why the organic carbon content in the soil is approximately the half of other sites in the area where no severe erosion has been observed.  



Soil erosion during snow-melting: results of 15 years observation in Central Russia



Golosov V.N., Litvin L.F., Larionov G.A., Krasnov S.F.



Soil erosion during snow-melting period is observed within most parts of cultivated lands of Russia. Our investigation were organised in 1982 in the middle reach of the Protva river basin which are located in 100 km south-west from Moscow. Nine slope watersheds with area from 0,5 up to 12 ha were chosen for detail study of water and sediment runoff. Watersheds have different configuration with slope length 30-290 m and gradients up to 7o. Measurements of water discharges and samples for determination of sediment concentration were taken each hour from 8 a.m. till 9 p.m. and each 3 hour during night time. Measurement of snow cover distribution before beginning of snow-melting were done within each watershed according grid system. In the same time depth of frozen soil were determined within different part of watersheds and incremental samples for calculation of water content in soil were taken within different points. Meteorological parameters were measured during whole period from the date of snow cover measurement till the end of snow-melting. Detail topographical and soil surveys were done for each watershed before the start of regular observation.



It was found the serious variation from year to year in runoff coefficient and erosion rates depending from different factors. Maximum erosion rate (up to 8 t ha-1) was recorded in 1983 when unusual warm air mass invaded in Central Russia and promoted to melting of total snow stocks during 3 days. However surface runoff was absent during snow-melting in 1990. Mostly erosion rates depend from type of cultivation, corns and watershed morphology. For example, mean erosion rates from hollow watersheds on winter corns in 8 times higher than from watershed with smooth relief. However relationship between different factors should be taken into consideration for elaboration of erosion model for snow-melting period. Detail analysis the results of 15-years observation will be presented.  
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III. Modelling: infiltration, runoff and soil erosion during winter periods



�Evaluating and modifying the winter routines in WEPP 



McCool, D. K. and C. Lin



USDA-ARS-PWA, Land Management and Water Conservation Research Unit, Pullman, Washington, 99164-6120 USA



Evaluation of WEPP (Water Erosion Prediction Project) of USDA-ARS indicated that the winter subroutines in this model predict longer soil freezing periods and deeper frost depths but less runoff than actually observed in many areas.  An energy budget approach was selected and tested for its potential in replacing the current winter subroutines in WEPP.  This approach has been used to model snow pack development and snow melting in many studies.  It has also been used to predict the occurrence of soil freezing. This project further develops the energy concept to quantify temporal depth variation of soil frost.  The concept is based on an energy balance relationship composed of four components, net radiation, latent heat, sensible heat and the heat flow through the soil surface.  Hourly and daily calculation schemes for snow accumulation and melt, and frost penetration and thaw, were developed and tested independent of the WEPP model.  Both schemes performed adequately, but the hourly version was chosen because of the observed rapid change in soil freezing conditions in the field.  Preliminary results of testing the modified WEPP model with observed data from Minnesota and Washington show this approach to be a significant improvement over the current winter routines, although predicted runoff is still less than observed.     
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Runoff event simulation using WEPP on two Norwegian arable soils



Grřnsten, H. A.



Department of Soil and Water Sciences, Agricultural University of Norway, P.o. Box 5028, N-1432 Aas, Norway





Fourteen runoff events from the years 1997 and 1998 were simulated by WEPP (Water Erosion and Prediction Project) and compared with field observations on two arable soils with grain production in south-east Norway. The chosen events include storms that occurred over one single day and they are all within the winter, early spring and late autumn period. The two soils are silty loam (Bjřrnebekk) and loam (Syverud), with rather different soil structure and hence dissimilar susceptibility to erosion by water. Slope lengths at the two sites are 21 m and 30 m, respectively, and the slope steepness is 13%. At Bjřrnebekk four different management systems were used, namely autumn and spring ploughing, autumn harrowing and early autumn ploughing (for winter crop rotation). At Syverud only the two first management systems were used. For parameters not continuously measured, a pre-simulation in WEPP’s continuous mode for the two years were performed and then output values were used as initial values needed for the event simulation. The result were further divided into results under winter and non-winter conditions, were winter conditions are defined in WEPP as days either having a snow or frost layer or having the mean daily air temperature below 0(C. Using the WEPP recommended values for baseline hydraulic conductivity, which control the infiltration, the model did not simulate runoff for any of the winter events. It seems that the model uses a too high effective saturated conductivity under frost conditions, at least for these two Norwegian soils. After setting this parameter to the lowest possible value, 0.08 mm/h, the model still greatly underestimates the runoff from all management systems at both sites. For the events under non-winter conditions, WEPP did only simulate runoff for 39% of the observed runoff events using the WEPP recommended values for the infiltration parameter. For these runoff events however, WEPP tended to over predict for relatively small runoff events (< 5 mm), while it under predicted for larger runoff events (> 5 mm). 
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ERONOR/USLENO, new empirical erosion models for Norwegian conditions.



Lundekvam, Helge



Agricultural University of Norway, Department of  Soil and Water Sciences, Box 5028, N-1432 Aas, Norway.



Erosion models like (USLE, CREAMS/GLEAMS, WEPP, EUROSEM) have been tested in Norway by different researchers with limited success. Most of them have failed because winter hydrology and  winter erosion and erosion due to moderate rainfall at saturated conditions in autumn have not been properly handeled. Empirical pedotransferfuntions developed abroad for calculating permeability and  erodibility often do not work properly on Norwegian soils.



Under the interdisiplinary research program MILDRI (Evironmentally friendly agriculture) it was decided to develop a rather simple, empirical but dynamic erosion model  (ERONOR) calibrated under Norwegian conditions. The basic principle of the model is that soil loss is the product of runoff and particle concentration both for surface and drain water. To calculate surface and drain runoff, both the Swedish SOIL hydrology model and a newdeveloped hydrology model are used. Both these models work on a dayly basis requiring dayly weather data. Soil data are also necessary.



Particle concentration in runoff water is supposed to vary with the following factors: soil erodibility, slope, slope length, runoff, rainfall, snowcover, soil saturation and frost in soil, soil cover due to plants and plant residues, soil consolidation. The effects of the factors are different for surface and drain water. The model is calibrated against erosion plot data.

The model is supposed to calculate sheet and rill erosion on surface and soil loss through tile drains. It works on homogenious slopes, and deposition is not accounted for. The model at the moment calculates several common cultivation systems simultaneously. In addition to hydrology, soil, and topographic data, the model needs imput on plant growth and tillage systems.



The purpose of the model is to give reasonable estimates of long term erosion risk under different climates, soil types and agricultural systems in Norway.  So far the results are promising.



The K, S and L factors of the ordinary USLE have alle been changed, and the C-factors are based on Norwegian erosion plot trials. Since snowmelt erosion is important for erosion in Norway, calculation of rain energy in USLE is not sufficient. However, if soil loss is measured in plot trials and the other factors in USLE are calculated, it is possible to calculate a hydrology factor in USLE indirectly. Also, ERONOR can be used to calculate average soil loss and thus to calibrate the hydrology factor of USLE for different climates in Norway. The Norwegian version of USLE thus is termed USLENO. 



The hope is that  ERONOR and USLENO in combination will be useful tools in soil and water conservation planning at different levels in Norway.
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Using a simulation model to assess the impact of climate change on water and nutrient management of soils



Ilona Bärlund, Seppo Rekolainen and Kirsti Granlund



Finnish Environment Institute P.0.Box 140, 00251 Helsinki, Finland



The future scenarios for climate in northern Europe suggest an increase in both mean annual temperature and precipitation. The projected changes are not distributed evenly throughout the year, but the increase in both temperatures and rainfall is higher in winter than in summer. We have studied, as a part of an EU-project CHESS, the impact of climate change on surface runoff and soil loss in a river basin in southern Finland. As predictive tools we have used a field-scale dynamic simulation model.



The Vantaa river basin selected in this study, locating in southern Finland, has a total area of 1680 km2, of which ca. 30 % is arable. It is discharging to the Gulf of Finland, where eutrophication is a serious environmental problem. The model used in this study is a field-scale model ICECREAM (Tattari et al., 2001), which simulates water balance components, soil and nutrient losses, using daily weather variables as driving forces. The results were up-scaled to cover all arable land within the basin by combining the field-scale results to the geo-referenced information on soil-slope-crop combinations.



The impact of climate change was investigated by comparing the model results for all relevant soil-slope-crop combinations with present day (30-year weather records 1961-1990) to those obtained using similar weather series provided by four Global Circulation Model (GCM) scenarios. The GCM model scenarios used were CGCM1 (Flato et al. 1999), CSIRO-Mk2 (Hirst et al. 1996), ECHAM4 (Roeckner et al. 1996) and HadCM2  (Johns et al. 1997). Of all model scenarios the 30-year ’window’ centred at 2050 was used.



As annual average scenarios, the HADCM2 model suggests smallest increase for temperature and precipitation (+3.1oC and +99mm), whilst the ECHAM4 gives higher increase (+4.4oC and +156mm). For monthly changes, all models predict increase in temperature throughout the year, whilst precipitation is supposed to increase clearly in winter, but some of the models suggest a decrease in summer, HADCM2 already in spring (Fig. 1). The projected increases in winter months for southern Finland mean that the monthly average temperature is around 0oC also during the coldest months, while at present the mean temperature stays below zero for about four months. 

�

Fig. 1. The projected monthly changes in temperature and precipitation by the used GCM scenarios.



In this paper we present the impact of different GCM scenarios on surface runoff, soil loss, dissolved reactive phosphors (DRP) in surface runoff and sediment-bound phosphorus losses from arable land within the Vantaa basin. All the other scenarios but HADCM2 predict increase in surface runoff (Fig. 2). This is reflected as increase of both soil loss and sediment-bound P, but the relative increase in soil loss is clearly higher than the increase in surface runoff. Unexpectedly, the model results suggest a decrease in DRP losses.



�



Fig 2. The relative change in surface runoff (Qsurf), soil loss (sed), DRP in surface runoff (P Qsurf) and sediment-bound P (Psed) caused by different GCM scenarios compared to the baseline climate.





The reason for the estimated decrease in DRP losses is the distribution of soil texture within the basin: 70% of the arable land consists of clay soils. According to the model estimates the increase in clay soils is smaller for DRP than for water amount, while in coarser soils both decrease, but DRP more that surface runoff. When all single field results are integrated, it results in increase for surface runoff and erosion, but a decrease for DRP loss. 



One of the most striking changes in the monthly distribution of all studied variables is the big change in spring. Presently, ca 30% of the annual precipitation comes as snow, which causes a high runoff peak in spring, late March or early April. Due to climate projections, this peak will almost completely disappear, but a high increase in runoff during all winter months is expected. This will change accordingly also the distribution of soil and nutrient losses, and has also consequences in the off-site impacts of erosion. 
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�Evaluating the effects of snowmelt on soil erosion using the EROSION 3D model 



Weigert, A., Werner, M. and J. Schmidt



Technical University Freiberg, Soil and Water Conservation Unit, Agricolastr. 22, 09599 Freiberg, Germany.



Rainfall is a major input value for every water balance model and a driving force for erosion modelling. Under the meteorological conditions of Germany a considerable amount of the yearly precipitation is snow. Percolation into the soil and surface runoff are delayed. Changing meteorological conditions can lead to a sudden release of melted snow water. This can cause a high surface runoff rate and erosion, especially if the infiltration rate is low on frozen soil. Therefore, a snow accumulation and snowmelt module has been added to the existing EROSION 3D model (von Werner 1995, von Werner & Schmidt 1996).



First, a review of existing snowmelt models has been carried out. The models have been examined regarding the availability of input data and the compatibility with the EROSION 3D model. Finally, a module was implemented which estimates snowmelt from the air temperature and the internal energy of rainfall. Retention of melted snow and rain within the snow cover is included in this model. Other processes, such as the temperature flux within the snow cover or effects of wind and interception, are neglected. A high amount of parameters have to be quantified in order to reflect these processes.



As a first test the EROSION 3D snowmelt module has been applied to the Hoelzelbach catchment which is located in the Osterzgebirge Region of Saxony.



Snowmelt was simulated under frozen soil conditions and high soil water content so that infiltration into the soil could be neglected. Five variants for land use (bare soil, winter wheat and winter barley for conventional and conservation tillage) have been simulated. The test runs show that winter precipitation generally does not lead to substantial erosion, because rain intensities are much smaller than in summer. Only if the soil is frozen and the infiltration rate is zero do continuous rainfall and snowmelt lead to considerable soil losses. The marginal winter soil cover increases this effect.
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�Flow width – discharge relations for rills and (ephemeral) gullies.
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Scientific interest in modelling the (ephemeral) gully erosion process has recently increased. On a European level, MWISED (Modelling Within-Storm Erosion Dynamics) attempts to predict where and when ephemeral gullies will develop in the landscape under a range of environmental conditions and for North-America, USDA – NRCS has explicitly recognised the need for improving existing ephemeral gully erosion models. A crucial problem related to linking a physically based (ephemeral gully) erosion model to a hydrology routine, is that mean concentrated flow width at a given point in the landscape has to be known to be able to calculate the erosive power of the concentrated flow at any of these points in the landscape. Hydrology routines generally produce flow discharge, from which mean concentrated flow width can be derived, if mean flow velocity is known. But standard procedures to calculate this flow velocity (Manning’s formula) require flow width to be known.



Most erosion models that include ephemeral gully or channel erosion overcome this difficulty by requiring flow width as an input parameter. EGEM (ephemeral gully erosion model) has a different strategy as it uses an explicit prediction equation that estimates flow width from its controlling variables (slope, peak flow discharge, Manning’s roughness coefficient and critical flow shear stress). Testing and calibrating this equation for two contrasting European environments revealed that it is very difficult to predict flow width reasonably well, because accurate assessment of some of these controlling variables is merely impossible.



Therefore, inspired by research conducted on rivers, the potential of predicting flow width (W) using concentrated flow discharge (Q) was investigated. WEPP already uses a Q – W relation to estimate rill width and also for rills and gullies that initiated in north-west Siberia (Yamal Peninsula) such a relation exists. This study aims to generalise Q-W procedures and therefore a critical analysis of thirteen data sets has been conducted. These data sets represent rills, gullies and even small rivers that occurred in different types of environments (amongst which permafrost areas) and cover a range in flow discharges of almost 7 orders of magnitude. Resulting Q-W relations revealed that a specific flow width prediction equation is needed for 1) rills that initiated in cultivated top soils, 2) ephemeral gullies that initiated in cultivated top soils and 3) rills and ephemeral gullies that initiated in areas where permafrost conditions prevail.
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�Probable effects of climate change on soil erosion in Southeastern Norway elucidated by erosion plot experiments.



Lundekvam, Helge



Agricultural University of Norway, Department of  Soil and Water Sciences, Box 5028, N-1432 Aas, Norway.



It has been estimated that  Scandinavian countries will experience higher temperatures especially in winter, increased precipitation especially during autumn and early winter and an increase in extreme weather episodes creating higher floods. 

One example of a new climate may be the extreme year 2000 when yearly precipitation at Ĺs was 150% of normal (1961-90) and the precipitation for October and November  was 230 and 390 % of  normal with no frost before December 18.  

Results from erosion plot experiments for the years 1992-99 were compared with results from year 2000. In addition a soil frost indicator and the precipitation distribution for the years 1973-99 was evaluated before and after an increase in air temperature of  2 degrees centigrade  for November-April and a 20% increase in precipitation September-February.

Erosion plot experiments included soil types A) levelled silty clay loam and B)  loam soil with high aggregate stability. Cultivating system was spring grain with autumn plowing. Runoff conditions were grouped depending on snow factor (SF): SF=0 with no frost or snow, SF=1 with frost in soil but little or no snow and SF=2 with frost and relatively deep snow cover. For soil type A, surface runoff increased from 257 mm/year (1992-99) to 500 mm/year (2000) and soil losses from 4 to 16 tons/ha/year. Both surface runoff and soil loss for year 2000 was higher than maximum  for all of the previous years. For soil B surface runoff and soil losses were much smaller, but  increased from 0.12 to 0.46 tons/ha/year. Surface runoff for 1992-99 was distributed on snow factor as follows: SF=0 (23%), SF=1 (50%) and SF=2 (27%) while soil losses were distributed as: SF=0 (37%),  SF=1 (60%) and SF=2 (3%). For the year 2000 there was no surface runoff  at (SF=2) while 71% of surface runoff  and 84% of soil loss occurred during condition SF=0. Similar results were obtained with soil B.

Thus, condition SF=2 plays an insignificant role for soil loss, while SF=0 and SF=1 are very important. Infiltration rates on soil type A was calculated to be lower than 1 mm/hour on saturated soil after autumn plowing. Such an intensity is easily exceeded by normal autumn rains at Ĺs. Also the infiltration capasity of soil B was sometimes exceeded  due to low permeability in deeper layers.

Experience and analysis of  weather conditions at Ĺs 1973-1999  showed that surface runoff due to frozen soil occurred every winter, and this was still so after an increase in winter temperature of  2 degrees. However, there would altogether be less  snowfall and more rainfall both  winter and autumn due to increased  precipitation.

The proposed climatic changes will thus produce a shift in erosion conditions from  SF=2 to SF=1 and SF=0 meaning an increase in soil losses both with surface and drain water in climates like Ĺs, especially on soils with moderate to low permeability. Climates with mostly SF=2  will have more SF=1 and increased erosion. Climates with some SF=1 and mostly SF=0  will have less SF=1 but more SF=0 , most likely producing increased erosion.
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�Observations on snow melt effects on the Northern Apennine shales (Italy)



Christian Iasio1, Giovanni Ferrari1, Ugo Galligani1, Lorenzo Borselli2 and Dino Torri2



1 Dept. of Soil Science, Univ. of Florence, Florence, Italy

2 CNR-IGES, Florence, Italy



The experimental area is located in central Italy, along the border between Tuscany and Marche, on the slopes of mount Sasso Simone (1200 m asl) at approximately 800-900 m asl. The alluvial and colluvial ancient blanket has been totally incised and removed by surface rejuvenation, forming residual armoring surfaces on the plains or exposing the substrate. Erosion takes place through soil slips, mass movements, gully erosion, piping and intense creeping on shale and marls outcropping. The landscape is rapidly evolving in steep badlands chaotically dissected by gullies. Differences between the lithologies also produce different erosional forms, according to different saline contents and clastic fraction of these terrains.

Climate in the study area (Cfb according to Köppen) is presently humid-temperate, with no arid season and monthly temperatures ranging between 10°C and 22°C for longer than four months per year. Average annual rain falls within 1220 and 1330 mm ( period 1921-1950).

Winter erosion in this area is driven by snow melting, which occur at least 4-5 time per year, despite snow mantle may persist until April. The dispersive behaviour of part of the outcropping material makes the area particularly sensitive to snowmelt. Snow melt triggers piping and mudflows on material that has been fractured and weathered by autumn rainfall and by freeze and thawing cycles. Field observations point at an important role of snowmelting in removing from dales and footslopes debris, which was produced by previous rainfall. This process certainly maintains constant or even lowers the base level in dales keeping erosion on slopes active. The forms caused by this type of erosion are quickly reworked during the first spring rainfalls. Part of the transported material (especially the one removed as mud flow) seems to form a sort of terrigenous “outwash plain”. 

This dynamic makes snow melting, thanks to the processes it activates, an important factor in the evolution of badland slopes and in the coupling of slopes to the channel network. 







































Measuring and modelling unfrozen water content by using TDR and the DAISY model for a high arctic location in NE Greenland



Peter van der Keur 1, Bent Hasholt 2 and Sřren Hansen 3
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In the Zackenberg area in NE Greenland continuous measurements of unfrozen water content by TDR and soil temperature were made in a soil profile at depths of 10, 20, 30, 40, 50 and 60 cm for the period August 1996 to July 1997. Temperature and unfrozen soil moisture content time series and soil freezing characteristic curves were constructed for the freezing- and thawing period in order to study thermal and hydrological processes at 6 different depths. The DAISY SVAT model is adapted and applied to simulate unfrozen water content. Isolines for unfrozen water content and isotherms were plotted and compared to measured depths to frozen soil by physical probing. During thawing in Spring 1997 it is demonstrated how TDR measured unfrozen water content isolines can be used to approximate the active layer depth and how this can be simulated by the DAISY model.  
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Soil erosion due to avalanches – measurements on an avalanche cone
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Erosive effects of snow are distincted between stationary snow on gentle slopes and snow moving down steep slopes in the form of avalanches. A downhill settling motion within the snow, known as creeping as well as an translative motion of the whole mass of snow on the ground beneath it (slipping) may develope into an avalanche. As a result of creeping and slipping the ground may be torn open and scraped away. Whole lumps may be loosened and pushed up. The material mixes up with the avalanche and is usually deposited on the valley floor. Especially in spring wet and heavy ground avalanches occure, developing considerable erosive forces. 



The present investigations were part of a study conducted to provide informations about soil erosion and its influence on the silting up of a power station reservoir in the Sölk valley / Styria / Austria. Among others an avalanche cone gave the oportunity to study kind and quantity of the eroded material from a ground avalanche. The avalanche cone survey was carried out in different thawing states in order to monitor its developement. Blocks of avalanche snow mixed with rubble and soil were taken from the cone. Their liquid, organic and mineral components were analysed. After the melting of the avalanche snow the vegetation developement from open to closed canopy was observed. Pioneering plants as well as grass tufts and plant fragments from above take root and start to stabilize the deposited soil. To determine the further deposition and erosion of the avalanche material the cone was irrigated by use of a transportable spray irrigation installation. In these experiments runoff formation and its erosive force were simulated for the case of heavy rainfall.



Annually great masses of soil are eroded from the mountains in the alpine region due to nivation (snow erosion) and avalanches. Only a small part of the upwards eroded material is permanently deposed on the valley floor. In case of heavy rainfall a main part is taken up by surface flow and transported to the channels, rivers and finally to the reservoir.
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Suspended Sediment Losses During Snowmelt in the Central Sierra Nevada, Nevada
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Relationships between snowmelt discharge and suspended sediment concentrations are complicated by a hysteresis effect.  Until now, most researchers investigated hysteresis loops using qualitative tools describing their direction (clockwise or counterclockwise).  A quantitative way to study these loops would ease comparison of results of sediment losses between events.  The objectives of the present study were to 1) develop a technic quantify the hysteresis of sediment transport and 2) use this technic to compare hysteresis behavior on a daily basis.  The study area is situated in a forested subwatershed of the Incline Creek watershed (Nevada). This area received more than 90% of its precipitation as snow.  From April to May 2000, sediment concentration in the stream was measured using a turbidity sensor placed at 40cm above the bed and situated 2m upstream of a weir station.  Turbidity measurements were taken at every 250ms and an average value of voltage was stored in a datalogger at 2min-interval.  For turbidimeter calibration, manual sampling and filtration (GF/C) of stream water were performed.  For each event, coupling of suspended sediment concentration with discharge during the rising limb and the falling limb was made.  The resulting hysteresis curves are characterised by 1) computing a regression equation for the rising and falling limb and 2) determining an index (H) using the following regression equation:

�EMBED Equation.3���



The results showed that the hysteresis phenomenon increase with the average slope ((Q/(t) of the rising limb of the hydrograph.  Indeed, a rapid increase in flow up to 0.0075 L/s2 increased H up to 3.5.  This could be explained by an increase of sources of suspended sediment at a relatively high rate.  However, above 0.0075 L/s2 there was no good agreement between average slopes of the rising limb and hysteresis indices meaning that others factors than discharge acceleration seem to interfere.        
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Snowmelt erosion in vineyards



Laszlo,P.



Research Institute for Soil Science and Agricultural Chemistry, Herman Otto 15, 1022 Budapest, Hungary



In the north-eastern part of Hungary, wine can be produced under optimal climatic conditions. There are long periods of sunshine and a moderate temperature regime during the vegetation period on hilly areas. Tokaj-Hegyalja is the most famous wine region in Hungary. This area is well known for the famous sweet white wine, so called Tokaji aszú. Grape plantations are found on volcanic soils in most of the territory and on loess on the Tokaj Mountain. The main cropping practices used for vineyards in the Tokaj region of Hungary are leading to accelerated soil losses in most of the area. Because of the scanty vegetative cover, the hillsides were poorly protected against erosion and became dissected by deep gullies. Colluvium accumulated locally at the base of the slopes. The currently observed soil profiles are the result either of truncation of varying degree, often to the parent (bed rock) or, in contrast, of accumulation of material.



The winter period in Tokaj is cold. Frost occurs on an average of 100-105 days a year with snow cover from 22nd of November till 19th of March. The snow cover is 22 days a year but the depth of the snow is relatively small in average 17 cm. Mainly at the end of winter and at the beginning of springtime appears snowmelt erosion in this area. When the rate of melting exceeds the rate of infiltration of water into soil, water starts to flow over the surface of sloping land. The flowing water carries soil particles along and removes the top layer as a sheet across the soil surface. In cultivated fields water concentrates in depressions and then begins to flow down in microchannels or rills. Due to the acceleration of the velocity of moving water in rills detachment and transport of soil particles are both greater in rill erosion than in sheet erosion. Initially rills are 2-5 cm wide and deep. Because of frozen soil in deeper layer rills can not be deeper and deeper. Therefore the width of the rills are growing. Gullies occur, either where runoff from a slope increases sufficiently in volume or velocity to cut deep incisions, or where the concentrated water flows long enough in the same channel to develop deep incision. Gullies started in ruts made up and down hill by the movement of machinery.



The rate of erosion depends on the depth of frost in the soil. Rain falling at frozen soil causes all rainwater to runoff. If velocity is great enough, considerable soil particles are detached and carried off. Temperature variation from the north to the south side of the hill has an effect on snowmelt erosion. In the slopes facing south get the sun more directly than slopes of other aspect, and the soil warms more. These factors make these slopes more susceptible to snowmelt erosion than those facing north. Rates of erosion follows the spatial pattern with the higher soil losses in southerly slopes during snow melting period. Alternate freezing and thawing loosens soil and makes it easily detached by rain or by runoff water from melting snow.
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Methodological approach to characterise conditions for winter runoff generation in a low-mountain area in Germany
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The runoff generation during winter conditions, as well as, the related erosion and transport phenomena are of high importance in the low-mountain areas of Germany. In contrast to northern Europe or the more continental part of eastern Europe, varying weather conditions are dominant in Germany, which are characterised by high spatial heterogeneity and temporal variability, e.g. snowmelt, occurrence and intensity of soil frost or warm air surges in combination with rainfall events.



The poster presents the methodological approach and the instrumental equipment for the research catchment “Schäfertal” in the Harz mountains, NE-Germany. The outlet of the 1.44 km˛ catchment is at an elevation of 392 m a.s.l. and the catchment ranges within 83 m. The orthic Luvisols and Cambisols, which have developed on the loess sediments on the slopes are used intensively for agriculture. The eutric Gleysols and Fluvisols at the valley bottom are utilised for pasture or meadow.



The instrumentation station is located at the catchment outlet. In addition to the registration of meteorological standard parameters (air temperature, air humidity, air pressure, wind speed and wind direction) the energy flux is measured automatically with sensors for short and long wave radiation, PAR and heat-flux. Several temperature sensors at different above-ground hights and soil depths are also installed. For the monitoring of the snow cover “PEEP” sensors are used, in which additional temperature sensors have been integrated. Manual measurements of snow cover height and water equivalence are conducted in four transects with 35 and 80 sampling points, respectively, to characterise the spatial heterogeneity of the snow cover. The water balance is measured with three automatic rainfall gages, “watermark” soil moisture sensors that are distributed over a slope, TDR measurements and tensiometers. Continuos measurements of discharge, ground water table, hydrograph separation with 18O, estimation of water quality parameters and also manual and automatic water sampling for sediment yield and phosphorus load complete the measurement program.



Objective of these efforts is to characterise the varying conditions during winter and the main parameters of influence for runoff development and sediment/nutrient budged. In addition, the dataset is used to estimation nonpoint pollution with a deterministic model.



Keywords: methodology, runoff generation, Germany, nonpoint pollution





Corresponding author: Gregor Ollesch

UFZ – Centre for Environmental Research, Brückstr. 3a, D-39114 Magdeburg, Germany,

Tel: +49 (0) 391 8109660, Fax: +49 (0) 391 8109699, email: ollesch@gm.ufz.de 

   







Monitoring erosion and nutrient losses at catchment scale in Norway



Bechmann, M., J. Deelstra and H. O. Eggestad



Jordforsk, Centre for Soil and Environmental Research, Frederik A. Dahls vei 20, N-1432 Ĺs, Norway.





�

Since start of the 1990s a nationwide Agricultural Environmental Monitoring Program has been going on in Norway. One of the major objectives of the Agricultural Environmental Monitoring Program in Norway is to document the effect of different agricultural production systems and site-specific characteristics on erosion and nutrient losses to surface waters. The program registers and reports on the extent of erosion and nutrient losses from 10 different agricultural dominated catchments varying in size from 65 - 8700 ha under various agro-climatological conditions representative for the country. 

The water quality data comprises flow-proportional composite samples of total-nitrogen (TN); total-phosphorus (TP) and suspended solids (SS) combined with continuous water discharge measurements. Information on agricultural practices is collected each year from farmers in eight of the catchments and from agricultural statistics in two of the catchments. 



Results

�



�

Mean annual losses of SS vary between 80 kg ha-1 and nearly 3 000 kg ha-1 arable land. Highest loss of SS is measured in catchments with both cereal and livestock production. Mean annual losses of TP are highly related to transport of suspended solids and vary from around 0.4 kg ha-1 in catchments with low erosion to around 5 kg ha-1 in catchments with high erosion and high livestock density. High losses of TP are also measured from a catchment dominated by peat soil. The losses of TN are highly correlated to runoff, except for low losses from the peat soil catchment. Mean annual TN losses vary from 20 kg ha-1 to nearly 100 kg ha-1, and is highest in catchments with high livestock density combined with annual crops. Lowest losses of TN are measured from two catchments with cereal production and low livestock density as well as from catchments with low production intensity.



�

Monitoring on catchment scale gives the overall effect of many different agricultural practices and site-specific characteristics in one point. Variations in erosion and nutrient losses are a sum of positive and negative effects within the catchment area. Nevertheless, the results suggest that erosion and nutrient losses be related to a set of agricultural practices and site specific characteristics.
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�Freezing physical weathering as a key process of badland dynamics at Vallcebre, Eastern Pyrenees



Regüés, D & Gallart, F.



Institut de Cičncies de la Terra "Jaume Almera" (C.S.I.C.), c/Solč i Sabarís s/n, 08028, Barcelona, Spain.



Physical weathering processes were studied on badland surfaces in the mountainous Vallcebre basin (South Eastern Pyrenees) for a three-year period. Two ground temperature profiles, north and south hillsolpe aspects, were recorded at a one hour time step, and weekly samples of the regolith moisture and bulk density were obtained. This allowed relating bulk density, as a degradation index, with the thermal and hydrological conditions. 

Complementary information was obtained from laboratory and field simulation experiences. In the laboratory, freeze-thawing and wetting-drying simulation experiences were carried out to evaluate the main weathering process. In the field, seasonal rainfall simulation experiments were performed to analyse the temporal changes in hydrological and erosive behaviour of the regolith. 



The results evidenced the main role of freezing-thawing processes in regolith weathering, as well as the control of weathering on erosive processes.

Further calculation of the potential energy produced by the main geomorphic agents (freezing, desiccation, cryosuction and rainfall) showed that the potential energy involved in freezing-thawing processes is about two orders of magnitude greater than rainfall kinetic one. More effective cryosuction processes were obtained on north aspects than on south ones, because the higher amount of water retained available and the colder thermal conditions. 

These results reflect the greatest weathering power at north face exposure, in agreement with the higher badland development on north aspects. This can be used to justify the selective occurrence of these badland areas, depending on aspect and motane processes, where freezing-thawing frequency and intensity control the badland development and dynamics.
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�Effects of variable freeze-thaw cycles and initial water content on aggregate stability and soil shear strength of a silty clay loam



Kvćrnř, S. H.1, Řygarden, L.1 and Břrresen, T.2



1Centre for Soil and Environmental Research, Frederik A. Dahls vei 20, N-1432 Ĺs, Norway

2 Department of  Soil and Water Sciences, Box 5028, N-1432 Ĺs, Norway



Winter conditions with seasonally frozen soils may have profound effects on soil structure and erodibility. Consequently, the winter period is of major importance for runoff, erosion and losses of nutrients and pesticides. Although snowmelt is one of the most important periods of runoff and erosion in Norway, little work has been done to quantify effects of winter conditions on soil erodibility. The purpose of this study was to measure effects of variable soil water content and freeze-thaw cycles on aggregate stability and soil shear strength by a laboratory approach. The study is part of the project Seasonal Frozen Soils – temporal and spatial variability in hydrological and soil physical properties (Wintersoil), funded by the Norwegian Research Council.



Surface soil (upper 5 cm) was sampled in October 2000, in a field at the Rustad farm in the Skuterud catchment, Ĺs community, south-eastern Norway. The soil was a silty clay loam classified as Albic Stagnic Luvisol (World Reference Base)/Aeric Endoaqualf (Soil Taxonomy). Field moist soil was packed to a density of approximately 1.1 g cm-1 into PVC cylinders. The water content of the soil was adjusted in a sandbox. Three water contents corresponding to matric potentials of -0.75 kPa, -2 kPa and -10 kPa were selected to represent different autumn conditions: wet, moist and field capacity. The soil cores were isolated in expanded polyester, and covered with aluminium foil to prevent evaporation and freeze-drying during the freeze-thaw cycles. The number of freeze-thaw cycles selected were 0, 1, 3 and 6. Freezing was conducted at –20(C for 24 hours, and thawing at 9(C for 48 hours.



After the freeze-thaw treatment, shear strength was measured with a pocket vane shear tester. Shear strength seemed to decrease with increasing number of freeze-thaw cycles, and with increasing water content. 



After measuring shear strength, the soil was dried at 9(C for 16-40 hours (depending on initial water content). Then the soil was sieved by hand through a nest of sieves. Aggregate stability was measured on the fractions 1-2 mm and 2-4 mm in a rainfall simulator apparatus. The Aggregate stability was expressed as the fraction of material (dry weight) remaining on the sieve after the stability test. Aggregate stability was higher for aggregates of size 2-4 mm than 1-2 mm. Water content and number of freeze-thaw cycles seemed to have little influence on the stability. These results indicate that these factors may have little effect on the stability of this soil, possibly due to high clay content and strong intraaggregate bonding. Further investigations on silty and sandy soils with lower clay content are now planned to validate this theory.
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Monitoring of soil erosion in the Agricultural Environmental Monitoring Programme  (JOVĹ) in Norway



Řygarden, L., Eggestad, H.O, Vandsemb,S. M.



Centre for Soil and Environmental Research, Frederik A. Dahlsvei 20, 1432 Ĺs. Norway.



Monitoring of soil erosion has been a part of the Norwegian Soil Monitoring Programme since 1990. Runoff, losses of nutrients, pesticides and soil losses are monitored in 10 catchments 0.6 km2  to 87.1 km2  located all over Norway.  Water proportional samples are taken and the farmeres write a log of all their activities on the fields.



In the Mřrdre ( 6.8 km 2 ) and Skuterud ( 4.5 km 2 )  catchments situated in the south- eastern part of Norway  erosion pattern have been studied in every field in the catchments. Different methods have been used, like documentation and measurements on airphotos, ground photos and  detailed field measurements after major runoff events. A classification system is developed for monitoring erosion pattern at field scale. For larger rills and gullies, both depth and width of rills are being measured and their location in the field are marked on map or coordinates are found by use of GPS. Sedimentation areas within a field are measured and mapped. By visiting every field during the field survey it is possible to detect which fields that are most vulnerable for soil erosion and where special means should be put. Erosion pattern is also studied in relation to the farmers management practices like crop cover and tillage practices. 



Results from the detailed  field measurements of  erosion pattern is compared with the amount of suspended solids measured by the outlet of the monitoring stations each year. This comparison makes it possible to find out how much of the measured soil losses that can be explained by erosion in the measured rills and gullies and how much that is sheet erosion or comes from other sources like river banks etc.  

In years with snowmelt and rainfall occurring on partly thawed soil most visible erosion pattern are developed. Rainfall during autumn time have given less developed erosion pattern despite high runoff amounts. In these periods, sheet erosion has been the dominant erosion form. 



There were marked differences in erosion pattern in the Mřrdre and Skuterud catchments depending on the development of the crop cover the previous autumn. In the Mřrdre catchment situated more north, winter wheat is often sown later than in the Skuterud catchment and it may be cold earlier, therefore crop cover is often poorer developed and the fields more vulnerable to soil erosion. There were examples of rills which started  in sowing furrows and eroded down to 70 cm depth .   



It is expected that changing winter weather with several freezing/ thawing cycles combined with rainfall  will be more common following eventually climate changes. It is therefore important to have detailed data abouth the prosesses going on during the winter time. Data from these projects are therefore being used in the work with testing of  erosion models  and adaption to Nordic winter conditions.      
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Snow-related famines in medieval Kashmir 
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Geological evidence and mythological traditions suggest that the Valley of Kashmir was originally a lake hundreds of feet higher than the present  Valley bottom, completely encircled by snowy mountains.  The climatic changes brought down the mighty glaciers to Sindhu, Hidder and other valleys making Kashmir as the largest valley in the lap of the Himalayas with mountains ranging from 10000 to 18000 feet high.  From ancient times Kashmir was subjected to frequent famines generally caused by untimely snowfall separating its inhabitants from the rest of the country by high and difficult mountains and sometimes making the arrival of timely help from outside impossible.  Although the accounts of various travellers are full of description of the hills, lakes, snows and shades of Kashmir but hardly has anyone analysed the causes and impact of such famines.  Their main attention was directed to explore the routes and trading potential, especially of saffron, dushala (shawls) and carpets.  In the indigenous literature of Kalhana’s Rajtaringini in Sanskrit and later in Persian sources we find some information on melting of snow and snow-related famines as also steps taken by the state to ameliorate the sufferings of the people.  Between 14th and 18th centuries Kashmir twelve great famines have been identified out of which at least 4 related to untimely snowfall in the Valley.  A great famine occurred in 1576 due to early fall of heavy snow which continued in all its horror and distinction for three years. Although there were canals excavated from Jhelum and aqueducts built yet scanty water supply completely destroyed the rice crop.  It is reported that the famine was so severe that it wiped off more than half of the population of the valley by death or emigration.  Many cases of cannibalism are also recorded during this period of distress.  The remedial measures included relief to cultivators, distribution of alms and prayers in the shrines.  After the Mughals takeover of Kashmir Akbar is reported to have built a 28 feet outer wall on Hari Parhat hill to provide work for famine-sticken people of the locality and prevent them from fleeing the Valley.  Our sources inform us that the Mughals were interested more in the beauty of Kashmir as Jahangir and his successors had Chinar trees planted and pleasure gardens built including Shalimar, Nishat and Chashma Shahi apart from frequent visits to the mountaineous region for health but no constructive measures were taken to prevent recurrence of famines.   Similarly, in the great famine of 1641 relief came in the form of free kitchens and reduction and later waiving of the land revenue from the cultivators.  No new canals were excavated nor any climatic study undertaken to offset the impact of these famines primarily due to medieval technological gap and not too progressive outlook.
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�SEASONAL FROZEN SOILS – temporal and spatial variability in hydrological and soil physical properties



Subproject 1: Hydrological processes in small catchments during snowmelt and freeze / thaw periods.

Johannes Deelstra, Sigrun H. Kvćrnř, Lillian Řygarden, Per Ivar Vĺje



Centre for Soil and Environmental Research, Frederik A. Dahlsvei 20, N-1432 Ĺs, Norway.



In one of the catchments of the JOVĹ-program (Mřrdre at Romerike), more detailed studies of a sub-catchment (Vandsemb) are carried out. The project will utilise the already existing instrumentation and equipment installed in the field. The objectives of the subproject are



Quantify spatial and temporal variation of snow-cover and frost in a small catchment as induced by climate, topography and soil. 

Identify and quantify variations in runoff, leaching and erosion from a small catchment as induced by spatial and temporal variation of snow-cover and frost.

Verify and possibly improve winter-routines in the SOIL, EUROSEM or WEPP models for determining runoff and erosion from a small catchment during snowmelt and freeze / thaw periods.



Meteorological data that will be recorded are precipitation, air temperature and humidity, wind speed and direction, and net radiation. At the same location, groundwater levels and soil temperatures in addition to soil moisture content at 1,10,20,40, 80 and 120 cm depth are recorded. 

Continuous measurements of surface and subsurface drainage in addition to groundwater levels at the outlet of the catchment are recorded. From two plots with an area of 5x20 m runoff is recorded while soil temperature is measured at two depths. 

Additionally, manual recordings on a weekly basis are carried out. These include recordings of spatial variation of snow depth following trajects across the main water-way. Spatial variation of depth and thickness of frost-layer is also determined along the trajects. Groundwater level isw monitored  in the same trajects and from two depths within the  runoff-plot. Composite proportional water samples from surface and subsurface water as well as from runoff plots is collected. 

The dynamic response of snowmelt, thawing and rainfall on surface runoff vs. drainage will give indications of the dynamics of infiltration and hydraulic conductivity in subproject 2. Episode studies on a bi-hourly basis with the analysis of suspended solids in water samples during episodes of heavy runoff will further add information on the dynamics of soil erodibility under subproject 3. 

The collected data will be used as inputs in the winter routine of different models like SOIL, WEPP and EUROSEM. Using different models will assist in finding the best simulation of winter hydrology under Norwegian conditions. 
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�SEASONAL FROZEN SOILS – temporal and spatial variability in hydrological and soil physical properties



Subproject 2: Infiltration processes at catchment scale during winter periods
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During winter periods the infiltration is influenced by temperature, and freezing of the soil can sometimes stop the infiltration process completely.  However, in many cases it also has been reported that infiltration can occur under frozen conditions. Whether or not infiltration during winter periods occurs is to a large degree determined by two conditions, i.e. 1) weather conditions during the preceding summer/autumn period and 2) the sequence of freeze/thaw periods. Excess precipitation during summer and autumn can hamper the infiltration during winter periods. Also on a soil with an initial high infiltration rate, a series of freeze/thaw periods can influence the infiltration through the refreezing of infiltrating water into the soil. View efforts have been undertaken to quantify the effect of macroporosity on moisture transport in seasonally frozen soils. This is particularly true on a catchment scale where a high variability in soil conditions, etc. greatly complicates the water flow processes. This lack of knowledge seriously hampers the successfull integration of deterministic models in simulating erosion, nutrient runoff and pesticide leaching from agricultrural catchments. 



The project carries out its research in two small agricultural catchments. The main objective is to describe the effect of winter conditions on the infiltration capacity/hydraulic conductivity of the soil and to incorporate this in a deterministic model for water and heat transport. 



The tension infiltrometer will be used to determine the near-hydraulic conductivity of the soil. In addition, soil samples will be taken for the determination of both the saturated hydraulic conductivity and the soil moisture retention curve(SMRC). During winter season, additional ring-infiltrometer tests will be carried out for the measurement of the infiltration during winter periods. 



During winter time, infiltration and water movement in the soil will be monitored at pre-selected sites in the two catchments. Measurement will be carried out using the TDR (liquid phase) and neutron method(liquid + ice). On the basis of the obtained parameters for hydraulic conductivity and SMRC, a validation of the infiltration and water movement at point scale shall be carried out. 

Validation of a one dimensional model for water and heat will be carried out against the measured runoff at Vandsemb and Skuterud catchment, incorporating the variability of the obtained results for hydraulic conductivity. 
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�Effects of surface grading and open ditches on grassland management and winter survival



Aahndal, T.J., Hauge,A



Centre of Soil and Environmental Research, Northern Norway Division, Vĺgřnes, 8010 Bodř, Norway



Drainage of fens has been an important source of agricultural land in Northern Norway. Traditionally peat soils have been subsurface drained using plastic pipes with 5-15 m drain spacing. Despite this drainage, many peat soil fields have had severe problems with pounding of water at surface, poor bearing capacity for agricultural machinery and decreasing yield by time. This has been related to low hydraulic conductivity in highly humified layers down in the soil profile, and because frost in the ground do not disappear before growing season.



In 1988 a program for reclamation of waterlogged peat soil fields by use of open ditches and surface grading started in the region Vesterĺlen in northern Norway. In the area, the annual precipitation normally exceeds 1000 mm of which about 300-500 mm falls during the growth season (May - September). Middle temperature for June, July and August is about 13(C. The peat in this region is usually moderately to strongly humified. Most of the fields were previously drained with plastic pipes and open field ditches were rare.



A survey was carried out at 28 farms in 1998 in order to investigate the long-term effects of surface grading on grassland management and yields. In this survey we looked at farmers experience with the technique, how they run their fields, transport damage, yields, problems with frost and winter damage. We also looked at main drainage from the fields, field ditches and shape and slope of surface.



Preliminary results have suggested that open ditches, 1-1,5 m deep, at 35-45 m spacing, combined with grading of the peat surface with a 3-6 % inclination give the best results (Lindberg et al. 1994). Swards get older and the fields give higher yields. Farmers do not have to plough, harrow and sow because of winter damage to the grass. The positive effects of open ditches and surface grading were due to more rapid drainage of rainwater and melting water from the soil surface and topsoil. Harvesting must be done with great care to keep the sward as long as possible. Double wheels and light machinery should be used. This method is now recommended as drainage practice for peat soils in Northern Norway and government subsidise is given for ditching of former subsurface drained peatlands. 



Effects on snowmelt erosion

Graded fields 35-45 m wide will give a short distance to the open ditch for surface runoff, and erosion will be minimal. Also the stable old sward with grass reduces erosion to a minimum.



Severe erosion can occur during construction of the graded fields under difficult weather situation. The work is often done in wintertime, and the profile and the open ditches are unstable under and shortly after construction. Heavy rainfall or snowmelting situation can give severe eriosion. The open ditches are unstable the first period after construction, and the channel sides can break due to erosion. When the ditches get permanent vegetation, this problem subsides.



The open ditches should be so deep that they get under the peat layer. If the underground is erodable sediments, it is important to take that into consideration, and plan a fall that reduce the speed of water in the ditch to prevent erosion in bottom and sides of the ditch.
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