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�Gully erosion under Global Change







Background



Taking steps to preserve the quality and quantity of global soil resources should require no justification. Our future ability to feed ourselves and to live in an unpolluted environment depends on our ability to understand and to reduce the rates at which our soils are currently eroding. Over the last decades, most research on soil erosion by water has concentrated on sheet (interrill) and rill erosion processes operating at the runoff plot scale. Relatively few studies have been conducted on gully erosion operating at larger spatial scales. Recent studies indicate that soil losses by gully erosion are far from negligible in a range of environments and that gullies are important and effective links for transferring water and sediment from uplands to valley bottoms and permanent channels. Consequently, there is a particular need for monitoring, experimental and modeling studies of gully erosion, as a basis for predicting the effects of global changes (landuse and climate changes) on gully erosion rates as well as on the contribution of this soil degradation process to overall land degradation.





Symposium Objectives and Scope



This symposium is designed to 1) review current understanding of, 2) report progress in, and 3) identify priorities for future research in the various research areas of global change impacts on gully erosion: i.e. 

monitoring techniques and experimental investigations of various gully types (ephemeral gullies, bank gullies), 

subprocesses of gully erosion, 

critical thresholds (i.e. climatic, topographic, pedologic, landuse, …) for the initiation, develop-ment and infilling of gullies, 

factors controlling gully erosion rates

contribution of gully erosion to soil degradation and sediment production at various temporal and spatial scales and under different environmental conditions, 

historical studies of gully erosion, 

interaction between gully erosion and other land degradation processes, 

modelling rates of gully erosion at various temporal and spatial scales and their impacts on hydrology and landscape evolution, 

on site and off site impacts of gully erosion, 

gully prevention and gully control measures and their efficiency.





�Detailed Programme







Saturday April 15, 2000





Registration



Time: 16.00 - 19.00

Room: Institute for Earth Sciences, room 00.043







Sunday April 16, 2000





Registration



Time: 08.00 - 10.00

Room: Entrance hall Erasmushuis 





Setting Up of Posters (Poster Session 1)



Time: 08.00 - 10.00

Room: LETT 00.46 + Entrance hall (ground floor, Erasmushuis)





Introductory Session



Time: 10.00 - 10.30

Room: LETT 08.16

Chair: Ian Prosser

Co-Chair: Janet Hooke



10.00 - 10.10	John Boardman, Introduction to COST 623

10.10 - 10.20	Laszlo Szendrodi, Information on COST 623

10.20 - 10.50	Jean Poesen, Introduction to the International Symposium on Gully Erosion under Global Change





�

Oral Session 1: Factors Controlling Gully Erosion



Time: 10.50 - 12.30

Room: LETT 08.16

Chair: Ian Prosser

Co-Chair: Janet Hooke



10.50 - 11.10	Recurrent gullying and valley development in SE-Brazil.

	Coelho-Netto, A.L.

11.10 - 11.30	Development of badlands and gullies in the Sneeuberg, Great Karoo, South Africa.

	Boardman, J., Holmes, P., Holland, R., Parsons, A.J.

11.30 - 11.50	Estimation of ephemeral gully erosion using topographic indices.

	Santisteban, L.M., Casalí, J., López, J.J.

11.50 - 12.10	Ephemeral gully erosion – concepts and consequences.

	Baade, J.

12.10 - 12.30	The causes of gully erosion on mountain pastures.

	Strunk, H.





Oral Session 1 (continuation): Factors Controlling Gully Erosion



Time: 14.00 - 15.00

Room: LETT 08.16

Chair: John Boardman

Co-Chair: Hans-Rudolf Bork



14.00 - 14.20	The origin of hillslope gully forms in Rwanda.

	Moeyersons, J.

14.20 - 14.40	Incidental gully erosion in Anambra state of Nigeria.

	Ezechi, J.

14.40 - 15.00	Controls on donga (gully) erosion and sedimentation in South African alluvial terraces and fan.

	Tooth, S., Hancox, P.J., McCarthy, S., Brandt, D.





Oral Session 2: Sub-processes of Gully Erosion



Time: 15.00 - 16.00

Room: LETT 08.16

Chair: John Boardman

Co-Chair: Hans-Rudolf Bork



15.00 - 15.20	Seepage and gully erosion: basic research and control practices.

	Huang, C., Earnhart, F., Norton, L.D.

15.20 - 15.40	Energy Formulations of Head Cut Dynamics.

	Prasad, S.N., Römkens, M.J.M.

15.40 - 16.00	Self-similarity and headcut dynamics: Basic hypotheses and analysis.

	Alonso, C.V., Bennett, S.J., Casalí, J., Römkens, M.J.M., and Prasad, S.N.

�

Coffee Break



Time: 16.00 - 16.30

Room: LETT 00.46





Oral Session 2 (continuation): Sub-processes of Gully Erosion



Time: 16.30 - 17.30

Room: LETT 08.16

Chair: Mike Kirkby

Co-Chair: Dino Torri



16.30 - 16.50	Further  exploration of a surface stabilisation model for gullies initiating in dispersive materials.

	Faulkner, H., 

16.50 - 17.10	Characteristics of actively eroding ephemeral gullies in an experimental channel.

	Bennet, S.J., Casalí, J., Robinson, K.M., Kadavy, K.C.

17.10 - 17.30	Gully influence on ecological status of the neighbouring lands.

	Lepeshev, A.A., Yatsukhno, V.M.





General Discussion Related to Oral Sessions 1 and 2



Time: 17.30 - 18.00

Room: LETT 08.16

Chair: Mike Kirkby

Co-Chair: Dino Torri





Management Committee Meeting (Cost 623)



Time: 19.30 – 21.00

Place: Institute for Earth Sciences, room 00.043





�

Monday April 17, 2000





Oral Session 3: Soil Degradation and Sediment Production by Gully Erosion



Time: 08.30 - 09.50

Room: LETT 08.16

Chair: Donald Woodward

Co-Chair: Donald Gabriëls



08.30 - 08.50	Gully erosion: an urgent problem needing consideration in China.

	Li, Y., Poesen, J., Zhang, J.

08.50 - 09.10	Erosion quantification and rainfall-runoff-erosion modelling in small marly mountainous catchments, experimental catchments of Draix (Alpes de Haute Provence, France).

	Mathys, N., Brochot S., Meunier M.

09.10 - 09.30	Relating sediment yield and climatic conditions in a Mediterranean mountain badland area (Vallcebre, eastern Pyrenees, Catalonia).

	Regüés, D., Gallart, F., Soler, M.

09.30 - 09.50	Natural gully incision as the main cause for ongoing aridization of the Negev Highlands, southern Israel.

	Avni, Y.





Introduction to the Excursion



Time: 09.50 - 10.00

Room: LETT 08.16





Synthetic Presentation of Posters: Session 1



Time: 10.00 - 10.45

Room: LETT 08.16

Chair: Gerard Govers

Co-Chair: Chi-hua Huang



1) Identification of desertification processes in an agro-ecosystem in the northern Negev Desert.

	Akuja, T., Avni, Y., Zaady, E.

2) Rural settlements - techniques for gully erosion control in Ghana.

	Antwi, B.O., Acheampong, E., Andoh, M.B.

3) Specific features of gully formation under different natural conditions.

	Belyaev, V.R.

4) Micro-topographic effects on headcut development in upland concentrated flows.

	Bennet, S.J., Casalí, J.

5) Topographical factors of gullying.

	Bondarev, V.P.

6) Field experiments for gully initiation.

	Borselli L., Pellegrini, S., Bazzoffi, P., Castillo, V., Nachtergaele, J., Poesen, J., Sardo, V., Torri, D.

7) Soil moisture dynamics under simulated rain in cultivated loess soil susceptible to rill and gully erosion.

	Bouma, N.

8) Impact of agricultural practices on erosion: a case study in Vietnam.

	Bricquet, J.P., Phien, T., Tran Duc, T.

9) Soil Erosion Model in a Small Basin in the Hilly Loess Region of Loess Plateau, China.

	Cai, Q.

10) Geological and topographic indicators of the gully erosion at the upper Araguaia river basin, Brazil.

	Campos, A.B., Castro, S.S., Casseti, V., Santos, R.R., Martins, M.S., Silva, A.A.

11) Geomorphological response of a badland landscape on gypsiferous mudstones to a Mediterranean semi-arid climate.

	Cantón, Y., Solé-Benet, A., Domingo, F., Puigdefábregas, J.

12) A photogrammetric method for measuring gully topographic features.

	Carvajal Ramírez, F., Cardenal, F.J., Giraldez, J.V.

13) Influence of extreme rainfall events (El Niño) on a gully system typical of the basaltic plateau of Southern Brazil.

	Castro, N.M. dos Reis, Auzet, A.V., Chevalier, P., Leprun, J.-C.

14) Assessment of gully erosion using photogrammetric techniques in eastern Ethiopia.

	Daba, S.F., Rieger, W., Strauss, P.

15) Soil erosion on agricultural lands during extreme rainfall events in a semi-arid area (Central Spain).

	de Alba, S., Benito, G.,Pérez González, A.

16) Contribution of ephemeral gullies to erosion on cultivated areas: field measurements in four small catchments in NE Portugal.

	de Figueiredo, T., Poesen, J., Vandekerckhove, L., Oostwoud Wijdenes, D., Araújo, J.

17) Monitoring of long-term gully head advance in Southeast Spain using GIS.

	de Luna Armenteros, E., Vanderlinden, K., de Haro, J.M., Laguna, A., Poesen, J., Giráldez, J.V.

18) Estimate of volume of soil lost in a gully of an olive-grove in Spain using a total station.

	de Luna Armenteros, E., Laguna, A., de Haro, J.M., Aguilar, M.A., Giráldez, J.V.

19) Gully head erosion rates on field experiments during E.N.S.O. periods: study case examples from Southern Brazil

	de Oliveira M.A.T., Paisani, J.C., Camargo, G.

20) Local factors controlling gully or areal erosion in the Western Sierra Madre (Northern Mexico).

	Descroix, L., Digonnet, S., González Barros, J.L., Viramontes, D., Bollery, A.

21) Studies of historical gully erosion and their influence on land use processes in Bavaria, Germany.

	Dotterweich, M., Schmitt, A., Schmidtchen, G., Bork, H.-R.

22) Gully erosion: activated paleo geologic structures by neotectonic/anthropogenic events.

	Egboka, B.

23) A multi-scale approach of runoff generation processes in a gully catchment in Sahel: a case study in Niger.

	Esteves, M., Lapetite, J.M.

24) The influence of runoff, lithology and water table on the dimensions and rates of gullying processes in Eastern Nigeria.

	Ezechi, J.

25) A photogrammetric approach to the monitoring and modelling of footpath gully erosion.

	Farres, P.

26) Experiences with a step by step indication of soil erosion risk and erosion paths in the Peene river catchment (Germany) Part A (Poster 1): The method and the results.

	Frielinghaus, M.

27) Experiences with a step by step indication of soil erosion risk and erosion paths in the Peene river catchment (Germany). Part B (Poster 2): The project Peene River Catchment.

	Winnige, B.

28) A Combined - Researcher-Farmer Solution to Soil Erosion.

	Gibbs, L.

29) Gully erosion assessment at the Udi - Nsukka cuesta (south-eastern Nigeria).

	Gobin, A., Campling, P., Poesen, J., Deckers, J., Feyen, J.

30) Gully and other erosion processes contributing to Lesotho’s rapidly degrading alpine wetland ecosystems.

	Grab, S.

31) The monitoring of rill erosion on disturbed tundra soils of the Jamal Peninsula.

	Grigoryev, V.

32) The development of a one-day gully at St-Lievens-Houtem in the loess area of Belgium

	Gullentops, F.

33) Effects of crop root characteristics on resistance of topsoils to rill and ephemeral gully erosion.

	Gyssels, G., Poesen, J., Govers,G.

34) The role of mass-movements in development of gullies in loess areas of the Lublin upland (SE-Poland).

	Harasimiuk, M., Rodzik, J., Zglobicki, W.

35) Modelling gully erosion for a small catchment on the Chinese Loess Plateau.

	Hessel, R.

36) An overview of gully erosion in the upper Klein Seekoei River catchment, Sneeuberg, Great Karoo, South Africa.

	Holmes, P.J., Boardman, J., Parsons, A.J., Holland, R.

37) Development and sediment contribution of channel bank gullies in ephemeral channels, SE Spain.

	Hooke, J.

38) Faulting and soil property controls on gullying in the Main Ethiopian rift.

	Iasio, C.,Carnicelli, S., Benvenuti, M., Rembold, F., Bartolini, D., Bonaiuti F., Ferrari, G.A., Sagri, M.

39) Erosion rates of continuous gullies in Eastern Romania.

	Ionita, I.





Coffee Break



Time: 10.45 - 11.15

Room: LETT 00.46







Poster: Session 1



Time: 11.15 - 12.30

Room: LETT 00.46 + Entrance hall (ground floor, Erasmushuis)





Removal of Posters (Poster Session 1)



Time: 12.30

Room: LETT 00.46 + Entrance hall (ground floor, Erasmushuis)





Excursion



Time: 13.30 - 18.30

Departure: Institute for Earth Sciences, Redingenstraat 16, Leuven

Chairs: Matt Römkens (bus 1), John Boardman (bus 2), Véronique Auzet (bus 3).

Co-Chairs: Ana Luiza Coelho-Netto (bus 1), Young Li (bus 2), Ian Prosser (bus 3).





Symposium Dinner



Time: 20.00

Place: Salons Georges, Hogeschoolplein 15, Leuven







Tuesday April 18, 2000





Setting Up of Posters (Poster Session 2)



Time: 08.00 - 08.30

Room: LETT 00.46 + Entrance hall (ground floor, Erasmushuis)





Oral Session 4: Historical Gully Erosion



Time: 08.30 - 09.50

Room: LETT 08.16

Chair: Ana Luiza Coelho-Netto

Co-Chair: Aleksey Sidorchuk



08.30 - 08.50	Past, Present and Future Gully Erosion in Australia.

	Prosser, I.P.

08.50 - 09.10	The causes of gullying during Medieval and Modern Times in Germany.

	Bork, H.-R.



09.10 - 09.30	Gully evolution in the Myjava Hill Land (Slovakia) within the last eight centuries.

	Stankovianski, M.

09.30 - 09.50	Gully formation under Flanders' forests revisited.

	Deckers, J., Poesen, J., Vermout, E., Umans, L.





Synthetic Presentation of Posters: Session 2



Time: 09.50 - 10.45

Room: LETT 08.16

Chair: Gerard Govers

Co-Chair: David Favis-Mortlock



1) Land use and pedologic thresholds in gully development.

	Kakembo, V.

2) Land use and gullies in the loess area of Lower Austria.

	Klaghofer, E.

3) Gully erosion and debris flow caused by extremely heavy rainfall -----A Case Study of Typhoon Herb, central Taiwan 1996.

	Lin, J.-C.

4) Gully erosion monitoring in Yuanmou dry-hot valley, South-western China.

	Liu, S., Zhang, J., Poesen, J., Fan, J., Li, Y.

5) Improving catchment scale runoff modelling by including agricultural linear features in the LISEM soil erosion model.

	Ludwig, B., Jetten, V.

6) Gully erosion modelling in semi-arid catchments of Southern Africa.

	Märker, M., Moretti, S., Rodolfi, G.

7) Spatial information technologies for the analysis of gully erosion processes.

	Martínez-Casasnovas, J.A.

8) The role of deforestation and gully development in desertification in sub-Saharan tropical and subtropical Africa.

	Moeyersons, J.

9) A Method for Mapping and Estimating Rill and Gully Erosion.

	Mollenhauer, K.

10) Gullies in the Northern Ethiopian Highlands: new insights on causes and control measures.

	Nyssen, J., Poesen, J., Moeyersons, J., Mitiku, H., Deckers, J., Luyten, E.

11) Gully-head activity and sediment contribution to a Mediterranean channel.

	Oostwoud Wijdenes, D.J., Poesen, J., Vandekerckhove, L., Ghesquiere, M.

12) The situation of gully erosion.

	Panhwar, F.

13) Historical assessment of ephemeral gully erosional system: a case study in Mocca (Sâo Paulo, Brazil).

	Paz, A., Dafonte Dafonte, J., Vieira, S.R.

14) Impact of agricultural practices through run-off and erosion processes on water quality - An example of a multidisciplinary study on a watershed from Parisian basin.

	Quilbé, R., Wicherek, S., Tellier, F., Thomas, Y., Oudinet, J.P.

15) Influence of the forest vegetation on marly gully erosion: highlighting of the sediments trapping by the vegetation.

	Rey, F.

16) Monitoring of Gully Erosion in the Central Ebro Basin by Large Scale Aerial Photography Taken from a Remotely Controlled Blimp.

	Ries, J.B., Marzolff, I.

17) Influence of ploughing direction on the development of road incision (on the example of loess areas of the Lublin Upland, Poland).

	Rodzik, J.

18) Influence of field arrangement on contemporary development of loess gully (a case study: Karmanowice, Lublin Upland, SE Poland).

	Rodzik, J., Zglobicki, W.

19) Buried soils of Sekukuneland, South Africa.

	Rozanov, A.B.

20) Concentrated flow erosion in cultivated areas of Southern Navarra (Spain).

	Santisteban, L.M., Casalí, J., López, J.J.

21) Historical studies of gully erosion in Northeast-Germany.

	Schmidtchen, G.

22) Geomorphological processes and landforms: a study on Garhbeta badlands; West Bengal (India).

	Sen, J., Sen, S., Bandyopadhyay, S.

23) Role of firm products of erosion in formation of properties aggradation soils of erosive landscapes.

	Silinevich, N.

24) Assessment methods of water erosion in a badland area in SE Spain. From laser micro-profiles to classical techniques.

	Solé-Benet, A., Pini, R., Cantón, Y., Downward, K.

25) The Development and Location Regularities of Gullies in Southeast Latvia.

	Soms, J.

26) Development of a process-based ephemeral gully erosion model.

	Street, L., Quinton, J.N.

27) Application of the MEDRUSH model for a hilly catchment in Hungary.

	Szalai, Z., Huszár, T., Kertész, Á.

28) The effect of tillage-induced roughness on runoff and erosion patterns.

	Takken, I., Jetten, V., Govers, G., Nachtergaele, J., Steegen, A.

29) Soil erosion data under Mediterranean conditions using rainfall simulator, field erosion plots and cs-137 technique.

	Theocharopoulos, S.P., Florou, H., Aggelides, S., Karagianni-Christou, M., Baboulidou, L., Kouloubis, P., Demerkou, A., Caramados, V., Parousis, E., Tountas, P., Adam, L.

30) Ephemeral gully erosion in agricultural land in north west of Spain.

	Valcárcel, M., Taboada Castro, M.T, Paz González, A., Dafonte Dafonte, J.

31) Influence of land use changes on the intensification of gully erosion in a semi-arid mountainous environment.

	Vanacker, V., Govers, G., Louiza, G., Dercon, G., Deckers, J., Poesen, J.

32) Development of a methodological framework for dendrochronological determination of gully erosion rates.

	Vandekerckhove, L., Muys, B., Poesen, J., De Weerdt, B., Coppé, N.

33) Gully initiation in a tropical rangeland area.

	van Loon, E., Sterk, G.

34) Contemporary extent and predicted future potential of gully erosion on agricultural land in Russia.

	Veretennikova, M.V., Zorina, E.F., Kovalev, S.N., Lubimov, B.P., Nikolskaia, I.I., Prokhorova, S.D.

35) Results of the gully erosion monitoring (central part of the Russian plain).

	Veretennikova, M.V., Zorina, E.F., Kovalev, S.N., Lubimov, B.P.

36) EGEM, the next step.

	Woodward, D.

37) Approach to evaluation of spatial regularities of gully erosion in Middle Volga Region (Russia).

	Yermolaev, O.P.

38) Gully erosion monitoring with remote sensing data in Tambov plain region.

	Zborichtchouk, I.N.

39) Gully erosion in the Russian Plain and effective method of fixation of gullies.

	Zykov, I.G., Zykov, Y.





Coffee Break



Time: 10.45 - 11.15

Room: LETT 00.46





Poster: Session 2



Time: 11.15 - 12.30

Room: LETT 00.46 + Entrance hall (ground floor, Erasmushuis)





Oral Session 5: Modelling Gully Erosion



Time: 14.00 - 16.00

Room: LETT 08.16

Chair: Christian Valentin

Co-Chair: Jussi Baade



14.00 - 14.20	Observed and modelled distributions of stream and gully heads - with examples from S.E. Spain and Belgium.

	Kirkby, M., Bull, L.J., Poesen, J., Nachtergaele, J., Vandekerckhove, L.

14.20 – 14.40	Event based modelling of gully incision and development in the Belgian loess belt.

	van de Vlag, D., Jetten V., Nachtergaele J., Poesen J.

14.40 – 15.00	Gully erosion investigation and predicting: experience from Russia.

	Sidorchuk, A.

15.00 – 15.20	Some Further Equation for High-Rate Gully Erosion.

	Torri, D., Borselli, L.

15.20 – 15.40	The right answer for the wrong reason? Validating the WEPP watershed model on two contrasting catchments: Sorriso, Mato Grosso, Brazil and Breaky Bottom, South Downs, UK.

	Favis-Mortlock, D., Guerra, A.J.T., Boardman, J., Almeida, F.G.

15.40 – 16.00	Analysing the effects of climate variability and change on erosion in the American Southwest using a newly developed ephemeral channel erosion model.

	Molnar, P., Ramirez, J. A.





Coffee Break



Time: 16.00 – 16.30

Room: LETT 00.46





Oral Session 5 (continuation): Modelling Gully Erosion



Time: 16.30 – 17.30

Room: LETT 08.16

Chair: David Favis-Mortlock

Co-Chair: Carlos Alonso



16.30 – 16.50	Technical Documentation of EGEM (Ephemeral Gully Erosion Model).

	Merkel, W.

16.50 – 17.10	A process-based model for channel degradation: Application to ephemeral gully erosion.

	Casalí, J., López, J.J., Giráldez, J. V.

17.10 – 17.30	Assessment of the potential of ephemeral gully erosion in small agricultural catchments using a GIS-based model.

	Souchère, V., Ludwig, B., Le Bissonnais, Y., Couturier, A., Papy, F.





General Discussion Related to Oral Sessions 3, 4 and 5.



Time: 17.30 - 18.00

Room: LETT 08.16

Chair: David Favis-Mortlock

Co-Chair: Carlos Alonso





Management Committee Meeting



Time: 19.30 – 21.00

Place: Institute for Earth Sciences, room 00.043





Visit to the Laboratory for Experimental Geomorphology



Time: 19.30 – 21.00

Place: Institute for Earth Sciences, Redingenstraat 16, Leuven





�

Wednesday April 19, 2000





Oral Session 6: Monitoring Gully Erosion Processes



Time: 08.30 - 10.30

Room: LETT 08.16

Chair: Aleksey Sidorchuk

Co-Chair: Milos Stankoviansky



08.30 - 08.50	Gully erosion. Typology, development factors and rehabilitation in Africa.

	Roose, E.

08.50 – 09.10	Gully erosion in Brazil - a historical overview.

	Guerra, A.T.J.

09.10 – 09.30	Land use change and gully formation over the last 200 years in a hilly catchment.

	Gábris, Gy., Kertész, Á., Zámbó, L.

09.30 – 09.50	Rill and gully development during an extreme winter runoff event in Norway.

	Øygarden, L.

09.50 – 10.10	Long-term evolution of discontinuous gullies in the Moldavian Plateau.

	Ionita, I.

10.10 – 10.30	Piping and Gulling Dynamics on Agricultural Terraces. Evolution After Land Abandonment.

	Boix-Fayos, C., Calvo-Cases, A., Soriano-Soto, M.D.





Coffee Break



Time: 16.00 – 16.30

Room: LETT 00.46





Oral Session 6 (continuation): Monitoring Gully Erosion Processes



Time: 11.00 - 11.40

Room: LETT 08.16

Chair: Hazel Faulkner

Co-Chair: Ádam Kertész



11.00 - 11.20	A spatial information technology approach for the mapping and quantification of gully erosion.

	Martínez-Casasnovas, J.A.

11.20 - 11.40	Causes and magnitude of ephemeral gully erosion in Northwest Poland.

	Stach, A., Kostrzewski, A., Szpikowski, J., Zwolinski, Z.





Final Discussion



Time: 11.40 - 12.10

Room: LETT 08.16

Chair: Hazel Faulkner

Co-Chair: Ádam Kertész





Closing Session



Time: 12.10 - 12.30

Room: LETT 08.16



12.10 - 12.30	Jean Poesen (concluding remarks, best poster award, future meetings and submission of papers)





Removal of Posters (Poster Session 2)



Time: 12.30

Room: LETT 00.46 + Entrance hall (ground floor, Erasmushuis)
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� TOC \o "1-2" �Identification of desertification processes in an agro-ecosystem in the northern Negev Desert.
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Self-similarity and headcut dynamics: Basic hypotheses and analysis
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Natural gully incision as the main cause for ongoing aridization of the Negev Highlands, southern Israel
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Ephemeral gully erosion – concepts and consequences
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Specific features of gully formation under different natural conditions.
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Characteristics of actively eroding ephemeral gullies in an experimental channel

	Bennett, S.J. 1, Casalí, J. 2, Robinson, K.M. 3, Kadavy, K.C. 3	� PAGEREF _Toc475766548 \h ��30�

Development of badlands and gullies in the Sneeuberg, Great Karoo, South Africa

	Boardman, J. 1, Holmes, P. J. 2, Holland, R. 2, Parsons, A.J. 3	� PAGEREF _Toc475766550 \h ��31�

Hydrological, meteorological and morphological aspects of studying gully erosion in period of global change
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�Identification of desertification processes in an agro-ecosystem in the northern Negev Desert.
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Soil erosion describes a collection of processes that cause deflation of the landscape by wind and water. Flash floods during winter cause erosive activities in the basins and adjacent agricultural areas in the semi-arid parts of the Negev Desert of Israel. This has led to the formation of waterfalls (gullies) that erode streams. Consequently, this has led to the loss of soil nutrients over time. Soil erosion in conjunction with human activities has greatly contributed to desertification in this part of the Negev. We set out to examine the effects of soil erosion and agricultural practices in twelve eroded sites in northern Negev Desert. 

Our contention was that soil erosion and agricultural activities would reduce soil quality. In all the parameters investigated there were significant differences between sites. Areas above (uneroded) and below (eroded) gullies and distances (5, 10 and 20m) from waterfalls showed significant differences at all sites.

Soil pH indicated that soils are calcareous. This shows there is nutrient deficiency, slow rate of weathering and soil development that are all causes of land degradation in semi-arid areas. Salinity was highest in the nature reserve sites and irrigated areas because of accumulation of bases resulting from reduced leaching and continuous supplies of heavy metals from brackish water used in the irrigation system, respectively. Organic carbon increased along a moisture gradient, being lowest in areas receiving 200 mm and highest where rainfall is over 300 mm per year. Nature reserves had higher organic carbon than cultivated areas, meaning that land degradation is taking place in the adjacent farmlands.

Biomass of plants in a bioassay showed a positive correlation with amount of organic carbon, an indicator of reduction of soil quality. Plants partitioned more of their metabolites in the shoot than in the root, a sign that there was a deficiency of nutrients and hence a need to rapidly develop a large photosynthetic area. Water holding capacity was higher in nature reserves than agricultural areas. This was the trend in uneroded versus eroded areas. 

There is a need to further characterise the soil and increase the number of eroded sites in diverse agro-ecosystems within the study area in order to conclusively determine soil quality and recommend remedial measures with a view to combating imminent desertification.
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�Self-similarity and headcut dynamics: Basic hypotheses and analysis 
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The formation and upstream migration of headcuts in rills, row-crop furrows, and ephemeral gullies is an important factor in soil losses and sediment yield from agricultural lands.  Improvements in soil erosion predictions are predicated upon better characterisations of these processes.  Recent experimental research has added new insights on erosion due to migrating headcuts.

A companion presentation by Bennett et al. describes tests on steady-state soil erosion due to migrating headcuts.  These experiments were conducted in a laboratory flume under controlled conditions for a range of upstream bed slopes and flow discharges.  It was observed that once steady state is reached, headcut migration rate, scour-hole geometry, and sediment yield remain constant.  Downstream of the advancing headcut a sediment bed is build with its slope determined by the transport capacity of the flow.  An increase in upstream slope impacts the scour-hole geometry and shifts the plunging jet from non-aerated to aerated conditions.  Two categories of similarity in headcut morphology were observed. Within individual experiments, the morphology of the headcut did not vary significantly during its migration once steady-state conditions were achieved.  The headcut self-corrected variable boundary conditions to maintain a self-similar morphology dependent upon the characteristics of the plunging jet.  Morphologic similarity was also observed as flow discharge increased.  Because the wall jets extended over the entire scour hole region, the scour hole length scales were used to normalise all time averaged headcut profiles.  Near the brinkpoint, headcut shape was wholly dependent on the erosive recirculation within the scour hole and virtual collapse of all bed profiles was observed.

The present analysis takes advantage of the observed self-similarity properties to develop an integral solution to the sediment continuity equation for a migrating headcut.  This property is also used to formulate simple mathematical models of headcut migration rate and scour geometry.  Computed results yield acceptable comparisons with measured values.
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�Rural settlements - techniques for gully erosion control in Ghana
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Gully erosion continues to be a major problem in both old and new settlements in Ghana and other rural settlements in West Africa.  The objective of this study was to develop technologies that can arrest the rapid gully formation in rural and newly established settlements. 

Participatory rural appraisal methods were used to identify the major causes of gully formation.  The principles of erosion control were used to reduce raindrop impact from eaves, create infiltration routes, force runoff to deposit its load and let it trickle through permeable barriers. 

Education and community participation supported by appropriate technologies such as the use of sandbags, bamboo pegs, boulders and vegetative materials erected across gullies were used to protect buildings.  Water diversion from upper reaches of gullies was used to reduce the volume of runoff flow in the channels.  A permanent grass sward simulating a grass waterway was established after gullies had been filled to a reasonable depth.  The results showed that turbulent flows increased gully formation.  Besides, the variability of the soils along the channel influenced the depth and width of the gullies. The communities preferred technologies that could

serve as bridge for crossing the gullies.  The study also showed that modification of the old methods of gully erosion control could be used to protect rural settlements from destruction. The programme increased communal awareness in problem identification and seeking redress through local government structures. The materials used were mostly resources within the communities thus making the system cost-effective. The paper presents a number of simple technologies that can be adapted to solve gully erosion in rural communities.
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�Natural gully incision as the main cause for ongoing aridization of the Negev Highlands, southern Israel
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In the arid and semiarid regions of southern Israel, gully incision is a well-known phenomenon developed within loess soils and alluvial sediments of Late Pleistocene age. In the semiarid regions, gully incision creates badlands topography, which affects the margins of the agricultural fields. This phenomenon becomes critical in the arid region of the Negev Highlands where the potential agricultural fields are limited to narrow valleys. This area was cultivated during the Iron Age (3000 years BP) and the Roman-Byzantine Age (1500 BP) and was irrigated by natural runoff and by intensive runoff harvesting methods.

The mechanism and rate of gully development has been studied in several locations in the region for 15 years. It was found that during flood events, the runoff penetrates the alluvial cover of the valleys and generates vertical waterfalls. The height of the waterfall in most cases is equal to the thickness of the alluvial cover of the valley. During floods, the waterfall sites retreat up the valley. The development of a deep and narrow gully within the valleys concentrates the runoff into narrow channels, restricting the irrigation effect of the floods from the whole width of the valley. The change in the irrigation pattern is reflected in a sharp drop in the biomass. There is 80% less floral biomass, below the erosive sites than above them. This phenomenon continues downstream to the lower segments of the valleys, almost without recovery. Simultaneously, the agricultural potential is severely reduced as a result of the stripping of the valley floor, thereby preventing cultivation.

These parameters indicate ongoing aridization of the area that is proceeding at a rate equal to the rate of the backward retreat of the gullies heads. The rate can exceed several meters per year for each gully head. At one site, whose valley floor consists of sandy loess, a retreat of 100 m in a single event was recorded during the 1994- 1995 winter. 

Careful examination of the position of archaeological sites relative to the gullies indicates the following:

1. The incision of the gullies started long before the Iron Age (3000 years BP).

2. The ancient farmers built stone walls and dams in order to protect the fields from the damage caused by the gully incision.

It is concluded that the ongoing gully incision in the Negev Highlands is related to a natural dynamic change in the soil / rock ratio during the Holocene. This process was already active before the agricultural activities in the region, which start in this region at the Iron Age. As the process continues, the alluvial cover in the valleys is being stripped and removed, causing rapid ongoing aridization of the Negev Highlands.  
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�Ephemeral gully erosion – concepts and consequences
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The last decades have seen an increased awareness and understanding of soil erosion problems in central and western Europe. This can be attributed to a shift from plot to field scale and catchment scale studies with a broader, geoecological approach. These studies revealed that the concentration of runoff in topographically defined linear features, like valley bottoms, is an important process when considering off-site damages from soil erosion. Valley bottoms or thalwegs not only act as transfer paths for the material mobilized on the slopes. In addition, the concentration of runoff in these parts of the landscape, which eventually leads to the development of (ephemeral) gullies, increases the amount of material removed from the fields.

In the literature, several terms are used to name the process or forms described above. Among others, these include 'thalweg erosion', 'ephemeral gully erosion' and 'rills in valley bottoms'. Unfortunately, the terms applied are not synonymous, but reflect some important differences in the concepts involved. This paper provides a review of the different concepts and highlights the far reaching consequences for the quantification of soil erosion from concentrated runoff in topographically defined linear features. In order to enhance future comparability of published data and progress in modelling this rather important part of soil erosion, a process based concept of 'ephemeral gully erosion' is suggested.
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�Specific features of gully formation under different natural conditions.
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Recent development of new territories (especially those which have not previously been significantly disturbed by human activity) in the north and northeast of Russia has emphasised the necessity to study the problem of gully formation in different natural zones in more detail. In order to distinguish the specific zonal features of gully morphology and functioning, four key areas were investigated using large-scale topographic maps and results of direct field observations and measurements of gully characteristics that have been carried out by the Laboratory of Soil Erosion and Channel Processes (Moscow State University). Empirical models for slope runoff estimation, thermal erosion forecast and maximum possible length of a gully calculation were also employed. Key areas represented steppe zone, steppe-forest zone, mixed forest zone and tundra zone.

Various role of snow melt and rainfall runoff in gully formation and growth in different areas is probably the most obvious evidence of zonal variation in gully erosion processes. Both field observations and hydrological calculations using empirical models have shown that for steppe and forest-steppe zones summer storm runoff plays the major role in gullying whereas for forest zone the role of rainfall and snow melt is approximately equal. For tundra zone an importance of snow melt runoff for gullying is much greater than that of rainfall.

Average rates of gully growth also vary in different natural zones. Highest average rates of annual gully growth characterise the forest-steppe and tundra zones. In the first case it results from the most intensive summer rainstorms and, probably, high degree of human influence. In case of the tundra zone it is defined by a group of favourable conditions such as weak and slowly restorable vegetation and soil cover, very active slope processes influenced by presence of permafrost, other cryogenic processes (thermokarst, thermal erosion) and recent advance of the active land development.

Another important characteristic of the gully erosion process is the minimal area of a slope catchment in which a gully can be formed. It has been found that the smallest minimal gully catchment area occurs in forest-steppe zone. Steppe and forest zones are less favourable for gully erosion under natural conditions. In tundra zone the minimal slope catchment area for a bare land is bigger than that of the other zones under investigation. But, from the other side, gully formation here is possible even on fully naturally vegetated areas. Those facts probably reflect the protective role of permafrost on early stages of gully development and the weakness and patchy character of tundra vegetation cover. Therefore it seems that tundra zone has favourable natural conditions for gully erosion, and that territories are especially endangered when human activity (road construction, industrial development, etc.) results in creation of the artificial borders and zones of snow accumulation and runoff concentration.
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�Microtopographic effects on headcut development in upland concentrated flows
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The formation and upstream migration of headcuts in upland concentrated flows can significantly increase soil losses and sediment yields from agricultural landscapes.  Variations in surface roughness and topography, material characteristics, overland flow hydraulics, and subsurface flow effects may initiate the formation of a headcut during a given runoff event.  Herein we examine the effect of soil microtopography on the growth and development of headcuts typical of rills, crop furrows, and ephemeral gullies.  In a laboratory channel, packed sandy clay loam soil beds with pre-formed headcuts 5 to 50 mm high were subjected to simulated rain of about 21 mm/h for 4 h, followed by an overland flow of about 70 l/min.  The rainfall produced a well-developed surface seal that negated surface soil detachment.  During overland flow, soil erosion occurred exclusively at the headcut where a scour hole developed, enlarged, and migrated upstream.  A steady-state condition ensued: headcut migration rate, scour hole geometry, and sediment yield remained invariant with time.  Large initial headcuts can reach steady-state erosion conditions faster in time and shorter in distance as compared to small initial headcuts.  For a given bed slope and overland flow discharge, larger initial steps caused deeper headcuts to form, but their rates of migration and their scour lengths did not change significantly.  In addition, larger initial steps caused an increase in total sediment production and a steepening of the bed slope downstream of the migrating headcut.  These data currently are being used to assess models for headcut erosion and landscape evolution.
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The formation of ephemeral gullies can significantly increase soil losses from agricultural lands and severely impact farm productivity.  Yet current soil-loss assessment programs are unable to address these erosional channels.  Moreover, few data exist on the physical characteristics of actively eroding gullies.  To this end, pre-formed ephemeral gullies were constructed at field scale in a large experimental channel using the same cohesive soil but at two different moisture contents and bulk densities.  For the bed with relatively high soil moisture content and bulk density, clear-water flows caused low rates of erosion, detachment-limited flows prevailed, and bed degradation occurred uniformly along the flume.  For the bed with relatively low soil moisture content and bulk density, comparable clear-water flows caused high rates of erosion, both detachment-limited and transport-limited flows prevailed, and bed degradation was greatest in the upstream reaches.  In both experiments, erosion caused the gullies to incise, to significantly increase the gully bottom width, and to steepen the gully sidewalls.  These results compare favourably with field studies of ephemeral gullies, and the hydraulics and sediment transport processes observed are similar to those reported for actively eroding rills.
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�Development of badlands and gullies in the Sneeuberg, Great Karoo, South Africa
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The Sneeuberg uplands of the Great Karoo comprise a semi-arid area of extensive stock farming. The area has suffered land degradation in the form of rill and gully erosion resulting in the replacement of grassland by shrub vegetation. Species diversity has declined and ground cover been reduced leading to a positive feedback loop which exacerbates the degradation. Many footslopes developed in shales, clays and colluvium have extensive, incipient badland development with closely spaced gullying up to 1.5 m deep. In valley bottom and valley-side depression locations gullies up to 6 m deep have developed, usually cut to bedrock through valley fills of Holocene colluvium. Both footslope badlands and valley bottom gullies appear to be less than 100 years old and to be part of the same hydrological system with extensive areas of bare ground (badlands) feeding water to incising gullies. Experiments using simulated rainfall throw some light on the efficiency of the system. In the last fifty years farmers have attempted, with some success, to control eroding gullies by building siltation dams which quickly filled. It seems likely that the primary cause of vegetation degradation and subsequent badland/gully development was overgrazing by sheep, goats and cattle. The role of heavy rainfall events on degraded and undegraded vegetation is under investigation. From a catchment management perspective, an understanding of the mechanisms which control erosion in the Sneeuberg is important for two reasons. Firstly, there is the question of land degradation and reduced stock carrying capacity per se. Secondly,  there is the important issue of downstream siltation of some of South Africa's main storage dams within the Orange River drainage basin, of which this region forms part. 
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�Hydrological, meteorological and morphological aspects of studying gully erosion in period of global change
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Principles of gully evolution caused by natural factors (intensive high floods) and anthropogenic factors (forest cut, slopes ploughing) are discussed. The study areas are located in tundra (Yamal Peninsula) forest zone,  (Valday Hills), forest-steppe zone (Central Russian Upland) and steppe zone  (Altai Region).   The gully structure, location and morphology have been investigated by air photographs. Four stages of gully evolution have been proved by these air photographs: (1) the gully bottom is similar to the slope profile; (2) the gully head is subject to an intensive evolution, its slopes are steep, the bottom profile does not almost depend on the slope profile; (3) equilibrium is observed between scour and deposition; some plants appear on the gully slopes; (4) attenuation stage, when deep erosion is over and plants grow intensively over the slopes of the gully. Soil scour in the gully has been estimated by measuring sediment yields in temporary streams formed in the gullies. Besides, trends in sediment yield change have been estimated in the rivers flowing in the areas with intensive gully formation. To estimate possible changes in gully evolution due to climate change the assessment of changes in meteorological and hydrological factors have been used; these assessments have been obtained in the department of Climate Change (State Hydrological Institute). Scenarios have been considered for the cases of the global; warming by 1(C and 2(C. It has been discovered that in case of the 1(C global warming and higher precipitation and higher rate of the gully evolution is possible in the areas of the first and second evolution stages. Moreover, stream flow variation in small and mid-sized rivers do not usually go beyond the limits of natural variations. In case of the 2(C warming a more intensive gully evolution can happen in each physiographic zone, but this process would be most intensive in tundra and in permafrost region. Sediment yield there may attain  30-40 % of mean long-term value.
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Agricultural terraces built on sodium rich soils are frequent in semiarid areas of southeast Spain. In these conditions, and especially when those terraces follow the valley bottoms, collapses are controlled by piping processes during cultivation and after abandonment. Unless soil conservation measures are applied, these collapses become gullies and the controlling processes are then both gulling by surface runoff and piping.

This paper tries to establish the process sequence in the gullies network evolution in some examples located in a badland area of the Alicante province. Relationships between processes, soil properties and gullies are investigated in the context of the catchment dynamics and soil hydrology. Temporal evolution of  the gully network is characterised during the last 15 years, as well as the implication of piping-gullying on badland development.



Key words: piping, gullying, process sequence, Alicante (Spain)



Corresponding author:	Adolfo Calvo-Cases

			Departament de Geografie, Universitat de Valencia

			Aptat 22060

			46080 Valencia, Spain

			Tel: +34 963 864237		Fax: +34 963 3864249

			E-mail: Adolfo.Calvo@uv.es

�Topographic factors of gullying
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Gullying is a process that depends on many factors, mainly on anthropogenic ones. However, on territories with similar land-use type topographic factors of gullying are also very important. Central Russia is one of these areas. This region is being used from ancient times and is the place of active gullying. Many scientists have shown great influence of topographic factors of gullying at the qualitative level. Nevertheless deep quantitative assessments of this factor on this area is not so well developed. Without a simple and clear method this problem is not solvable.

A method to estimate influence of topographic factors of gullying was developed for Central Russia. Technique of analysis of topographic factors is based on Horton-analysis. Morphometric analysis of topographic map (1 : 25 000) and field observations was used for this purpose. Results show very good applicability of the method for the study region. Moreover, preliminary assessment shows that the method is rather useful for other areas.
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�The causes of gullying during Medieval and Modern Times in Germany
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Gullies with their catchments and fans, ancient documents and maps were analysed to recon�struct the quantity, the causes, and the effects of gully erosion in Medieval Times and Modern Times. Gullying rates varied extremely in time and space. Maximum gully growth was found on agriculturally used slopes for two periods: 

the first half of the 14th century and 

the 18th century. 

Catastrophic gullying occurred namely in the years 1313 through 1317, and in July 1342. Gullies with depths of more than 10 m and length over 1000 m cut into hilly landscapes. Woodland covers and preserves since then wide areas that were devastated during these rainstorms. 

Did climate change and thus a higher frequency of rainstorms enforce gullying? Or did im�provements in agricultural techniques, new crop sequences and varied landscape structures intensify the processes of gullying? 

The influences of land use changes and climate changes on the type and the intensity of gullying will be analysed in detail.
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Field evidences show that gully erosion is characterised by the presence of several thresholds (Poesen et al., 1998). Models that describe gully erosion (Sidorchuk, 1999; Kirkby and Bull, 2000; Woodward, 1999) require data relative to soil characteristics for estimating threshold values even along the soil profile. Textural characteristics of primary particles and of aggregates are needed for calculating mean travel distance (Kirkby and Bull, 2000) or sedimentation velocity (Sidorchuk, 1999). Initial gully width is also needed (Sidorchuk,1999) and is often estimated using a power relationship between discharge and gully width. Torri (this conference) proposes some theoretical relationships between gully width and soil characteristics.

The main issue is that the field observations, usually made once the gully has already been created, certainly after runoff has ended, reflect all the contributions due to secondary erosion once the gully has already been formed (after-peak runoff), when wall collapse and insufficient transport capacity already modifies the gully cross sections. Moreover the effect of initial soil state (moisture content, surface roughness, local compaction, etc.) is never studied properly because gully initiation is a rare event, making field observations usually unsuitable.

The above listed problems are even worse when the process of generating a new gully is afforded as it is the case for the MWISED project (Modelling Within-Storm Erosion Dynamics) that aims to add an ephemeral gully routine to a new version of EUROSEM (Morgan et al., 1998).

In order to answer some of the interrogatives listed above a particular type of field experiment has been devised for studying channel generation in seed-bed conditions.

A large water flow is discharged into a pool made non-erodible using a plastic sheet. The water overflowing the pool in a predefined section enters an artificial channel. This channel is made constructing two lateral crests with clods from outside the channel. The water is then compelled to flow in a predetermined direction. Downstream the channel several transects have already been prepared to allow measuring cross-section evolution during the experiments.

The parameters to be measured are soil surface profile before and after the experiments at each transect. Initial and final soil moisture profile, penetrometric resistance profile before and after the experiments, penetrometric resistance along the walls and on the bed after the experiment. Also discharge, flow velocity and width variation with time are recorded. This set of characteristics and parameter values allows to check some of the formula that can be found in the literature and to prepare input tables for predicting gully erosion.

Preliminary results show that a channel of a constant width is generated fairly rapidly. This means that variations of cross section follow the increase of runoff discharge quickly. 
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A study was done on infiltration of water in a cultivated loess soil, in Southern Limburg, The Netherlands. Two types of cultivation were used, i.e. ploughed and harrowed soil. The ploughed profile had been ploughed to a depth of 30 cm, after which the upper 5 cm was harrowed. The other profile had been harrowed for the upper 5 cm. 

Rainfall was simulated with different intensities on both cultivated soils. Soil water pressure and soil moisture content were measured during the rainfall simulation experiments.

Soil moisture content in the ploughed soil is highest just above the Bt-horizon after both high and low intensity rainfall. In the harrowed soil more water is kept in the topsoil, especially after high intensity rainfall experiments. The soil water pressure shows that under low intensity rainfall the infiltration front in ploughed soil moves quicker downward than in harrowed soil. In the ploughed soil the water stagnates on a relatively impermeable plough sole. Compaction of wheel pressure is dominant compared to the cultivation type. The alteration in the state of the soil surface is a very dominant factor for infiltration processes. Conditions for macropore flow are more favourable in ploughed than in harrowed soil. The ploughed soil appears to have a weaker structure than the harrowed soil. In the Ap-horizon, just above the Bt-horizon, few macropores have disappeared in the ploughed soil compared to the harrowed soil, in which relatively more  macropores disappeared. In the ploughed soil the air-entry value and the pore size distribution increased with low intensity rain events. This implies a decrease of the pore size and an increase of the uniformity of the pores.

According to the water retention curves, in and around rills, more smaller pores are available than in interrill areas. From a drainage system of a ploughed soil it is shown that the drier the sampled soil the more water is released from the soil, while establishing the water retention characteristic in the laboratory. This means that the drier the soil the more macropores have been formed. The topsoil of the Ap-horizon seems to become more compacted than the subsoil, which means that macropores play a more important role in the subsoil. After low intensity rainfall, a greater risk for runoff was developed. This can be explained by saturation of the complete profile, by slaking of the surface causing Horton overland flow or by raindrop impact causing breakdown of aggregates and slaking. Saturation of the soil profile is, according to this and other studies, the most probable cause of overland flow.

From the results of the experiments in a wheeltrack on ploughed soil is concluded that compaction and instability of the surface layer is the most important cause for runoff in soil affected by wheel pressure. Runoff during the experiments causes more slaking and loose of structure at the surface, which is a self-improving system.

The soil moisture profiles of ploughed and harrowed soil after low and high intensity rainfall show decreasing soil moisture in depth in harrowed soil and increasing soil moisture in depth for ploughed soil. The deeper soil moisture front in the ploughed soil is probably caused by the quick drainage of water through macropores. In harrowed soil, the homogeneous soil profile causes a homogeneous decreasing infiltration front in depth.
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Erosion is the primary cause of soil degradation in the world.  It decreases arable surfaces, reduces the soil fertility and causes harmful effects like soil and water pollution, the silting of reservoirs and irrigated fields. In mountainous Southeast Asia, the intensities and forms of erosion are more controlled by land use than by climatic factors.

National agricultural research and extension systems (NARES) in nine Asian countries formed a consortium with international agricultural research centres (IARCs) and advanced research organisations (AROs) to tackle the problem of managing soil erosion (Management of Soil Erosion Consortium, MSEC). Small catchments in each country have been selected and equipped with water level recorders, weirs, weather stations, sediment samplers and sediment traps to evaluate the delivery ratio of sediments at the outlets of the catchments.

In Vietnam, uplands cover three-fourths of the territory and shelter one-third of the entire nation's population (24 out of 77 million people).  The uplands of Vietnam are a fragile environment characterised by sloping lands that are prone to erosion, with low natural soil fertility and declining forest cover. They are currently threatened with ecological degradation, which is already severe in some areas.  Substantial areas of cultivated land in Vietnam have been affected seriously by soil erosion resulting from over-intensive land use and cultivation of sloping and steep lands. The poverty and environmental implications as well as downstream impacts on rivers, lakes, and coastal areas are of national concern. 

The site selected in Vietnam, namely Dong Cao, is located in Hoa Binh Province, close to Hanoi; outfitting finished in June 1999 and observations started in July 1999. The size of the major catchment is 125 ha and four sub-catchments fit in this area. Altitude varies between 125 m to 700 m above sea level, slope is medium to steep (15 to 60%), mean annual precipitation is 1500 mm.

The first results, collected in July during the last rainy season, show that the erosion rates are very high in the cultivated areas. Gravel and stones (> 2 mm) comprise about 30% of the total sediment. Large rills appeared after the heaviest rainfall event in July and represent the major erosion feature in this area.

The MSEC program in the next years will pay attention to Dong Cao catchment and look at erosion problems in more detail, especially large rills and gullies related to agricultural activities.
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�Soil Erosion Model in a Small Basin in the Hilly Loess Region of Loess Plateau, China
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We have developed a physically based per storm soil erosion model to predict small basin sediment production in the hilly loess region. Du to the complex topographical conditions, a wide range of processes and subprocesses of erosion exist, and their associations produce patterns of downslope changes in soil loss which are considerably more variable than the systematic changes generally recognised by existing models. This model is divided into three submodels: the hillslope submodel, the gully slope submodel, and the channel submodel. Spatial unit considered in this model are parcels of land which are generally homogenous in characteristics, i.e. slope zones. In the hillslope submodel, rill detachment and transport are explicitly modelled. Estimated runoff was first compared with the rilling threshold. If the threshold is exceeded, estimation of flow detachment is based on a separate relation. The gully slope submodel is further divided into four components: water erosion on the loess gully slope, active gully wall gravitational erosion, gully head tunnel erosion, and red earth gully slope landslip erosion. In the channel submodel, storm rainfall, effective rainfall energy, the runoff coefficient, and the sediment concentration of peak discharge estimated the sediment delivery ratio. This equation was used to unite all the sediment reaching the base of the gully slope at the mouth of the small watershed. 
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�Geological and topographic indicators of the gully erosion at the upper Araguaia river basin, Brazil
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The Alto Araguaia hydrographic basin, in Brazil’s Central West region over rocks of the Sedimentary Basin of Paraná, 98 gullies were identified through LANDSAT-5TM images. Aerophotographies and topographic maps allowed the working-out of litostratigraphic maps, lengths and inclination of slopes, topographic compartment in the scale 1:100,000, which subsidised the determination of geological and topographic indicators.

In the study two litostratigraphic units were distinguished (claystones, siltstones and fine sandstones from the Corumbataí Formation at north area; and fine and coarse sandstone from Botucatu Formation and basalt rocks of the Serra Geral Formation in the south area) and two topographic compartments (narrow-topped watershed with slopes lengths of between 700-1,900 meters in the north area; and large-topped watershed with slopes lengths of between 700-3,100 meters in the south area).

The gullies are also distinguished in the two areas: 1) at north 29 gullies dominate with a depth of <15 meters, lengths of 100-300 meters, without important ramifications; 2) in the south 69 gullies dominate with a depth of >15 meters, lengths of 100-5000 meters, with frequent ramifications and interceptions of the freatic level.

The geological and topographic indicators found are:

North area: the presence of gullies of small to medium size is owed to the occurrence of litostratigraphic sequence characterised by layers of claystone/siltstone in the base (low erodibility) and fine sandstone layers with small thickness on top, which limit the vertical deepening of gullies. The presence of slopes with a smaller length in straight and dissected watershed makes it difficult the rise of rain-wash, lowering the erosivity and the development of gullies.

South area: the presence of more gullies of medium to big size is favoured by the predominance of the litostratigraphic sequence characterised by thick layers of fine and coarse sandstone (high erodibility), which favour the vertical deepening of gullies and its ramifications. The presence of longer and wider slopes and less dissected watersheds favour the rise of rain-wash, increasing the erosivity and the development of gullies.
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�Geomorphological response of a badland landscape on gypsiferous mudstones to a Mediterranean semi-arid climate.
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Runoff and erosion have been studied during six years in badlands in a semi-arid environment (El Cautivo, Tabernas Desert, SE Spain). Monitoring was carried out in four nested  instrumented micro-catchments.

Results show that runoff coefficients and sediment yields vary along micro-catchments as a consequence of differences in both surface area and terrain characteristics. Runoff coefficients of 70% and erosion rates of 2890 g m-² have been measured in a small bare micro-catchment (0.0062 ha), while values lower than 5% and 60 g m-² respectively in an almost completely vegetated micro-catchment (0.7 ha).

Rain intensity has significantly affected water and sediment budgets. But antecedent soil moisture has only been important when soil was near saturation and a few millimetres of additional rainfall were sufficient to produce Horton-type runoff. Continuous monitoring of soil moisture at 3 cm depth during eighteen months in contrasted topographic positions within the micro-catchment, has revealed that at event scale, bare soils oriented to S-SW got moisture in a slower rate than plant covered soils oriented to N-NE. This is due to the presence of surface crusts which quickly saturate the soil surface and hinders infiltration.

Most (86%) rainfall events during a six year period were smaller than 10 mm, being near the precipitation threshold to produce runoff. Low rainfall intensities (70% of rainfall events had a maximum I5 < 10 mm h-1) along with the presence of a protective plant covered ground (more than 50% of the study area), were the main factors for overall low erosion rates (from 0.08 mm year -1 to 0.35 mm year -1).

A simple spatially distributed model, based on the Horton mechanism for overland flow generation, was built, and applied on the instrumented catchment.  The model is based on the spatial distribution of terrain units and calculates the runoff production of every square meter from the rainfall input and their infiltration capacities. The model provides information about the pathways and significance of water fluxes among terrain units and generates a prediction for the discharge of the catchment. The model is well adapted for rainfall events with one or two runoff peaks.
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�A Photogrammetric method for measuring gully topographic features
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The use of a conventional SLR 35 mm camera mounted on a simple metallic frame affords a quick and robust method of measure of the surface features of a gully. The process includes the image correction of the implicit geometric errors such as distortions due to lens aberration and other systematic errors. The external orientation of the image must be estimated as a second step. Finally, the whole set of images is restitued numerically using space triangulation.

Once the position of the sample points of the terrain are located in the map, an interpolation procedure based on geostatistical analysis gives a digital elevation model (DEM).

An algorithm computes the drainage lines within the DEM. The method has been applied to the study of a small gully formed on a 10 % slope cropped with olive trees. The main features of the gully are analysed and the results discussed comparing to the hydrologic information of the area.
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�A process-based model for channel degradation: Application to ephemeral gully erosion



Casalí, J.1, López, J.J.1, Giráldez, J.V.2



1 Departamento de Proyectos e Ingeniería Rural, Universidad Pública de Navarra. Campus Arrosadía s/n, 31006. Pamplona (Navarra), Spain

2 Departamento de Agronomia, Universidad de Córdoba. Apartado 3048, 14080 Córdoba, Spain.





Ephemeral gullies are important sources of sediment in many cultivated areas. There is a need for process-based prediction tools to assess the importance of the problem, to increase our knowledge of involved processes, and to develop effective control measurements. A process based model for stream degradation was modified and applied to simulate ephemeral gully erosion. The initial channel, considered as prismatic, is defined by the watershed swale. The soil is uniform. Upstream and lateral hydrographs are considered as inputs. The resulting gradually varied flow is determined by the standard step method, assuming normal depth in the downstream end. Flow is considered steady state for each time step. Erosion is assumed as transport limited, once the flow shear stress surpasses the soil critical shear strength. Then, bed erosion is computed, being proportional to the difference between flow shear stress and critical shear strength. The remaining transport capacity is used to erode the banks. At the end of each time step, channel shape is redefined according with the computed erosion in each reach. A sensitivity analysis revealed that particle density and size and roughness coefficient are the key parameters. The model was calibrated using these parameters to simulate the incision of an 80 m long 5.2% slope ephemeral gully in a 0.46 ha watershed with highly erodible soil. The gully was measured shortly after a 20 mm rainfall with a maximum rainfall intensity of 60 mm hr-1 caused the gully to form. Input hydrographs were estimated with KINEROS model. The model simulated properly the amount of soil loss and the gully cross sections shapes along the channel with realistic values of the calibrated parameters. 
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�Influence of extreme rainfall events (El Niño) on a gully system typical of the basaltic plateau of Southern Brazil
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In the region of the Planalto Médio, the basaltic plateau which covers several thousands square kilometers in Southern Brazil, runoff and erosion on the deep ferrallitic soils are becoming increasingly recognized. Many gullies affect the catchments and are generally connected to the river network, causing high sediment concentrations and silting of reservoirs.

The Turcato research catchment (19 km², 480-380 a.s.l.), a tributary of the Rio Potiribu, was chosen as representative, and studied since 1991 in order to understand erosion processes and to quantify the contributions of several sediment sources.

Gullies were recognized for their major contribution as sediment source and as a network for water and sediment transfer. From 1991 to 1999, nine evaluations of the volume of the most active part of the main gully were done by detailed topographic measurements.

The results indicate the growing of the gully system and a strong control exerted by the extreme rainfall events. From 300 m3 in 1991, the volume increase to 568 m3 after El Niño 1992. Until 1997 the gully was relatively stable. After the el Niño 1997 the gully increased to 1122 m3 and since this event, the volume remains stable.

The change in land use from conventional tillage to no-tillage in the beginning of the 1990s is expected to diminish greatly the hillslope contribution as a sediment source. But the extension of the gullies is still continuing, strongly influenced by extreme rainfall. Evidence of subsurface flow appears on gully walls. Results suggest that the hydrological and geomorphological response from one that is strongly controlled by surface conditions to one that is strongly controlled by subsurface characteristics.
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�Recurrent gullying and valley development in SE Brazil. 
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The concave-convex hilly landscape of SE Brazil has been dissected by structurally-controlled channel networks which expand episodically toward the headwater zones, especially along concave-up topographic hollow axis of amphitheatre-like landforms (so-called rampa complexes). Following a long period of regional morphodynamic stability, present-day gullying is removing thick alluvial-colluvial fills that raised up the valley floors during the Pleistocene-Holocene climatic transition (10,000 to 8,000 y.BP). Stratigraphic and process-oriented studies conducted in the Bananal river basin (518 km²), a tributary of the middle Paraíba do Sul river, show that most gullies have developed throughout relatively longer, gentle-inclined hollow axis connected to the regional channel network (81%, n=117); only 19% developed in separate on minor rampa complexes feeding the major one. Gullies may trigger landslides as they approach relatively steep slopes, leading to slope retreat: post-landslide erosion may in turn advance throughout the watershed divides and cause topographic inversions. Gullying-landslide interactions are recurrent process-operations at a place over recent geological times. Current gullying constitute a delayed response to human induced environmental changes in the last 200 years (from rainforest to extensive coffee plantations, followed by rangelands). Gullies are found over distinct lithologies (metasedimentary and granitoid rocks of Precambrian age) and follow a spatially non-uniform evolutionary pattern: in the Piracema creek valley (main tributary of Bananal river), for example, some amphitheatres were not yet affected by gullying while others show active gullies or stabilised gullies under natural vegetation re-growth; among connected gullies, 63% are active (n=97). A representative gully connected to the regional network has been measured since 1982 at Bela Vista amphitheatre: it has progressed from the right banks of Piracema river through the axis of a major topographic hollow and then, growing (2) finger-tips toward the upper, minor hollow axis; both main trunk and minor tips developed in parallel to local sub-vertical joints. Gully retreat is on the order of 1285.5m3/year for the measured period (1982 - 1997). Tip 1 and tip 2 have shown similar behaviour until December/85; then, erosion rates increased at tip 2 which has been retreating faster and faster as it gets closer to the watershed divides. After remaining stable for more than 15 years, the main channel-head was reactivated in the last two years in response to the backward retreating of an internal colluvium-knickpoint. Exfiltration of both temporary and regional aquifers provide critical discharge for seepage erosion, which constitute the primary mechanism for gully retreating. Hollow density (Hd) in the source area was found to be a major morphological parameter fitting well with the spatial variation of erosion rates. The role of “hollow density” in controlling gully retreat was confirmed in other similar amphitheatre of Piracema valley, suggesting that gully length varies proportionally to total hollow density within the amphitheatre; in addition, the distance between gully heads and watershed divides is inversely proportional to hollow density above channel heads. 
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�Assessment of gully erosion using photogrammetric techniques in eastern Ethiopia
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Eastern Ethiopia is severely affected by soil erosion as it is revealed by the common occurrence of  deep and wide gullies which are dynamically expanding in to agricultural lands at an alarming rate. Gullies also represent the chief source of sediments causing siltation and drying of lakes which  are valuable sources of both drinking and irrigation water in the Alemaya and Harar areas. A quantitative assessment of gully dynamics and the associated soil loss in terms of gully volume and a prognosis of areas susceptible to further gullying  were deemed relevant. A sub-catchment  of Alemaya Lake with an approximate area of 9 km²  was selected to make a thorough investigation of gully erosion in the watershed. Aerial photographs from two different  dates (1966 and 1996 at a scale of about 1: 45000) were used to study the development and dynamics of gullies as indicated by volume changes between the two dates. Only paper copies of the aerial photos were available. They were digitized at a pixel size of  20 (m. A DEM  was constructed for the stereo pairs of the images using a raster width of  20m. Gully break line and borderline measurements were done for the identified gully networks. Gully profiles were positioned at  regular intervals of 50 m along the gully length. Gully sections were defined as portions of a gully between neighbouring profiles. Gully volume was computed for every gully section by  the cut and fill principle. According to the cut and fill principle, each gully section is subdivided by the isolines of height difference zero into areas of cutting and filling. Hillslope areas susceptible to further gullying were predicted based on  specific contributing area and local slope having constructed a detailed DEM at 2 m resolution. Gully volume change within sections of the gullies between the two dates and total gully volume change are presented as indicators of gully dynamics during the last 30 years at Alemaya. Soil loss is estimated from the computed gully volumes. Visualizations of  gully profiles and perspective views of the study sub-catchment are presented.
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This paper is focused on the erosive effects by rill and ephemeral gully erosion processes resulting from high intensity rain events in agricultural lands in Central Spain.  In the study area, the climate is semiarid continental Mediterranean with an average annual precipitation around 450 mm. The region’s geology is mainly characterised by non-consolidated Miocene arcosic materials. The area has low relief and gentle slopes, generally less than 15%. Predominant soils are deep Haplic Luvisol  (FAO, 1989) with an upper Ocric horizon of a sandy-loam texture. The main land use is dryland crops, mainly cereal, sunflower, vineyard and olive.

The erosive effects of an extreme storm event on 22 August 1995, near Rielves (Province of Toledo) were studied. Total precipitation recorded in 45 minutes was 70 mm with an average intensity of 93 mm/h. A field survey with special attention to rill and ephemeral gully erosion processes was carried out. Six plots with rill and ephemeral gully channel networks were mapped in detail. At these plots, rill cross sections along parallel plot transects were measured and the average volume of soil loss was estimated. This soil loss values together with the soil bulk density and the total area drained by the rill network enabled the calculation of the soil loss per unit area. These soil loss values correspond nevertheless to minimum values because inter-rill erosion could not be estimated.

The results show that the fallow fields with intensive mouldboard ploughing presented the maximum rill and ephemeral gully development. On the studied slopes, channel sections reached maximum values of more than 2 m in width and 0.5 m in depth. The highest soil loss was over 750 t /ha and the average soil loss for the six studied slopes was 351 t /ha. 

In order to estimate the relative importance of the erosive effects of this extreme rain events, an analysis of time frequency was carried out and a return period less than nine years was obtained for events of 70 mm. The equivalent annual rate of soil loss produced by the single extreme event of Rielves in 1995 are compared to the annual rates recorded in experimental plots (USLE type) during four years (1993/94-1996/97) in the La Higueruela Experimental Station (Toledo). The results show that a single rainfall event may produce more than 84% of the total annual erosion rate.

On the other hand, the results point out that, in ploughed fields, the direction of the tillage furrows seems to have an important influence on concentrate runoff erosion capacity and therefore on the resulted erosion rates. The maximum soil losses were recorded on the slopes with tillage furrows orientated along a direction parallel to the contour lines (fields with contouring tillage) and the minimum values in the slopes with tillage furrows orientated along the direction of maximum slope gradient.
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In Flander's ancient forests large gullies can be found. Their origin is still not well understood.  In some

places the land is gullied to such an extent that the term 'badlands' would be appropriate to describe the hillslope morphology. This paper brings the state-of-the art of research which was conducted in three representative forests of Central Belgium: i.e. the Zonienforest, Meerdaalforest and Bertemforest.  Soil profile morphology is used as a major source of information to trace landuse history back to late glacial.  This evidence, along with the land use history and various kinds of anthropogenic indicators point to

man as a major cause of gullying, rather than natural factors as such.
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�Contribution of ephemeral gullies to erosion on cultivated areas: field measurements in four small catchments in NE Portugal
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In North-eastern Portugal, a region where steep slopes dominate and most soils are thin, acid and highly stony, soil erosion affects the sustainability of agricultural and forest areas and, conversely, cultivation practices may strongly affect erosion rates.

Measurements at plot scale, in the region, show that erosion rates are normally low, due to protection provided by surface rock fragments. These erosion rates correspond to interrill erosion rates. At small catchment scale, however, linear erosion features are commonly observed in fields, meaning that conditions for erosive overland flow generation occur. Empirical observation indicates that ephemeral gullies affect mainly cultivated areas and that their occurrence depends on the combination crop cover status and rainfall characteristics.

The relative importance of linear erosion is not known in the regional context. Hence, field measurements were performed in small cultivated catchments in the Bragança area (NE Portugal), in order to have a quantitative insight on the contribution of this form of erosion. The region has Mediterranean climate, and Fallow - Winter Cereal is a very common crop rotation. At the time of measurements, the area was very much affected by linear erosion features, formed after heavy rains falling over poorly covered cereal fields, during the late Autumn - early Winter period.

Ephemeral gullies (and rills) were measured in four catchments, ranging from 0.5 ha to 4 ha, with average slope gradients varying from 10 % to 20 %. Catchment divides were visually determined in the field, taking into account also micro-topographical features affecting runoff paths. Cross-sectional areas were estimated, measuring width and depth of incisions and visually assessing cross-section shape. Eroded volumes were estimated by integration of cross-sectional areas along the gullies’ axis.

Results show erosion volumes far higher than those observed under interrill erosion conditions, ranging from 6 to 42 m3.ha-1 in a single season. Contributions of measured linear erosion features to estimated total erosion may be as high as 77 %. These results highlight the regional importance of linear erosion and address the attention to the need of conservation measures specifically coping with this problem.
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Gully erosion is particularly severe in semi-arid countries where there is pressure on soil and vegetation resources. Most erosion studies in Spain have focussed on the south-eastern semi-arid areas where short and high intensity rainfall, and fine-grained materials produce extensive badland areas.

The Guadix area is one of the semiarid areas in Spain, which reach high erosion rates. Guadix is located in the south-east of Spain between the Sierra Nevada to the South and the Sierra Gor to the North. The climate regime in Guadix area is continental with strong variations with height.

The rate of gully growth is one of the most important indicators used for calculating the area destroyed by gully erosion and assessing the many kinds of damage it causes. Gully expansion, usually measured as an increase in area and length over time, is commonly evaluated from successive aerial photographs. 

The objectives of this paper are:

To determine area and length expansion of the gullies found in Guadix area.

To relate growth rates with gully geometry, precipitation and irrigation channels.

To estimate soil loss volume.

Black and white aerial photograph from 1956 and 1994 were used to define areas affected by gully erosion. The scales of aerial photos were 1:20000 and 1:30000 respectively. These aerial photos were georeferenced by using control points with ER-Mapper.

A sample of 5 gullies was digitised using ARC/INFO. We overlaid two photos corresponding to the gullies, one obtained in 1956 and the other in 1994. Expansion areas and length growth were examined and determined by comparing the two aerial photographs with ARC/View.

The volume of material removed was estimated from a field survey of cross-section in 5 gullies at the Guadix area. Field observations in this area reveal that gullies are quite active. The results indicate that the lower rate of gully head cutting is over 0.87m year-1 and the higher is over 1.71 m year-1, and so, for successive years, gully erosion has been responsible for very important soil losses in the Guadix area. 

In this particular environment, natural processes associated with climatic fluctuations are probably insufficient to cause gully initiation, but may contribute to gully expansion.
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�Estimate of volume of soil lost in a gully of an olive-grove in Spain using a total station. 
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Soil erosion caused by water is one of the main problems facing Spanish olive cultivation. Olive groves take up approximately 60% of the total area of cultivated land in Andalusia, in many cases on steeply sloping land. This, together with the fact that practically throughout the year the soil surface is left bare, means that soil loss produced in olive groves is far higher than that measured in the cultivation of cereals/sunflowers or in areas used for grazing or in shrubland. Olive cultivation, being a mainstay of the economy, not only in this country, but also in the whole of the Mediterranean region, produces serious problems of erosion, with negative consequences for soil productivity, as well as for the environment in general, because of the dispersion of sediments and other pollutants. 

The aim of traditional cultivation is, by tilling the land, to keep the soil free of weeds; however, this destroys the natural ground-cover and bares the soil to the erosive action of the elements. 

According to estimates made over the last five years, over 80 tons of soil per hectare is lost every year in Andalusian olive groves, a figure which is even higher in soils on steeply sloping land, and this exceeds by far the regenerative capacity of the soil. 

This erosive action is accentuated in this region by the extremely heavy seasonal rainfall, which produces quickly-forming gullies of such a size that some olive trees may be swept away in its path and the production of the olive grove may be seriously affected. 

The aim of our study is to estimate the volume of soil lost by the formation of a gully in an olive grove situated in Arjona, Jaen (Andalusia). We have also calculated the extent to which production has been affected and the economic repercussions. 

The gully was started by the rains in the month of December 1997 and reached spectacular proportions by the end of the month. A total station was used to calculate the soil loss, using cross sections along the length of the gully to estimate the volume of soil lost. The results show that the methods used to achieve this estimate were appropriate, since using the total station we obtained co-ordinates X, Y and Z for the land to an accuracy of (1 mm. It is a quick method which is easy to use, and gives us information not only about the soil loss but also about the topography of the land. 

The use of the total station to calculate soil loss is also a useful means of making a long-term study of the advance of both the gully-head and the gully-walls. 
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�Gully head erosion rates on field experiments during E.N.S.O. periods: study case examples from Southern Brazil.
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Three field experiments on gully erosion were carried out from 1995 to 1998 in Southern Brazil, at the States of Paraná and Santa Catarina. The study period, coincidently, embraced three atmospheric behaviours associated with the El Niño Southern Oscillation (E.N.S.O.). The 1994/95 period was characterised by normality. During the 1995/96/97 period the La Niña event prevailed, while the 1997/1998 period was affected by a strong El Niño event.

Measured erosion rates in the field varied according to local characteristics (particular mechanisms and soil properties). Globally, as it should be expected, erosion rates were more important during the El Niño event, commonly associated with strong precipitations in Southern Brazil.  

Each of the three study sites was designed in order to analyse particular mechanisms, whose existence had been hypothesised according to results from previous surveys, as follows: 

a) seepage/tunnelling erosion and connected gully evolution on a sedimentary bedrock pseudo-karstic area;

b) concentrated overland flow formation and disconnected rill/gully erosion evolution on a sedimentary bedrock area;

c) disconnected gully head extension on alternately cohesive/non-cohesive eolian-colluvial sandy materials.

Final results confirmed most of the initial hypothetical assumptions, although some unexpected effects were brought to light. The seepage/tunnelling erosion experiment (site a) was inadequately designed to out-flow measurements, despite some general good results on erosion rates. During the El Niño event, an unpredicted synergy between overland flow and subsurface flow, following water table rise, was verified at the disconnected rill/gully erosion experiment, accelerating erosion rates (site b). At the gully head extension experiment (site c), regressive alcoves evolved under the effect of a peripheral mechanism, named adhesion flow, sapping the ground surface and accelerating gully head retreat. Although adhesion flow proved to be an effective agent, even during the La Niña period, erosion rates were more important during the El Niño event. 
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�Local factors controlling gully or areal erosion in the Western Sierra Madre (Northern Mexico)
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Intertropical or subtropical mountains are generally sites of intense erosion because of high precipitation rates and fragile soils. This is different in the Western Sierra Madre where active erosion is a recent process characterised by areal erosion, diffusely spread over the landscape, with local formation of gullies. Both types of soil erosion are present because of uncontrolled human activities, aggravated by the historical changes of land property.

A systematic study of gullies has been carried out to understand the reason why they appear only in certain cases. An attempted explanation of the conditions of appearance of both gully and areal erosion landforms is exposed here.

The main problem of soil conservation in the Western Sierra Madre is the overuse of land. Extensive cattle production has been practised for more than a century depending on population’s density, but overgrazing is very high for about fifty years.

The mean annual rainfall in this region fluctuates from 500 to 1000 mm; this region is located near the arid zone of northern Mexico. 

Areal erosion seems to make “stones grow” in extended areas; soils thickness is weakened and grasslands are poor and degraded. In addition, an important deforestation is damaging the forest in the highest parts of the mountains (higher than 2500 m).

Erosion appears locally, in a gully type along hundreds of meters and more than five meters deep. Gully erosion appears essentially in the low gradient slope areas corresponding to the deepest soils (Phaeozems). 

In other sites there is no gully erosion, in spite of steeper slopes, because of the kind of rocks present (Rhyolitic Ignimbrites) and the density of vegetation (pines and oaks forests) that weaken the gully formation, but do not stop the areal erosion. 
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�Studies of historical gully erosion and their influence on land use processes in Bavaria, Germany
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Many gullies cut into the silty-sandy material of the Triassic benchlands of northern Bavaria.

The „Wolfsgraben“ research area a gully cut in several meters deep in a length of 400 m in a bluff at the west side of the upper Main valley. The gully and its alluvial fan were analysed based on 14 exposures and 30 drillings to reconstruct soil formation, extreme rainfall events and land use changes in historical times. Detailed field studies, chemical soil analyses, dating methods of charcoal and pottery as well as written documents resulted in a complex stratigraphy.

More than 50 phases of landscape development during medieval and modern times, which were caused by extreme rainfall, runoff and soil erosion in agriculturally used areas, could be identified.

In the 14th or early 15th centuries the first major postglacial landform change occurred due to intensive land use and extreme rainfall, a gully cut in. Then the gully was filled with many colluvial layers eroded from adjacent slopes. At that time and in early modern times the slopes were used as vineyards and hopgardens. In the 18th century there was a second major erosion event that formed a 2 m deep and 400 m long gully. Today the area is covered with forest, the cutting of the deep gully enabled many small landslides. Between ~1350 and ~1750 A.D. the total sheet erosion was nearly 70 mm (0.17 mm * a-1) and the gully erosion between 1751 and 1900 A.D. was approximately 1600 mm. Most of the deepening took place in one single extreme erosion event.
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�Gully erosion: activated palaeo geologic structures by neotectonic / anthropogenic events.
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Flood, soil and gully erosion in parts of South-eastern Nigeria particularly Anambra, Enugu and Imo states show clear patterns of the influences of palaeogeology, neotectonics and anthropogenic effects. Heavy rainfall averaging annually at 2000mm, demographic population growth, industrial and agricultural activities, deforestation, urbanisation, etc. that are driven by the forces of anthropogenic activities have joined to work on pre-existing unstable palaeogeographic, palaeogeologic and neotectonic features to cause massive soil movements, gully erosion and landslides. These have precipitated uncontrolled environmental disasters through loss of lives, infrastructures, etc. Present day soil and gully erosion must not be looked at superficially in terms of causative agents. The underlying physicochemical characteristics of the soils and rocks, the joints, faults and grabens and potential movement along them as a result of imposed stresses in place and time tend to be more importance and hence must be seriously considered for the sustainable development and management of an environment.
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�A multi-scale approach of runoff generation processes in a gully catchment in Sahel : a case study in Niger.
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Runoff production conditions of a small gully catchment are studied at four different scales: the very local scale (0.001 m²), the local scale (1 m²), the plot scale (of the order of 100 m²) and the catchment scale (0.2 km²). At very local scale infiltration measurements were conducted using cylinder infiltrometer. At local and plot scale, runoff plots were set-up on the typical soil surface conditions observed on the catchment (plateau bare soil, hillslope bare soil and fallow grassland). 

The overland flow yield is strongly non uniform in space, due to high spatial variability in infiltration capacities and depressional storage of the soil surface. From the runoff and infiltration data collected, the role of soil crusting in runoff generation is confirmed in that part of Sahel. At the very local scale, conductivity measurements have confirmed that infiltration and runoff were driven by the hydraulic properties of the crust. At the plot scale, microtography and heterogeneity in the soil surface crusting decreased discharge volumes. The influence of vegetation growth on runoff yield appears in the case of the fallow sites. Analysis of discharge data at the catchment scale highlights that seepage through the bottom of the gully between two gauging stations leads to the abstraction of non negligible volumes of water.
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�The influence of runoff, lithology and water table on the dimensions and rates of gullying processes in Eastern Nigeria
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Gully erosion is a serious form of land degradation that has produced badlands and endangered roads, habitation and agriculture in Eastern Nigeria. Observations reveal that with adequate topographic slopes, the lithologic sequence, runoff and watertable influence the dimensions and rates of gully propagation.

The characteristic properties of the lithologies and the location of the watertable determine the soil moisture conditions and their apparent cohesion. Gullies initiated at the baselevels or the scarpslopes are subsequently enlarged through sidewall processes and headward erosion.

Either concentrated runoff, effluent seepage or both. Where the gullies have truncated the watertable, subterranean erosion, progressive undermining and landslides. High watertable, enhances sidewall processes and gullies develop more rapidly during rainy seasons. Gully depths are controlled by the local baselevel and the watertable.

Concentrated runoff is another factor in gully erosion. Usually runoff increase in volume, velocity and density down slope and initiate scarp gullies at the lithologic boundries. Unfortunately the lithologies are weaker where the eroding energy of runoff is maximum and some parts of Eastern Nigeria are thus inherently susceptible to gully erosion.

The Geological model of the study areas highlights a sedimentary sequence where sands overlie the shales. Lenses of shales and clays occasionally occur within the sandy beds, as observed at the Agulu-Nanka-oko gullying axis in Anambra State. There gullies have exposed the upper (parched) and lower aquifers and gullying processes occur at two elevations in the same sits. Failure surface involving the lower aquifer result to massive landslides such as  the 1991 Nanka landslides disaster.

The entire column may consist of unconsolidated sands and clays as in the coaster plain sands which are severely being gullied at Amucha and Umuaia. Gully development is slow within the redearth topstratum but accelerates rapidly when the cohesionless sands are exposed, becoming catastrophic when the watertable is truncated.
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�Incidental gully erosion in Anambra state of Nigeria
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Gully  Erosion is a serious process of land degradation that threaten roads, habitation and agriculture in Anambra State of Nigeria. Four categories of gullies are discernible in the state but attention is focused on “Incidental” (type 3) gullies. These are avoidable gullying processes set in motion by human interference with the precarious equilibrium existing in the ecosystem through poor environmental management in civil engineering practice in the state. Anambra State is underlain by sedimentary rocks and the lithologic sequence makes they are susceptible to gully erosion. Civil engineering and enthropic  factors create enabling environment for initiating gully erosion. The response of the lithologies to the post construction geological events determine the magnitude of the ensuring gullies. In road construction, the routes cut across both sandstones and shales with the accompanying engineering and geological problems. The clearing process concentrates the runoff along the lowlands. The concentrated runoff with its saltation and traction loads gather momentum down slope. The acquired energy is dissipated in the scoring and erosion of the cohensionless sands. With appreciable topographic slope, the devastation of the sandy layer is very great. Often the roads are destroyed before their completion. The effects on shales are minimal because of their erosion. Ancient gullies are reactivated when runoff is directed into their thalwegs. Roadcuts, seasonal scraping to grade and poorly completion drainage channels are invitations to roadside and urban gully erosion especially where the cohesionless sands are exposed. When effluent seepage occurs at the foot of cut-slopes, erosional processes ensure and choke the roads with sediments. The minor Awka-Orlu uplands, in Anambra State, are replete with such gullies which are  traceable to roadworks. Estate developers are also in the habit of channeling household runoff into public roads, thus constributing to roadside erosion processes.
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�A photogrammetric approach to the monitoring and modelling of footpath gully erosion
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Although gully erosion processes have received significant attention in the context of soil erosion and semi arid geomorphology little research has been undertaken concerning such forms in relation to recreational planning and environmental management. Many sites of outstanding natural beauty, and/or areas attractive to outdoor recreational activity display linear gully type erosional features activated directly by human action. This paper considers such gully forms and processes resulting from recreational activity in an area of the UK’s newest National Park: The New Forest (Hampshire).

It is the unusual character of specific parts of our landscape that often attracts the general public to such locations for out door recreation. Yet it can be the very uniqueness of the area that indicates an environmental system in a potentially delicate state of equilibrium, one in which relatively minor perturbations can activate dramatic landscape responses. The extract of the New Forest under consideration here is an example of one such area..  

A relatively high plateau area of heath land vegetation offering extensive views across the landscape provides an environment attractive for horse ridding, mountain biking and general walking. The soilscape of Podsols developed in the complex spatial mix of sands and gravels provides a surface material with distinct layers with very different physical properties, these range from single grained powdery Albic E to a harden concreted spodic B. The interaction between recreational impacts on the vegetation, and fluvial action on the exposed material is seen by the development of strong linear gully network along lines of maximum human impact. These gully forms can reach widths and depths in excess of 1.5m, their geomorphological interest centres around their unconventional relationship to topography. In addition, abandonment and reconolisation occurs when the intensity of gully development hinders the very outdoor activities that initiated them. Conservation and reclamation of the gully forms have been attempted in this area, however, in some instances this activity has actually created more erosional problems than it solves. The paper will develop an evolutionary model to explain the development of gully footpath erosion in this area, many facets of which will be generally appropriate to other areas with similar erosional problems.

Much of the information for model development is derived from photogrammetry. The research uses both vertically and oblique photographs at a variety of scales to map and measure sediment movement in the gully forms. Traditional air and terrestrial photographs (2m above surface) will be discussed, as to the comparative advantages of digital and analytical treatments. The paper clearly demonstrates how photogrammetry can be used as a powerful tool in gully erosion research in general.
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�Further exploration of a surface stabilisation model for gullies initiating in dispersive materials.
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Gullies initiated by piping in dispersive materials are discussed in terms of their potential for stabilisation. The geochemical properties of surface materials at several badland sites in Spain and in Colorado are compared with those of subsurface materials, and found to have a  SAR/EC signature that imply dispersivity of surface materials reduces through time. A leaching model of stabilisation is proposed, which allows the geomorphological evolution of such sites to be re-considered, and which suggests that surface and sub-surface erosion by piping can in some situations 'autostabilise'. The threshold separating those sites capable of stabilisation from those whose dispersivity is likely to remain high as erosion proceeds is discussed.

With this hypotheses in mind, two data sets are explored in terms of their geochemistry. In the first study, soil samples from badlands in Colorado which were initially analysed nearly 30 years ago by Heede (1971), are re-classified in terms of the inferred extent of re-working by water. The SAR/EC functions for each subset of data separates out with inferred age, lending further support to the geochemical stabilisation model. In a second test, sites in Vera, Almeria, originally examined by Harvey (1994) are reassessed by the inferred age of the gully slope. Again, the results are encouraging, casting an interesting perspective on the effects of contemporary management in the Vera area.
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�The right answer for the wrong reason? Validating the WEPP watershed model on two contrasting catchments: Sorriso, Mato Grosso, Brazil and Breaky Bottom, South Downs, UK
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Before any physically-based model can reliably be used to estimate the impacts of global change upon soil erosion, validation of its predictions is essential. To quantify the contribution which results from the development and growth of gullies (cf. Poesen et al., 1998), it is necessary to carry out such validations at a catchment scale. 

For models with a hillslope focus, validation usually consists of a simple comparison of modelled and measured rates for the whole of the hillslope area (e.g. Favis-Mortlock, 1998). However, for models which operate at a catchment scale this is not enough. A reasonable estimate of sediment yield at the catchment outlet may result from a simulated field-by-field pattern of erosion which is simply wrong (Jetten et al., 1999 in press). This is an example of ‘model equifinality’ (Beven, 1993) or in other words ‘the right answer for the wrong reason’.

Any validation of a catchment-scale model must therefore also compare modelled and measured spatial patterns of erosion. This is not easy, owing to the relative scarcity of suitable field data. Here, we examine the ability of the watershed version of the WEPP model (Flanagan and Nearing, 1995) to estimate the quantities and patterns of rill and gully erosion on two contrasting catchments. The first is a 225 ha sub-catchment of the Lira River, in the municipality of Sorriso, Mato Grosso State, Brazil. Here, a combination of intensive soybean cultivation, intense seasonal rainfall and erodible soils has resulted in severe rill and gully erosion (Almeida, 1997). The second is a 189 ha agricultural catchment at Breaky Bottom, on the UK South Downs. Fields on this catchment eroded severely in October 1987 during the most serious erosion event to have been recorded in Britain (Boardman, 1988). 
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�Experiences with a step by step indication of soil erosion risk and erosion paths in the Peene river catchment /Germany.
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Part A (Poster 1): The method and the results (Frielinghaus)

Part B (Poster 2): The project Peene River Catchment (Winnige)



The most important water erosion forms are rill and gully systems in the river catchments of north-eastern Germany. The landscapes are characterised by the greatest share of water protection areas in all of Germany and a high relief energy and  large surface variation with a dense net of “thalwege”. More than 40.000 lakes and thaw lakes, rivers, streams and other waterbodies are a result of glaciation. The pollution of these areas has increased by intensive agricultural land use. About half of the non-point phosphorus immission and about 9% of the non-point nitrogen immission of the North and the Baltic Sea are a result of run-off and water erosion. Sandy soils with a low aggregate stability, a negative summer water balance, a strong annual precipitation variation dominate. A strong horizontal and vertical non-homogeneity of the soils, which largely defines the soil fertility status, is dominant. However, the intensive land management practices which have occurred since the beginning of arable farming are relevant considerations. The development of an indicator system to estimate the soil loss and transport risk was necessary for an adequate controlling.

The steps of indication are: 1. Indication of present state and soil load capacity with the result: 5 steps of potential water erosion risk; 2. Precise assessment with special morphological (DHM), climatic or other indicators with the result of exact regional potential erosion risk; 3. Indication of the long-term land use influences with the result of regional-specific pressure of more stable land use systems, 4. Regional-specific pressure of agricultural management and assessment of soil surface cover on field plots with the result of actual water erosion risk, 5. Assessment and mapping erosion systems and forms on field plots with the result of data basis with erosion systems and paths, 6. Assessment and mapping of emission forms and paths into rivers or water areas and the quality of infiltration strips. 7. Assessment of meadow-term or long-term onsite degradation by erosion on field plots. 

After this risk assessment it is possible to decide the control level: level 1 till 2 

priority of response by farmers with Best Management Practice and special practices or land use change, level 3: priority of response by farmers and water/natural control services with special programs. 

The experiences of this step- by-step concept for catchments will be presented together with the concept for land use changing. 
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�Land use change and gully formation over the last 200 years in a hilly catchment
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Gully erosion can widely be observed on cultivated hillslopes in Hungary. Loose deposits covering two thirds of the total area of the country favour gully erosion.

A detailed study of gully formation was carried out in Rakaca catchment, (58 km2), north eastern Hungary. The objectives include (1) a detailed survey of present gullies, (2) an explanation of differences in gully distribution within the catchment, (3) clarification of the role of influencing factors like slope gradient, vegetation cover, soil type etc., and (4) a study of temporal changes over the last 200 years based on the comparison of topographic maps.

Present gully distribution was surveyed first applying 1:10 000 topographic maps and aerial photos. The total length is 70,9 km, i.e. 1,22 km/km2. Distribution differences within the catchment can be explained by differences in slope gradient and in vegetation cover.

The rate of increase of gully length per unit area (1 km2) calculated for different time periods shows the following trends: (1) until 1860 when more than 50% was forested 5 m/year/km2; (2) between 1860-1920 when forest area dropped to almost 25% and agricultural land use was extended to slopes steeper than 25% it still remained roughly 5 m/year/km2; (3) after 1920 with 24-25% forest cover and with the extension of agricultural activity even to the steepest slopes it reached 10 m year/km2.

It could be shown that gully erosion on cultivated slopes leads to the development of gully systems in 50-60 years even if slope gradient is below 12%.

To prevent the further development of gully systems it is suggested that at least 30% of the area should be forested and slopes steeper than 17% should not be cultivated at all.  



Key words: gully erosion, historical study, Hungary



Corresponding author:	Ádám Kertész

			Department for Physical Geography

			Geographical Research Institute 

			Hungarian Academy of Sciences

			H-1112 Budapest, Budaörsi út 43-45.

			Hungary

			Tel: +36 1 3092686		Fax: +36 1 3092686

			E-mail: kertesza@helka.iif.hu





�A Combined - Researcher-Farmer Solution to Soil Erosion
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The Herschel district of the Eastern Cape province of South Africa has very unstable dispersive soils. The area is also characterised by erratic rainfall and heavy rain storms. The steadily growing population of livestock has contributed to extensive spreading of gully erosion.  A research project, Species provenance and demonstration trials in arid zones to establish potential for community development, funded by the Department of Water Affairs and Forestry (DWAF) has been underway in the area for four years.  The project is community driven and has set out to solve some of the villagers' erosion problems with "tree solutions". A number of erosion control methods have been attempted in the past mostly by government departments.  Expensive engineering structures were the main method of combating erosion employed by the government extension and development agencies. Due to lack of funding and political change in the country these structures have not been maintained and only aggravated the situation causing development of bypass channels and further spread of dongas.  A new approach was needed that would empower the villagers themselves to counteract erosion.  Such a solution should be the villager's brainchild. It should be cost effective, so that they can undertake the implementation and maintenance without huge amounts of funding and machinery.  Finding such solutions is one of the aims of this research project.  While negotiations with the villagers and local authorities have been underway desperate farmers have already started to take control of their erosion problem.  This poster attempts to tell this story.
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Erosion by water is a continuing, long-term problem in southeastern Nigeria forming a threat to infrastructure and agricultural production. The worst affected areas are located along the Escarpment landscapes of the Udi-Nsukka Cuesta and Awka Uplands. The ravine complexes in both areas, also known as badlands, have attracted considerable attention because of their canyon-like proportions and their undermining effect on local infrastructure. According to Grove (1951), the northern part of the sandstone-dominated Udi-Nsukka cuesta had not suffered extensive ravine erosion and was therefore not included in his map featuring regional badlands. The current situation of ravines scarring the landscape, increased gully formation and interrill/rill erosion called for analysis of the problem. A multi-scale and integrated approach combining biophysical and participatory research methods was used to examine gully erosion at different spatial scales, to identify possible erosion causing factors and to evaluate current remediations at individual, village and State level.

Differences in soil properties, topography, vegetation, land use systems and soil loss (USLE) for different locations along a toposequence traversing the plateau and escarpment of the Udi-Nsukka Cuesta, did not fully explain larger gully nor ravine formation. Terrain observations of gullies and ravines were compared to archival research, historical accounts by villagers and geographic analysis of aerial photographs (1962; 1:40,000). Extensive ravine complexes, badlands, covered an area of 1063 ha or 10.6% of the escarpment in 1962 and still continued to cause heavy rates of mass wasting to date. The ravines were mostly associated with the subsurface hydrology and excessive surface runoff caused by tarmac roads, whereas gullies were mainly caused by surface runoff points near rural infrastructure and settlements, in combination with de-vegetation and land use practices.

Present practices to control interrill/rill and minor gully erosion include contour ridging and careful crop selection at farm level; privately owned fields received organic manure and were overall better protected. Both community efforts and State measures to combat erosion tended to be crisis managed, and were concentrated on repairing damage to economically important infrastructures. Minor road works at village level included culverts and drainage ditches with weirs and sediment traps, whereas major road protection works were carried out at regional level by the Ministry of Public Works. A conceptual diagram was developed to show the complex interaction between various geo-physical, agro-ecological, socio-economic and political components influencing gully erosion at farm level, village and regional scale.
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�Gully and other erosion processes contributing to Lesotho’s rapidly degrading alpine wetland ecosystems
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The eastern Lesotho highlands (> 2600 m.a.s.l.) are characterised by an abundance of bogs and fens within the gently sloping headwaters of streams.  These offer a stark contrast in what is otherwise a semi-arid mountain environment.  The succulent grasses and sedges of the mires provide nutritious forage for livestock, especially during autumn and early spring, when little forage is available from the surrounding grasslands.  However, the integrity of many wetlands is being damaged through what appears to be a synergistic set of factors.  The wetland degradation is often said to be exacerbated by overgrazing and trampling of the surrounding grasslands, resulting in increased soil loss and runoff from the mountain catchments.

The objective of this paper is to provide a preliminary outline of the physical mechanisms contributing towards wetland degradation in Lesotho.  It is apparent that gully erosion within these wetlands is altering the hydrological, sedimentological and vegetational components of the mires.  Parameters such as the penetration and infiltration capacity and shear strength of wetland sediments are used to compare gullied/eroded zones with adjacent turf covered zones, for a particular wetland.  The various monitoring initiatives to quantitatively ascertain the associations between gully erosion, zoological erosion and surface cover change are presented.  Some data on gully sidewall morphology and geomorphological processes are provided.  

The penetration and infiltration capacity and shear strength of wetland sediments has been altered adjacent to gullied zones, primarily owing to vegetation cover reduction and zoologically induced tunnel erosion.  Consequently, this promotes a rapid runoff response time and enhances the erosion potential.  Preliminary findings suggest that gully systems within alpine wetlands in Lesotho have a considerable indirect impact in promoting extensive cover changes across the wetlands.  A cyclic pattern of interrelated factors promotes gully erosion in some areas of wetlands, while in other areas there is evidence for stabilisation and the reestablishment of vegetation.
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�The monitoring of rill erosion on erosion on disturbed tundra soils of the Jamal Peninsula
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The pointer of soil removing (Q), has been determined at the beginning (Qn) and at the end (Qk) of the rill network section having the length x. According to the difference Q = Qk- Qn,for a given section, erosion (Q > 1), transit (Q = 0) and accumulation (Q < 1) can be determined. The erosion and ecological danger is been evaluated according to Qk. A value of Q (kg) can be determined empirically or calculated: Q = q÷ô; for melted soils q = qt, for frozen ones - q = qr x + qm; qt,m = ?Vc0,75(Vb/Vc)n; qr = Kt(tw-tc)?i/Wi (Kosonozhkin, 1992);   ; ët = 7,6?10-4(1,64? -1); tc= 0,05 - ts/50;  - water discharge, m3/s; ô - time of discharge, s;   tw, ts -  temperature of water and soil , 0ó.; ?i- ice density, kg/m3; Wi- ice concentration, %; ? - the coefficient porosity; ? - a coefficient = 15,0?10-3 for saturated flows and = 9,5?10-3 for unsaturated flows;  n = 1.5 when Vb/Vc< 1 É  4,33 when Vb/Vc>1;  Vb=0,648qÓ0,19?0,17J0,41/n m0,81; ? = 0,7d;  J - slope; nm = nÏ when Vb >0,20m/s and nm= 0,2 no/Vb when Vb< 0,20m/s; 0,02? no? 0,05; Vc , where Vb - bed velosity; Vc  - critical bed velosity; g = 9,81 m/s2;   n??3;    ?, ?Ï- the soil solid faze density and the water density, t/m3; ò - the aggregate porosity; d - diameter of waterstability aggregates, m;   óÕÎ - a function from soil cohesion (ó), t/m2 .

For calculations of Wi , ó and óÕÎ for melt and frozen soils, can be used their dependence of ?, plastisity 1, and its lower limit WÎ,  temperature of soil (ti) and of the beginning of its freezing (tni); ratio of Wi and full water capacity (Ww), plant residues content   (Grigoryev, Bobkov, 1995; Roman, 1987). Values of d,?, P, ?, R, WÎ, I, Ww, tw, tni, ts, qÓ, J, nÏ, ô represent the basic pointers for monitoring of rill erosion in tundra.
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�Gully erosion in Brazil – a historical overview 
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Gully erosion is a serious environmental problem in many parts of Brazil, and as a result  has generated a considerable body of research literature. Much of this is in Portuguese however, and thus not readily accessible to the international scientific community. This paper therefore, aims to present an overview of gully erosion in Brazil, and to illustrate this with reference to the land use history and environmental circumstances of four contrasting areas, each of which has a severe gully erosion problem. These are northwest Paraná State; the Central Plateau; Paraíba do Sul Valley; and western Minas Gerais State.

Brazil with an area of 8,511,965 km², is mainly in the tropics and has an annual rainfall between 1,500 and 2,500 mm. This falls mainly during the southern summer (between December and March). Intense and long-continued physical and chemical weathering has produced very deep soil profiles, some over 10 m deep. Severe gully erosion on these soils is the result of agricultural practices which leave the soil bare during the rainy season. In general, deforestation (often associated with slash-and-burn agriculture) has been followed by the adoption of intensive agricultural practices, including monoculture and the use of heavy machinery; soil conservation measures have not been widely adopted. However, the history and detailed circumstances of land degradation varies notably in different areas of Brazil.

In the northwest of Paraná State gully erosion began as early as the 1950s, when the vegetation was cut down to grow coffee, cotton and corn. Soils here are highly erodible sands (Latosols and Podzolics). Gully erosion is now widespread in the area. On the Central Plateau (which encompasses Mato Grosso and Goiás State) the original Cerrado (savannah) cover was cut down in the 1970s and the 1980s for intensive monoculture of soya beans. The topography (vast plateaux with large fluvial depressions) is ideal for heavy machinery and monoculture. On the area´s very sandy soils (Latosols, Podzolics, Litholics and Cambisols) gully erosion is common.

Paraíba do Sul Valley lies between São Paulo and Rio de Janeiro State, between Sierra do Mar and Sierra da Mantiqueira mountain ranges. Soils here are Latosols, Podzolics, Cambisols and Litholics. The vegetation cover on these steeper landforms was cleared in the eighteenth century to grow coffee; currently, the main land use is cattle grazing. Gully erosion began in the eighteenth century and continues today. Finally, the west of Minas Gerais State lies on a sandstone plateau, where soils are again very sandy Latolols, Podzolics and Cambisols. Here the vegetation cover has been cleared for cattle grazing. In a single municipality (Uberlândia), over 200 gullies have been documented.
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�The development of a one-day gully at St-Lievens-Houtem in the loess area of Belgium
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A very rainy autumn had saturated the soil to the point that several potato fields could not be harvested.  A wet winter culminated in 2 days of heavy rain in early February. A spectacular gully was cut in one day at a particular sensitive point.

Alongside a slightly sloping hardened field road, run-off was collected from the adjacent fields which were approximately contour ploughed.  Down-slope at a T-junction run-off crossed the another hardened road and fell with a 40cm denivellation on the lower field.  This has a maximum slope of 9%, and was cultivated parallel to the slope with potatoes, which had not been harvested due to the wet conditions.  This resulted in slightly elevated rows with intermediate channel-like depressions with coagulated surface.  In this field the gully was cut, starting at the small waterfall.  Two days later observations best start with the incipient rill at the down-slope end.

Some water still flowed in the starter rill, cut in the channel between two slightly elevated rows of potatoes.  The water had rolled some gravel (mostly derived from the upstream road gravel) and had cut a polished rill, clearly with the important help of these grinding stones.  About 10cm wide, it presented a microrelief due to some  inhomogeneities in the soil and some uncovered potatoes.  For some ten meters it remained about 20cm deep, probably under the influence of the compressed and more resistant plough sole at that depth.

Upstream the rill deepened into a miniature canyon, still 10cm wide but rapidly cutting into the textural soil Bt. The vertical walls were sustained by the cohesive clay rich, not completely soaked, soil.  The rill had a clear tendency to change its rectilinear into a  regularly curving course.

In the next section active slumps on both sides created a V-shaped gully with steep, striated failure walls and a hummocky bottom with brecciated slumps. Small lakes are formed which soak the soil lumps and the cascading water breaks them up and rather rapidly regularises the bottom. The ravine was then 1.5m deep and 2.5m wide.

The deep slumping makes it clear that in the previous stage an important cavity must have been eroded.  The canyon after cutting through the Bt horizon, reached the decalcified loess, the most erosion susceptible horizon through loess of the original chalk bridges and still absence of illuvial clay binding.  This must have caused the canyon walls to retreat rapidly underground, creating a growing cylindrical cavity leading to the slumps.  Further increase of the curved course must have enhanced the lateral underground erosion.

-Once the bottom clear the flow discharge resumed in eroding the decalcified loess with a sinuous flow indicating that lateral erosion was increasing.  In the bends the wall steepened, causing again failure which sometimes occurred in two fazes: a small slump in the loess, undermining the Bt followed by the larger slump of the upper wall.  The ravine was now 2m deep and more than 3m wide.

-At the headwaters the run-off still cascading from the road continued to erode whirlpools reaching 3m deep, causing further lateral slumping widening the ravine to +4m.  Practically no headward erosion had occurred.  The substratum is probably somewhat compacted under the road, but certainly it could be seen to be much drier as infiltration under the road was hampered.

-It appeared also that more water was flowing now in the gully than flowing out at the end.  This indicated that some water was probably disappearing by piping in the decalcified loess what can very often be seen in road-cuts where rills in the Bt disappear by piping in the soft decalcified loess.  Inspection of the brook bottom down-slope revealed indeed active loam fans at the border of the alluvial flat without superficial relation with the gully.

-The total volume of soil eroded by the one-day gully can be estimated to be near 1000 m3. It may be estimated that more than one gully of this type, even if not as spectacular, is generated per year in the about 5000 km2 of thick loess cover in central Belgium.  Only the diligence of the farmers prevented that a millennium of intensive agriculture changed the fields in forested badlands, as shown by the eroded hollow ways.
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�Effects of crop root characteristics on resistance of topsoils to rill and ephemeral gully erosion
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Research at the laboratory for Experimental Geomorphology on sediment production and transport has recently shifted the attention from interrill and rill erosion towards gullies, since gully erosion not only causes significant soil losses but also forms an important source of sediment. In order to predict eroded gully volumes few erosion models exist (e.g. WEPP, EGEM), but none of them adequately assesses eroded gully volumes. Furthermore, these erosion models predict the effects of vegetation on concentrated flow erosion only through the effects of the above ground biomass on the runoff hydraulics. Although field observations clearly indicate the significant positive influence of underground biomass (roots) on the resistance of vegetated surfaces to scouring by concentrated overland flow, this influence can not (yet) be assessed precisely. Correct assessment of the erosion resistance of top soils and soil horizons is, however, crucial in order to improve the predictions of gully erosion rates. 

The overall objective of this study is to assess the effects of root characteristics on the concentrated flow erosion resistance of loamy to sandy loam topsoils in Central Belgium.

Therefore, field measurements have been made during January and February 2000 in the Belgian Loess Belt, near the city of Leuven. Field samples of topsoils of selected rill and gully sites with different vegetative cover (and thus root density) were taken to the laboratory for examination. Pre-soaking in formaldehyde and sodiumhexametaphosphate facilitates separating the roots from the soil by hand washing. In the field, a differential GPS was used to assess drainage areas, and gully site characteristics, i.e. slope and soil surface characteristics, were assessed. Overland flow discharge and critical flow shear stress values at these gullies are calculated by means of a simple hydrological model. This poster will present the first results of this analysis.
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�The role of mass-movements in development of gullies in loess areas of the Lublin Upland (SE Poland)
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Loess covers occupy about 30% of the Lublin Upland area. The following natural conditions occurring in this region are favourable to the development of gully erosion: geological (loess liability to erosion), climatic (frequent torrential and heavy rainfalls), and first of all geomorphologic (steep gradients and high relative relief). In the areas with relative relief up to 50 m gullies occur sporadically. Where the relief exceeds 50 m, gullies form a dense net of 2.5 km/km2. In the areas with the highest relative relief (about 100 m) the net of gullies can locally reach a density of even 10 km/km2. Forests were removed from rather fertile lessiv( soils, which were put under cultivation. It accelerated surface runoff directed by the net of balks and roads, and increased gully erosion, especially bottom erosion and piping. Walls of typical loess gullies were initially formed by earth falls. Then, on the sides stabilised by encroaching forest, not very active creeping processes occur, and during extreme events (intensive thaw and torrential rainfalls) wash happens and small rills can be formed. Cross-section of a gully takes the shape of a triangle, and then a trapezium. Recently, most erosion landforms have undergone natural stabilisation. However, in spite of the fact that some fields near gullies have been abandoned and afforested, some landforms are still developing in extreme weather conditions.

Main gullies are usually several dozen metres wide and from 10 to 20 metres deep, and side forms ( dozen and several metres, respectively. Thickness of loess covers reaches 30 m, but usually it is 10-20 m thick. Therefore, gullies, dissecting the floors and sides of erosive-denudation dry valleys cut in the loess, are incised into the bedrock in their lower and middle parts. This bedrock, underlying the loess, is usually built of the Upper Cretaceous and Palaeocene opokas and gaizes. They are often overlain (especially in the NW part of the Lublin Upland) by glacial sands, and also by tills and clays over which the local aquifer usually occurs. In wet years this hydrological situation forms favourable conditions to development of strong creeping processes on the sides and flat floor of a gully. During very intensive thaw after severe and snowy winters (every dozen years) small landslides can also develop. Landfalls take place in the landslide headwalls, piping can also become active. A single landslide contains usually several dozen, rarely ( several hundred cubic metres of material. It is sufficient to form a transverse barrier on which proluvial material can be accumulated. Gullies, in which landslides occur, have stepped longitudinal profile, and subsequent dissection of steps generate formation of terraces. Thus, landslides impede bottom erosion, and favour widening of gullies. 

Beside natural gullies the road ravines often occur. They are formed as a result of wash and erosion along the ground roads, which cut slopes at a rate of up to 5 cm a year. The sides, shaped by small landfalls, remain vertical for a long time and cross-section of a ravine is often a rectangle. Colluvial material is removed very quickly by rainwater. Road ravines are young; they are usually 100-150 years old. Due to strong erosion they can be abandoned and develop as natural gullies.
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�Modelling gully erosion for a small catchment on the Chinese Loess Plateau
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The rounded hills region of the Chinese Loess Plateau is one of the areas with the highest erosion rates on earth. One of the most striking features of this area is the occurrence of many permanent, large, gullies. In the framework of the EROCHINA project a 3.5 square kilometre catchment was selected to study the processes of erosion and to adapt the Limburg Soil Erosion Model (LISEM) to the conditions prevailing on the Loess Plateau. Part of this work consisted of mapping and measuring the largest gully head cuts. The amount of loose material beneath the head cuts was also estimated. Observations suggest that gully head cuts are relatively stable (they do not migrate rapidly), but that they can nevertheless produce significant amounts of sediment during discharge. Erosion of head cuts occurs both during storms (by flow erosion and collapse) and in between storms (by soil falls). As the EROCHINA project focuses on storm erosion the development of gullies over time can be neglected here, only the amount of material produced by them needs to be studied. 

A DEM (digital elevation model) was used to estimate the position of existing gully heads by applying an adapted form of the Montgomery & Dietrich (1992) index. Using the assumption that head cuts are vertical it is possible to calculate head cut height from the slope angle map. A simple conceptual model was applied that supposes that soil falls on gully head cuts are a function of soil dryness and head cut height. This daily-based model can then be used to calculate the accumulation of loose material below the head cut. The results show that while the DEM is not accurate enough to allow the detection of individual head cuts this method can be used to produce a reasonable estimate of the amount of loose material available. A map showing the amount of loose material accumulated could then serve as input for a storm based erosion model. 
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The Sneeuberg is one of the prominent mountain ranges making up the Great Escarpment of the Eastern Cape. To the west of the escarpment lies the vast, semi-arid Great Karoo. The Klein Seekoei River is an important headwater tributary of the westward flowing Orange River. Erosion of  valley fills along the first order streams which drain into the Klein Seekoei River forms the focus of an investigation into the development of badlands and gullies reported elsewhere in this symposium (Boardman et al).

The Klein Seekoei River displays many of the characteristics of its tributary streams. Gullies in excess of  7 m have been incised into the valley fill. This fill comprises an inorganic basal sequence up to 3 m thick displaying  a poorly defined stratigraphy. It is overlain unconformably by  a younger sequence  with a well defined stratigraphy, including palaeosols. These friable, organic palaeosols are notoriously susceptible to gully erosion. Older sequences of calcretised gravel occur in at least one of the main tributary streams, and these too have been severely eroded.

Europeans began moving into the area during the late eighteenth century. During the nineteenth century the number of farms in the Seekoei River Valley increased rapidly. The name Seekoei implies the presence of hippopotami in the river. Some twenty five documented travellers’ accounts of the area prior to 1892 exist. There are numerous references to the river, to pools (zeekoeigaten or hippopotamus wallows), but no specific mention is made of gullies or any channel form which might be interpreted as alluding to valley floor erosion. An important wagon route to the interior was established after the Kimberley diamond fields opened up in the 1870s. Trek oxen and other stock were outspanned to graze on the comparatively lush riverine vegetation, and to drink from the river. Trampling, overgrazing and soil compaction  may have led to decreased infiltration, increased run off and erosion. However, no specific dates have been recorded for the onset of erosion.    

What is apparent is that the chains of pools (zeekoeigaten) no longer exist. During the last century and a half at most, degradation and gully erosion has altered the hydrology of the main channel. Subsequent to the availability of air photo coverage from 1945 onwards, it has proved easier to document and map land degradation and gully development in the Sneeuberg. An historical appreciation of  the initial changes outlined above sets the scene for, and may contribute to, a better understanding of current processes as outlined by Boardman et al elsewhere in this symposium.       



Key words: valley fills, settlement, gully, hippopotamus, hydrology



Corresponding author:	Peter Holmes

			Department of Environmental and Geographical Science

 			University of Cape Town

			Rondebosch 7701

			South Africa

			Tel: +27 21 6502881		Fax: +27 21 6503791

			E-mail: holmes@enviro.uct.ac.za

�Development and sediment contribution of channel bank gullies in ephemeral channels, SE Spain
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Various types and degrees of development of bankside gullies are identified in ephemeral river channels of SE Spain.  These deliver sediment directly to the main channel though at times the material eroded from the gully may be stored as a small fan in the main channel.  Several of these gully and fan systems have been monitored over the past four years in sections of channel in the Guadalentin basin.  Within this period most of the gullies have only shown significant activity in one event, in September 1997.  In one single reach of river three adjacent gullies of different size and stages of development exhibited different responses to the event.  The largest one, a continuous gully with channel fan, merely extended headwards a short distance, and the fan was obliterated by flow in the main channel.  A second smaller gully developed from a series of discontinuous pipes.  The third was formed from collapse of some relatively large pipe holes and produced a large, vertical-wall feature.  The topographic setting and drainage area of the gullies is discussed.  The amount of sediment eroded from each is estimated from resurveys and its contribution to the total flux in the channel in the event is calculated.  Evidence from fans at other sites confirms that these form when local runoff is generated but rainfall is insufficient to generate flows in the main channel, as would be expected.  This would appear to have occurred two to three times in the last four years at several sites.  These observations help to provide information on the timing, frequency and magnitude of sediment delivery from various types of small gully which are tributary to main channels and to understand their mechanisms of development.  The implications of change in runoff regime due to global change are discussed.
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�Seepage and gully erosion: basic research and control practices.
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Most gullies have the common feature of having water flowing in them and staying wet during the wet season.   In addition, rills and ephemeral gullies were found in cropped fields with an impervious subsoil layer despite the implementation of conservation tillage that had left an ample amount of crop residues and supposedly to prevent erosion.  These field observations led to the hypothesis that hillslope seepage or exfiltration condition may have contributed to the formation of rills and gullies in areas with tight subsoil layers.  This hypothesis was tested in the laboratory under a multiple-box system that can simulate hydrologic conditions at a segment of the hillslope.  The multiple-box system consists of separate but independent soil boxes in a sloping cascade such that runoff and sediment from a upslope box can be discharged into a downslope one.  Each soil box has its own rainfall simulators, slope adjustment and water supply system to create the artesian seepage condition.   Experimental results showed severe rilling under seepage conditions and the erosion was significantly reduced under drainage conditions, indicating a strong near-surface hydraulic gradient effect on erosion.   These results also imply that profile drainage can be considered as effective erosion control measure at seepage prone areas.  Field practices to control seepage-induced gully erosion, implemented at the US Midwest, include: a) installation of tile drains along grass waterways to alleviate wetness along drainage channels; b) placing crushed stones over tile drains to intercept trickle flow runoff; c) using winter cover crops to both 'pull' moisture from the soil and provide both above- and below-ground biomass protection during the spring season when excessive soil moisture is most likely to occur; and d) installation of water and sediment control basins to regulate the runoff discharge through the standpipes and tile drains.   This presentation also demonstrates the cooperative effort between research (i.e., ARS) and field implementation (NRCS) agencies in developing an erosion research program and enhancing the scientific basis of erosion control practices.  
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�Faulting and soil property controls on gullying in the Main Ethiopian Rift
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The landscape of the Lake Region, in the Main Ethiopian Rift (MER), is extensively gullied; it’s evolution in the last 1000 years followed cycles influenced by tectonics and climatic changes, and was strongly controlled by specific properties of the most common soil in the region.

Late Pleistocene tectonic activity at the western MER margin created a rift-in-rift depression, where the Bobodo river floodplain evolved. Tectonic control on gullying appears at different scales. At watershed scale, differential subsidence caused drainage axes to be disconnected from the network; the resulting local sedimentation built up sloping fans, highly susceptible to gullying as soon as exceeded as geomorphic thresholds.

At slope scale, dislocations along fault swarms shaped stepped slopes, whose increased relief energy caused drainage entrenchment normal to fault axes. In gully profiles, faults represent fixed knickpoints, whose inability to migrate upslope slows down gully evolution, but combines with soil properties to actually increase upslope erosion rates.

An early Holocene pedogenesis phase left a characteristic soil to cover most surfaces. This soil results from weathering of the Rift Floor Ignimbrite into a smectitic soil over a deep saprolite. To this, a tephra layer was superimposed in mid-Holocene. The resulting soil profile shows several thresholds for water infiltration.

The most important threshold lies between a vertic horizon and the underlying ones, less dynamic and relatively sodic. In dry condition, rainwater infiltrates through the tephra and the cracks of the vertic horizon, but is then arrested. The underlying soil rapidly wets, swells and becomes sealed. Water then flows laterally through the crack system, generating tunnel networks that grow in time and collapse under heavy rains, with apparently instantaneous gully formation.

Upslope of hard rock knickpoints, channels, unable to deepen, rapidly braid and increase their density. The results are extended badlands, with residual soil witnesses.

Relations between changes in hydrological and channel regimes are observed in the stratigraphy of alluvial deposits; their nature stresses the role of climatic transitions modulating, through complex responses, landscape reactions to tectonic dislocation.

The observations suggest that gullying by subsurface flow is determined by combined increased energy of slope waters and physical thresholds within noncoherent materials, or between such materials and rock. 
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�Long-term evolution of discontinuous gullies in the Moldavian Plateau
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The principal objective of this study was to define the process - based gully evolution by providing quantitative information from long-term field measurements in small catchments. Most of the discontinuous gullies overlying the almost tabular sedimentary strata of the Moldavian Plateau, Eastern Romania exhibit both proper gullying, mainly if not exclusively by gully head advance, and aggradation of the gully basin floor. 

A particular method of "close stakes grid" was applied to record through repeated survey the development of the active erosional area. By periodical levelling over previous iron check-plates deployed on the gully basin floor it was possible to monitor sediment deposition. The Caesium - 137 technique has been used to get reliable information on dating specific levels of sediments and documenting erosion/sedimentation rates.

By relating the present cross section (Sp) to filled cross section (Sf) a shape factor was obtained. This parameter (Sp/Sf) expresses the hydraulic efficiency of the discontinuous gullies. Strong relationships were found by plotting the shape factor to the gully length. 

Results have indicated that during a variable period (6-18 years) the mean gully head advance was 0.92 m/yr. and ranged from 0.42 to 1.83 m/yr. The mean areal gully growth was 17.0 sq. m /yr. varying between 3.2-34.3 sq. m /yr. Both values are indicating a slow erosion rate. Moreover, the average annual running of gullying is a pulsatory one described by great fluctuations. 

Conventional measurements on sedimentation over the period 1987-1997 indicate a higher rate of aggradation in the upper half of the gully floor. This finding supports the development of a short steeper reach within the gully floor as a critical location for gully renewing.

Information on the 137 -Caesium depth profile allowed to establish the mean sedimentation rate of 4.4 cm/yr. between 1963-1996 and 2.5 cm/yr. after 1986 for the short successive discontinuous gullies. In the case of long gullies these values run to an almost double order. Furthermore, it was possible to estimate the age of the gullies (23-48 years usually) and to find out that the discontinuous gullies are delivering most of the sediment needed for their own aggradation. Combination of both classical and 137Cs data provided estimates on the total mass of sediment eroded/deposited within the gully system up to 124 t/yr.

The major result of this pulsatory evolution reflects a dynamic balance between two simultaneous processes, erosion and sedimentation, inside a single system.
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Continuous gullies have been recognised as an important environmental threat in the Moldavian Plateau of Eastern Romania. There is an increasing need to get reliable information on their development, which is able to provide estimates of long-term erosion rates.

Three main areas of monitoring continuous gullies were explored: aerial photography of the 1960 and the 1970 flights, classical levelling work and repeated survey through a particular "close stakes grid" after 1980, especially. 

In order to get a clear image, firstly a number of 13 continuous gullies were sampled. Most of them are associated to catchments smaller than 560 ha.

Linear gully head advance, areal gully growth and the eroded rates material were quantified for three distinguished periods (1961-1970, 1970-1980 and 1981-1990).  

Results obtained have indicated that all parameters had a decreasing tendency after 1960. The mean gully head advance ranged from 19.8 m/yr. during '60s and 12.6 m/yr. in '70s to 5.0 m/yr. over '80s. This gullying decline is resulting from the rainfall distribution, mainly and the increased influence of soil erosion control. The mean gully head advance of 12.5 m/yr. between 1961-1990 was accompanied by a mean areal gully growth of 366.8 sq. m/ yr. and a mean erosion rate of 4,168 t/yr.

Secondly, the average annual running of gullying, documented through periodical survey upon six continuous gullies over the period 1981-1996, revealed a pulsatory development. It exhibited great fluctuations that ranged from stagnation to average annual peak values of 19.1 m gully advance and 304.0 sq. m areal gully growth during 1988. In that year Valcioaia gully head, for example, advanced by 43.1 m and increased by 698.3 sq.m.

Another main finding of this 18-yr. measurement period indicate that the contribution of cold season averaged 57 % of the total gullying and, therefore, the influence of warm season is a subsequent one. The critical period for gullying covers four months (March 15-20 to July 15-20) on an area with mean annual precipitation around 500 mm.

Long-term field measurements of runoff and gully erosion rates in small watersheds under short-term streamflows allowed to identify two types of sediment delivery scenarios: synchronous and asynchronous. 
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�Land use and Pedologic thresholds in gully development
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Gully initiation and intensification are investigated in a part of Peddie District, Eastern Cape, South Africa. Sequential aerial photographs between 1938 and 1988 are analysed. Widespread gullying appears predominantly from the early 1970s. A close spatial correlation between abandoned cultivated land and intricate gullies is identified. Gully development is noted to commence earlier in pockets of colluvium accumulation which were formerly cultivated. Conversely, one of the gully systems on the abandoned lands is noted to develop in “in situ” deeply weathered soils. A distinct difference in morphology is evident between the gully systems that developed in either material. 

Whereas the cross-section morphology of the gullies incised in deeply weathered soils are characterised by near-vertical sidewalls, those incised in colluvium take the form of degraded gully remnants with considerable sidewall erosion. It is discernible from the sequential aerial photographs that the main headcuts of the former gully system are wearing back more rapidly than those of the latter. The implication of these differences in pedologic thresholds for sediment yields and stream flow are manifest in the valley-fill that typifies the stream channel sections adjacent to the gully systems, particularly those incised in colluvium. This has led to a shift towards a more semi-arid type system, characterised by absorption of flood run-off and its re-emergence as baseflow, forming small active channels downstream.
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Distributions of channel heads have been mapped for ephemeral gullies immediately after storms, and for permanent stream heads.  There is a weak inverse relationship between channel head gradient and catchment area, which flattens towards an upper threshold gradient of about 25%.  These relationships are compared with those theoretically obtained for a range of plausible sediment transport laws, which are analysed for both overall slope form and the location of stream-head instabilities.  

The theory provides different forms for ephemeral gully heads produced in a single storm and for the long-term average stream head location.  There is a fairly good relationship between theoretical and observed distributions which is associated with the form of the sediment transport law, which includes an upper threshold above which the surface soil fails when saturated in a storm, often at the base of the plough layer for ephemeral gullies.  For a single event, these relationships all depend on storm magnitude which is not well defined within the data sets, producing the spread in the observed relationships and the weak overall correlations.  The empirically acceptable functional forms have also been used within a landscape evolution model to generate landscapes which are compatible with those observed in the field, and provide confirmation of the long-term viability of the expressions obtained to forecast the direction, style and rates of longer term changes in response to land use or climate drivers.
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In the northern part of the river Danube the so called "Wagram" area in Lower Austria, loessian soils are seriously endangered by heavy rainfalls. Annual rainfall is only between 400 and 600 mm, but from May to August heavy thunderstorms occur frequently. Soil erosion starts with small ephemeral gullies in flat zones with a slope between 0,5 – 1,0 % and at least in vineyards, subsequent gully development can be observed.

At the beginning of the 20th century, vineyards were damaged by phyttoxera (vine-louse), peronospera and oidium. The farmers changed their classic plantation system ("Stockkultur") to the so called "Hochkultur" with wider rows (up to 3,5 m) and more space between the plants (up to 1,1 m). This more breezy system results in drier healthier conditions for the plants; it allows the use of technical equipment like tractors for cultivation practices. Due to the loss of organic material, a reduced aggregate stability and lower infiltration capacity, surface runoff increased. Small water ponds at field scale were also reduced. Due to the reduced surface cover by plants from 60 % down to 20 %, soil detachment by raindrops was enhanced. The water flow was often highly concentrated at unpaved roads. As a consequence deep gullies formed. 

Damages on roads, bridges as heavy off site effects alarmed the Austrian Torrent Control Agency. Control and check dams were built, as well as retention basins. In the seventies soil conservation programs started to reduce sheet erosion in vineyards by application of grass mulch; in shallow loessian soils drip irrigation systems were necessary.

The presented poster will show the different stages of soil erosion and soil protection measures in the loess area.
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Besides the direct damage to agricultural lands, gullies drain the neighbouring watersheds. The overall hydrological regime of the territory is adversely affected thus impairing both the balance of ground waters (frequently being the only source of water supply) and the content of soil moisture. Besides, nutritious substances are intensively washed away from the lands neighbouring a gully together with drained moisture. 

Based on observations of four gullies developed on various soil-forming minerals and being at different development stages, we have studied the gully influence on the seasonal dynamics of moisture. Topographic profiles were carried down perpendicular to the main direction of gully. Wells were sunk down to a depth of 1.5 m at the thalweg, wall and edge; at a distance of 5-10 – 10-20 m from it and over the watershed area. Observations have been performed in spring, summer and autumn for three years.

It has been found that the moisture content (average over three periods) reduced drastically as the gully was approached. Thus, near the gully edge the moisture content came to only 5 – 8 %, at a distance of 10 – 20 m from the edge the moisture content increased to 15 – 16 % and at the watershed it amounted to 20 – 30 %. The changes associated with depth were alike, if only in a less pronounced form. 

Reserves of soil moisture have been also calculated. The data obtained point to the fact that the available moisture reserves increase with the distance from the gully edge to the watershed. To illustrate, in summer period the moisture content near the gully edge down to 0.5 m was as low as 20 m3/ha, at a distance of 10 m from the edge – 244 m3/ha, at a distance of 20 m – 362 m3/ha, and at the watershed plain – 498 m3/ha. 

Drainage activity of gully covers a zone approximately 30 m in length. At different stages of gully development this zone may be increased or decreased depending on the depth, width and sodding of slopes. 

As the distance from the gully edge to the watershed is increased, the content of mobile forms of nitrogen, phosphorus and potassium increases along the whole profile too. For example, near the edge the content of potassium and phosphorus was insignificant (K2O – 1.4-2.0 mg per 100 g of soil, P2O5 – 2.6-4.2 mg). At a distance of 5 – 10 m this content was increasing (K2O – 2.4-4.0 mg; P2O5 – 5-7 mg), and in the watershed area 100 g of soil contained 14.8 mg of potassium and 9-12.5 mg of phosphorus. The content of mobile forms of nitrogen (ammonium and nitrate) was also increased with the distance from the gully edge.

Analysis of crop productivity has demonstrated that at the lands neighbouring gullies, as compared to the watershed plain, arrears of winter rye amounted to 37.8 %, winter wheat – 36.7 %, oats – 59.6 %, barley – 37.5 % and flax – 52.2 %.
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�Gully Erosion: An Urgent Problem Needing Consideration in China
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The Yellow River and Yangtze River is the Mother River of the Chinese Nation. Increasingly catastrophic floods over the last 50 years have raised great concern over survival environment of hundreds of millions of people living on the reaches of the both rivers. Accelerated soil erosion due to irrational reclaiming natural vegetation and cultivation on very steep hillslopes (often up to 35 degrees) is the key cause for these disasters. Despite extensive use of soil conservation practices for control of soil erosion over the last 50 years, the designs of these practices are mainly based on the information on sheet, rill and inter-rill erosion using small runoff plots. The role of gully erosion in total sediment output and land degradation has been mostly neglected. Our objectives are to identify spatial patterns of sediment delivery and sediment sources and determine the contribution of gully erosion under different land use systems to total sediment yields at the hillslope and catchment scale. The study site was set up in Yangjuangou dam reservoir catchment (2.02 km2), located near Yan’an city, northern loess plateau in China. We propose that the combing of sediment reservoir traps with spatial distributions of fallout 137Cs, and 210Pb in catchment surface soils and core soil samples provide the evidence for interpreting sediment sources. The relative contribution of gully erosion to total sediment was calculated through a simple 137Cs-based mix model. Changes in landscape structure associated with land use largely control the patterns of spatial delivery of sediment and sediment sources over the last 44 years. Evidence from the reservoir deposit and hillslope soil export indicated that soil loss on cultivated hilly and gully slopes are important sources of sediment in the study area. The sediment yields during 1990 and 1998 are in the range of 40 to 126 t ha-1 yr-1, averaging 62 t ha-1 yr-1. The sediment yield is positively related to the intensive rainfall of >15mm in 30min. The upper portion on the backslope is the most severe erosion zone on the cultivated hillslope with a net soil export of more than 100 t ha-1 yr-1. Gully erosion contributes 40-70 per cent of total sediment in the study area. Thus, there is a particular need to monitor gully erosion for combating land degradation and improving environment in China. 
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�Gully erosion and debris flow caused by extremely heavy rainfall - 

A Case Study of Typhoon Herb, central Taiwan 1996.
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Taiwan is an active tectonic area with abundant annual rainfall. These circumstances produce a great variety of landscapes and habitats. However, landslides and debris flows in the mountain areas. Typhoon Herb in 1996 was a typical example in Taiwan. Over a 24 hour period on August 1st the Alishan weather station recorded a rainfall accumulation of 1748.5 mm during the typhoon. The intense rainfall caused plenty of gully erosion, debris flows and floods which were responsible for more than 26 deaths in Nantou county. This was the most severe damage caused in three decades. Economic losses totaled over one billion US dollars across the whole island. Hsinyi and Shuili townships were cited as the worst disaster areas in Nantou county. 

The research area is in Chainyoulanchi River, central Taiwan. This paper will review the power and influence of Typhoon Herb over the island of Taiwan. Morphological study demonstrates that there are several types of erosion in the Central Taiwan. Aerial photo interpretation study also explains different types of debris flow occurred in different types of sub-drainages. 
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The design of conservation practices for control of soil erosion and sedimentation is based on rill and inter-rill erosion in the field using runoff plots. However, gully erosion is often the major contributor to land desertification and sediment yield. Moreover, such information is important for soil erosion prediction and our design of conservation management systems in ecologically sensitive regions, particularly in the upper Yangtze River Basin where the world’s largest dam, the Three-Gorge Project is being constructed. Our purpose is to evaluate the spatial distribution of gully erosion across a landscape under different land use systems and examine its relation to land use and climate change. The monitoring site was set up in Yuanmou County in Jinshajiang dry-hot valley of the upper Yangtze River Basin, southwestern China in the early of 1998. The seasonal variation of gully erosion in 1998 across Yuanmou mountain landscapes was measured through a detailed field investigation using GPS. Temporal variations in gully development due to land use and climate change were measured using TM satellite data of 1996 and 1998. Gully erosion rates are significantly related to land use patterns. In one rainy season, gully heads only advanced 10 cm in forestland compared with 50-100 cm (maximum 200 cm) in cultivated land and wasteland. TM data provided clear evidence of a rapid land destruction process by gully erosion in the study area over the last 3 years (see photos). Further monitoring work is being conducted.
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The aim of this study is to demonstrate the effects of agricultural land use in the modification of runoff routing inside the catchment. The modified hydrographical structure of a cultivated catchment must be taken into account to improve the estimation of runoff and erosion phenomena, and so aid conservation planning. Physically distributed erosion models have often overlooked the agricultural aspects related to runoff.

Usually, the runoff routing is modelled following the steepest slope. Often, a second network is given by permanent channels (ditches, gullies), associated with concentrated runoff. However, in the cultivated catchments a third runoff network is created by a system of wheel tracks and dead furrows. These agricultural linear features are created during specific field operations such as spraying fertilisers or phyto-sanitary products in case of wheel tracks, and ploughing in case of dead furrows. It is not necessary to determine in the field the location of each linear feature, because there are always created according to simple rules related to the field layout and the width of agricultural implement. Also, since the agricultural collectors have a small cross section and they do not form a continuous network but a system of isolated parallel channels, they often overflow and the water continues to follow the topography. Rather than trying to compose a single network that incorporates all three separate networks, a more flexible approach is followed:

automatic construction of the wheel track network and adaptation of the catchment boundaries using GIS techniques;

introduction of three independent networks in LISEM, with independent routing of water and sediment using a kinematic wave routine;

managing overflow of the wheel tracks: the water that flows over the surface can enter a wheel track, follow it until it overflows when the storage capacity is exceeded, and continue as overland flow.

These modifications are illustrated with simulations and observations obtained on two small cultivated catchments (38 and 137 ha) located in the northern part of the Paris Basin (France).
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�Gully erosion modelling in semiarid catchments of Southern Africa 
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Within an interdisciplinary EU-funded Project aimed at developing an Integrated Water Resources Management System (IWRMS) for water resources analyses and prognostic scenario planning in semiarid catchments of Southern Africa, a study regarding the delineation of soil erosion processes in the Mkomazi-river catchment (Kwazulu/Natal- South Africa) and the Mbuluzi-river catchment (Swaziland) has been carried out. One of the objectives of IWRMS is to enable managers and decision makers to improve regional strategic planning of catchment water resources by optimising water use, thus satisfying the demands of competing stakeholders while protecting water and land resources. In this more general framework a specific study on sediment source area identification has been carried out. For this purpose the concept of Erosion Response Units (ERUs) has been developed and applied. The ERU’s are defined as:„ three- dimensional distributed terrain entities which are heterogeneously structured and having a common climate, land use and underlying pedo-topo-geological structure, which are controlling their erosion dynamics“. ERUs have the advantage that they can be used for spatial scale transfer in regional erosion modelling because of preserving their properties. To describe the sediment budget in a river basin, besides the soil loss by sheet erosion, also the soil loss due to gully erosion has to be known. In this study the ERUs are used to identify areas affected by gully erosion and further as modelling entities for gully erosion simulations. To get information about channel evolution rates and sediment delivery rates from gully systems, physically based gully erosion models (SIDORCHUK 1996a,b; 1998) have been applied. The input data were obtained by remote sensing techniques (API method) and GIS-analyses. Model validation and verification have been done by using detailed information of time series analyses of the gully systems and a ground truthing campaign conducted in November 1998. The two examples from southern Africa show that the applied methods are able to individuate areas affected by gully erosion. Furthermore it is possible to estimate the amount of soil loss due to gully erosion, which is not considered within USLE-like models.
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�A spatial information technology approach for the mapping and quantification of gully erosion.
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In front of the effort that has been addressed during the last decades to investigate sheet (interrill) and rill soil erosion processes, relatively few studies have been focussed on quantifying and/or predicting gully erosion. The extension of the use of modern spatial information technologies, such as geographical information systems (GIS), digital elevation modelling (DEM) and remote sensing, have opened new possibilities of research in this field, since gully erosion is a clearly spatial related phenomenon. One of the key issues to be addressed, as a basis for predicting the effects of global changes such as landuse and climate changes, is the mapping and quantification of gully erosion rates: a) rate of retreat of gully walls and b) rate of soil/material losses. This research work presents a method to compute the rate of retreat of gully walls and the rate of soil losses caused by gully erosion. The proposed method uses multitemporal aerial photographs and  multitemporal digital elevation models, that are processed by means of GIS techniques. It has been applied to compute gully erosion rates in a sample catchment of 25 km2  located in Catalonia, Spain. Aerial photographs, 1:30000 scale, of 1957 and 1986, and orthophotos of 1993 were used to map the gully erosion situations of the dates that were compared. The estimation of the rate of soil/material losses was computed from the overlay of multitemporal digital elevation models. The retreat rate of gully walls computed for the considered period (1957 – 1993) was 0.2 m year-1, with a surface rate of  861.2 m2 km-2 year-1. The rate of soil/material losses was  917.9 Ton ha-1 year-1 in the gullied areas. The proposed method supposes a step forward to estimate gully erosion rates and to locate active gully erosion areas. In comparison with other methods to compute soil/material losses caused by gully erosion processes, the proposed integrates the losses due to overland flow, mass movements and gully deepening.



Key words: gully erosion, erosion rates, GIS, DEM, aerial photographs.



Corresponding author:	José A. Martínez-Casasnovas

			Department of Environment & Soil Science, University of Lleida

			Rovira Roure 177

			E25198 Lleida, Spain

			Tel: +34 973 702615		Fax: +34 973 702613

			E-mail: j.martinez@macs.udl.es

�Spatial information technologies for the analysis of gully erosion processes.
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After the advent of the modern spatial information technologies: geographical information systems (GIS), digital terrain modelling (DEM) and remote sensing; new tools are available for the mapping, quantification and analysis of gully erosion processes. The present poster presents a review of existing methodologies for gully erosion mapping and modelling and examples of some applications of the new technologies in these fields. The examples cover a range of applications: mapping of existing gully erosion at regional scale from aerial photographs and Landsat TM images, probability of gully development at plot level, mapping and quantification of gully erosion rates, and prediction of development of large gullies at regional scale. The study area is located in the Alt Penedès – Anoia region (NE Spain) and covers an area of 30.000 ha. This region suffers serious problems of erosion that have been reported by different authors. It is mainly dedicated to the cropping of vineyards for wine and sparkling wine (‘cava’) production. 
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�Erosion quantification and rainfall-runoff-erosion modelling in small marly mountainous catchments, experimental catchments of Draix (Alpes de Haute Provence, France). 
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In the Southern French Alps, the Black Marls formation, called "Terres Noires" in French, covers large areas. This formation is very susceptible to weathering and erosion resulting in "badlands" topography and high solid transport, bringing downstream problems of heavily loaded floods and silting up of reservoirs. Since 1984, four small watersheds, with areas ranging from 1000 m² to 1 km², are monitored, with rainfall, runoff and erosion measurements 

The annual sediment yield in the 3 denudated basins is very high, over 100 t/ha.year. On the Laval catchment (86 ha), the fine sediment concentration of the flow is frequently higher than 300 g/l, the sediment production of a flood can reach 750 m3 for fine sediment and 700 m3 for coarse sediment. The observations show a scale effect in the sediment yield for two reasons : the marl platelets are disintegrated during the transport in the reaches and deposition and re-transport processes have an increasing effect with the channel network development. These processes were modelled for the Laval basin through an hydrosedimentogic model developed by Cemagref, called ETC.

The ETC model is a conceptual specialised model, working at the event scale with a rainfall-runoff component, followed by an erosion and transport component, taking into account the deposition, scouring and armoring processes. The ETC model was used on Laval data sets and has shown its ability to simulate both water and sediment flows. For the rainfall-runoff modelling, the parameters can remain constant for all the events, except one parameter linked to the initial moisture conditions of the basin and predicted with the dry weather duration before the storm event. For rainfall-erosion modelling on the slopes, a statistical model based on Roubine (1330 m²) data was used. The sediment transport modelling showed the need of information on initial channel deposits. In the objective of predicting erosion or simulating the effect of environmental changes, it should be necessary to link the parameters values to the physical features of the basins. But the lack of similar data sets from many different basins leads to the limitation of this approach. The use of physically-based models may improve the modelling but needs both a better knowledge on the elementary processes and a good analysis of the spatial repartition of the most significant characteristics.
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�Technical Documentation of EGEM (Ephemeral Gully Erosion Model)
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Erosion of farm fields due to concentrated flow is severe in many parts of the United States.  Soil erosion prediction methods currently in use include the Universal Soil Loss Equation (USLE) and Revised USLE.  These methods account for sheet and rill erosion and not for erosion from concentrated flow.  The term “ephemeral gully” has been applied to a concentrated flow channel larger than a rill which is routinely obliterated due to tillage operations.  An estimation technique for ephemeral gully erosion is needed both to quantify the problem and analyze alternatives for solution of the problem. 

A method for computing ephemeral gully erosion was developed under the direction of Dr. John Laflen, USDA, Agricultural Research Service (ARS).  The computer program developed was named Ephemeral Gully Erosion Estimator (EGEE).  It estimated the quantity of soil eroded from a single ephemeral gully (EG). In developing the EGEM computer program for the Natural Resources Conservation Service (NRCS), erosion computation routines from EGEE were added to the existing Engineering Field Manual Chapter 2 (Estimating Runoff, EFM 2) computer program.  The resulting model was named EGEM.  The EGEM program has a user-friendly screen design with on-line help and peripheral functions such as load/save data sets and print, besides having standard NRCS procedures for estimating volume of runoff and peak discharge for small agricultural watersheds.  A user manual was written for EGEM (Version 2.0,  1992) and covers primarily input data descriptions and where to obtain data.  It contains a general description of the computational processes, use for branched and unbranched gullies, and use of the computer program.  It did not include detailed information on the computational processes because of technical reference to publications by Laflen, and others.  It also did not contain any example calculations.

Since revisions were made in some of the EGEE computation routines during the development of EGEM, there became a need to fully document the computational routines with variable definitions, order of equations, units, assumptions, limitations, and decision points.  The paper describes the computational sequence for a single EG as computed in EGEM.  Calculation of average annual EG erosion is described.  Two examples of calculation of erosion from an EG are shown.

The ephemeral gully erosion process is very complex.  The complex time and space dimensions are modeled in a very simplified manner.  The initial width and maximum width of the EG are first estimated.  Based on the volume of runoff, peak discharge, and soil properties, the EG first deepens until it reaches the less-erodible soil layer (typically tillage depth or topsoil depth) then widens until it reaches the estimated maximum width.

Various other options allow for more flexibility in estimating average annual EG erosion.  The year may be divided into up to three seasons representing such conditions as fallow, cover crop, and row crop.  Computation of average annual EG erosion is based on four concepts.  The first concept is that the largest storm of the year causes the EG to reach its maximum dimensions.  Second, the EG is filled with soil once per year through a tillage operation.  Third, a single EG is assumed in a watershed with a length equal to the length input by the user (no dendritic pattern).  The fourth concept is that the average annual EG erosion may be computed from an erosion versus percent chance relationship. 

With renewed interest in modeling ephemeral gully erosion in agricultural areas, the EGEM model could be the basis for an improved model with stronger physically-based algorithms, wider geographical applicability, and watershed application using GIS.
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�The role of deforestation and gully development in desertification in sub-Saharan tropical and subtropical Africa.
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Sub-Saharan tropical and subtropical Africa becomes increasingly affected by valley- and hillslope gullying. Field observations in Burkina Faso and Mali, Nigeria, Cameroon, Congo-Kinshasa, Rwanda, Burundi, Kenya and Ethiopia show that the process did start sometimes more than 1000 years ago (Rwanda), in other cases only a few centuries ago (Nigerian Gongola basin), but in most places the process is intensifying today at an alarming rate. Valley bottom gullies often drain the top of the water table and contribute to soil desiccation and hence aridification. Most of the gullied localities visited, show stratigraphical-pedological evidence, often confirmed by oral tradition, that gullying and degradation of the natural vegetation are going hand in hand. Man is known to play a predominant role in the elimination of the natural vegetation. Today it is quite well established that deforestation means the replacement of low or non runoff producing natural environments by human landscape systems with reduced infiltration capacities and hence increased overland flow, higher hydrograph peaks and gullying. Man-made runoff concentrating displays aggravate the situation.  

Large scale deforestation should result in climatic anomalies in Western Africa. A reduction in regional evapotranspiration in the south should lead to reduced precipitation rates in regions further to the north. Gullying and the lowering of infiltration rates, following the deforestation process, are two other factors reducing evapotranspiration. They increase the direct effect of cutting trees. 

Gullying and growing seasonality in river flow, characterized by increasing stream floods, are considered to be diagnostic features for growing soil desiccation. Regions with increased gullying are generally also affected by dustbowls, as a result of soil desiccation and by an increasing frequency of mass movements, as a result of more desiccation cracks in the soil. 
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�The origin of hillslope gully forms in Rwanda.



Moeyersons, J. 1 



1 Agriculture and Forestry Economics Division, Royal Museum for Central Africa, Leuvensesteenweg 13, B-3080 Tervuren, Belgium





The hills in Southern Rwanda show convex slopes, with a nearly flat and wide summit, showing progressively increasing slope steepness in the direction of the valley sides. The steepest slope sections , very often close to 35°, occur as a general rule just above a short basal concavity, ending in the flat bottom of the valley. Slope lines on these convex hills are most times divagating or nearly parallel. Convergent slope lines occur in topographical hollows like in source amphitheatres. 

In places where slope lines diverge, the area, draining to an arbitrary point, is theoretically zero. Following the general idea of gully development prediction in a Slope-Drained Area plot as applied for instance by Poesen et al. (1995), one can consider gully development as theoretically impossible in such condition. But in the field, big gullies, clearly of hydraulic origin, can be found on slope sections with divergent slope lines. In all cases observed, they are artefacts of land use by man. In nine out of ten cases, the water concentrating dispositive is a road or the ditches along the road. Anti-erosion trenches in the fields can occasionally give rise to gullying at their non protected exit. Field observations show that gullying starts on a 30° to 35° slope when about 1 ha of agricultural fields is drained towards one point.  

A big number of source amphitheatres is bigger than this critical area and this explains the regular occurrence of a hillslope gully there. It should be mentioned that amphitheatre gully forms are not always hydraulic erosion phenomenon. Some incisions are manifestly slide scars, slightly remoulded by running water at and shortly after the occurrence of the mass movement. They result from interflow concentration. The initiation of amphitheatre gullies is the direct or indirect result from deforestation and subsequent land use by man
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�A Method for Mapping and Estimating Rill and Gully Erosion
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The accurate description of recent soil erosion events, their forms, spatial bearings and the soil volumes they have transported is an important prerequisite for adequate soil protection and rehabilitation measures. Linear water erosion forms are especially interesting in this regard, because their frequently wide-ranging paths and sometimes very high sediment transport capacity make them particularly significant for the pollution not only of surface waters, but also of other landscape features worthy of protection. A group of German and Swiss scientists, making up an expert committee on soil erosion within the German Association for Water Resources and Land Improvement (DVWK), Bonn, has therefore drawn up a mapping system for the representation of rill and gully erosion and an estimation of their on-site and off-site effects. Here a report will be given about this mapping instruction.

The methods, content and focus of the mapping, along with the appropriate mapping scale (between about 1:2,000 and 1:50,000), are open to choice depending on the case in hand, the result being different mapping intensities (intensity steps). On a large scale, erosion systems can be investigated and represented in every detail, including all essential erosion factors. Smaller scale investigation, on the other hand, is preferable for example when the aim is simply to gain an impression of the locations and number of possible entry points for erosion material into surface waters in a large catchment.

The legends are composed of mapping symbols and their associated abbreviations, the latter being mainly intended for the integration of mapping results from databanks. The mapping symbols generally refer to erosion and accumulation shapes (including their dimensions), entry points of erosion material into neighbouring areas (e.g. bodies of water or protected biotopes), overland flow, relief, land utilisation, soil condition, etc. They are chosen in such a way that they can also be processed in geographical information systems. The mapping includes a data documentation system which, depending on the requirements, can be assembled from different module combinations. This is intended for those pieces of information that generally cannot be reproduced on maps.
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�Analyzing the effects of climate variability and change on erosion in the American Southwest using a newly developed ephemeral channel erosion model
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Channel networks in semiarid regions often exhibit a delicate balance between aggradation and degradation.  In these environments climatic variability and trends often have profound effects on the direction and magnitude of channel changes.  Results of sediment and tree ring dating and historical records in the American Southwest show periods of aggradation in the stream systems followed by periods of rapid entrenchment (arroyo development).  It has been postulated that this cyclic behaviour is connected with variability in precipitation characteristics and intrinsic watershed properties at different time scales.  In a study of the Rio Puerco in New Mexico, recent trends in basin-wide precipitation were linked to large-scale climatic anomalies in sea surface temperature in the Northern Pacific.  This illustrates the fact that climate variability and change on a global scale can play an important role in hillslope and channel erosion on a watershed scale.  However, the quantification and prediction of geomorphic adjustment remains an open problem.  In this paper, we use the Rio Puerco case study to illustrate trends in precipitation and streamflow characteristics determined from instrumental records at different temporal scales, and to outline an approach to long-term and large-scale ephemeral channel erosion modelling under climate change.  A new hydraulic-sediment transport model GRAD is used to determine sediment transport and channel aggradation/degradation in the Rio Puerco main stream on decadal time scales.  The model is driven by spatially distributed rainfall over the watershed generated using a stochastic (random cascade) model and integrated by subbasins.  In this way, a probabilistic analysis of channel erosion in the Rio Puerco stream system is possible.  Preliminary results indicate the potential of this method to provide estimates of expected maximum channel erosion magnitudes and their location within the stream system.  Despite the large uncertainty involved in these predictions, the presented approach accounts for the intermittent and ephemeral nature of streamflow and the great spatial variability in rainfall that are very common in semiarid regions, and will lead to an improved understanding of the effects of global climate change on channel erosion.
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�Gullies in the Northern Ethiopian Highlands: new insights on causes and control measures
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In the Highlands of Tigray (Northern Ethiopia), gullying is an important process leading to soil loss and water table lowering. Causes are not only the removal of vegetation and overgrazing, but also the abandonment of fields and their transformation into grazing land. Road building, through the important enlargement of drainage areas and the concentration of runoff, induces an exceeding of the critical catchment size at which gully heads are formed for a given slope gradient. Over the last ten years, local communities carried out important gully conservation works, building essentially stone checkdams. Aggradation of many gully beds takes place; the poster stresses however also some important cases of checkdam failure. Besides construction defaults (lack of apron or spillway), which are more and more avoided, the rising of checkdams that proved efficient in previous years, may result in the diversion of water into the fields, where a new gully can eventually be created. Especially in the valley bottom Vertisol areas, the existence of large and deep cracks in the soil at the beginning of the rainy season induces piping and bypassing of checkdams. This was observed to happen within one rainy season. Besides appropriate land use and road building decisions, better gully control can be attained through the creation of controlled waterways in those gully sections which are nearly silted up after checkdam building. Furthermore, in Vertisol areas, it appears necessary to first raise the water table in order to deactivate the shrinking and cracking of the soil.
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In this study we examined the factors that control the spatial distribution of bank-gully heads along a reach of an ephemeral river (Rambla Salada) in an area threatened by desertification in south-east Spain. The activity of 458 gully heads was assessed in the field by pre-defined criteria such as sharp edges, presence of a plunge pool, tension cracks, recent deposited sediments, flow marks, and vegetation re-growth. The results showed that land use has a significant impact on bank gully-head activity. Recent land use changes involving the extension of almond cultivation appears to intensify bank gully head activity. Also lithology has a clear impact on the bank gully extension. It was further investigated whether the gully heads were important sediment sources that contributed to reservoir sedimentation. The density of (very) active bank gully heads along the study reach was 1 per 17 m of  channel length. Average annual retreat volumes were derived from measurements at 46 active gully heads (4.0 m³ y-1). By selecting all the channel sections in the catchment of the Puentes reservoir with a similar pattern of bank gullies using aerial photographs, an estimate of basin-wide sediment production of bank gully heads was established. It was estimated that the retreat of active bank gully heads alone in the 12760 ha study area  (representing 12% of the total catchment area of the Puentes Reservoir) produced 6% of the sediment filling up the reservoir.. Considering that sediment is also derived from other sources such as channel walls, channel beds and hillslopes, the overall conclusion is that bank gully expansion in south-east Spain is a major point source of sediment and therefore a major process of land degradation.
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Normally the winter period in south eastern Norway is cold with a snow cover from January till late in March. The erosion often follows a seasonal pattern with the highest soil losses during late autumn and snow melt period in spring. Erosion on agricultural fields in Norway has earlier been reported to be mainly sheet and small rill erosion.. 

The present study was carried out to provide information about rill and gully development during an extreme storm runoff event during the winter of 1990.  Several milder periods with heavy rainfall occurred in January ( 230 % of 30 year normal ). Top soil conditions varied from an ice and snow-covered surface to a thawed surface with frozen subsoil.

In the areas where monitoring stations had been established , this event gave the highest measured soil loss, mainly caused by sheet and smaller rill erosion. The soils in this area belong to marine sediments with clay and silt and frozen soil restricted deep rill formation However widespread erosion was reported outside the monitoring area  with rills and gullies occurring in a wide extent, also on areas normally not considered at risk. This severe erosion gave an opportunity to study processes leading to rill and gully patterns on different soil types, topography and management. 

Lack of control with surface runoff could lead to development of  gullies, like surface water inlets covered by sediments or  excess water from other fields, hills , farm yards, roads etc entering the field in a concentrated flow. Gullies, up to 1.5 m deep and 5 meter wide were developed. Tilled soils with a high silt/sand content were especially vulnerable during this event, despite the fact that they normally have a high infiltration. Some gullies were developed as enlarged rills eroding to the depth of the drainpipes.  Rills turned into gullies immediately when the rills eroded through the topsoil layer. Fields with stubble had no visible erosion at all. On sandy soils with low slopes, wide but shallow gullies were developed. 

Reduced infiltration due to frozen soils gave other runoff conditions than rainfall generated runoff on unfrozen soil. An possible climate change leading to weather conditions with several freezing /thawing cycles and heavy rainfall during winter time may increase the risk of rill and gully erosion.  
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Is the most important form of water erosion, often dramatic. Gullying proceeds by 3 processes:

1. Waterfall erosion

2. Channel erosion

3. Erosion caused by alternate freezing and thawing usually more than one process is active in gullying.

Gullies classification are:

- If less than 3 feet deep called small size.

- If 3-15 feet deep called medium size.

- Over 15 feet deep called large size.

Gullies have two shapes:

1. Most common are V-shaped, which cut the soil in to uniform throughout their courses. In lithosolic soils, gullies are generally shallower than the associated zonal soil. V-shaped gullies are produced by channel erosion. This type of gully happen when underlying soil horizons are fine texture and more resistant to erosion than surface horizon.

2. Other is U-shaped, especially by under cutting of soft substratum at gully head. It results from surface water first cutting through coherent soil material in the loose incoherent sub strata that erode very easily. Soil underlain by thick deposits of low water-laid sand, deeply weathered granites (saprolite) or similar incoherent materials are subject to this type of gullies.

The erosion forms in areas which have been affected by preglacial conditions in the recent past. When gullies form on hill side, they are first discontinuous and consist of various sections, each section contains a headcut, the gully is incised deeply into the slope. Lower down it becomes progressively shallower, part of the eroded section is replaced by an alluvial fan. Recession of the headcut leads in time to the coalescence of the individual gully sections and the formation of unified channel. On large scale it is important in areas where strata including alternatively hard and soft bands and gently dipping of horizontal. As run-off increases the belt of no erosion is left behind and erosion action of the sheet-wash becomes important. Gully erosion does not only result in soil loss, but eroded material is also deposited over more fertile soil at the foot of the slope. Deep gullies can not be crossed, even with modern farm machinery and divides the field into small units.

The hazard of gully formation in arable soil increases. Gully effects the total area of arable land and does less damage on most farm than sheet and rill erosion. The soil is removed as a formation of large channels or gullies cut in to the soil by concentration of run off. Some places are so deeply gullied as to form in effect, badlands.

Research is needed to study global changes, and its moisturising and controlling factor and find the link between gully erosion and land degradation.
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�Historical assessment of ephemeral gully erosional system: a case study in Mocca (Sâo Paulo, Brazil)
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In the present study efforts have been made to identify the gully erosion pattern using both, present field survey and historical aerial photographs in an experimental farm located near Mococa (Sâo Paulo, Brazil). Gully systems are a part of the agricultural landscape of Mococa and they are responsible for significant losses of agricultural land. In the studied zone, the need for soil conservation measures was evident and the most widespread management system are ridge terraces built across the slope of the hills, so that entire hillsides have been modified into a series of steps by this type of terraces. Each ridge is approximately perpendicular to the slope; it is composed of ditching and broad base terracing arranged at intervals according to soil erodibility and slope gradient. In the past, however, because of deficient runoff removing and terrace unsteadiness, water concentrates before the terraces base leading to flowing in an uncontrolled manner and breakdown of the entire reclamation system, which caused severe, ephemeral gully erosion. We examined aerial photographs dating from 1962 and 1989. During both years the spread of the gully system was very important in bare or poorly vegetated fields. Gully extension was controlled by topographic aspects, slope gradient and terrace weakness features, such as hollow density. Terrace vertical incision was caused by the direct effect of the concentrated runoff along the hillslope, while lateral expansion occurs mainly through mass movement. Nowadays as a result of more convenient terrace design and increased engine power for earth digging and more stable terrace building, the land management system was improved. Ditches before the terrace ridge collect superficial water and discharge it into protected waterways or vegetated gullies; in addition sediment is trapped into pits connected to the reclamed drainage ways. Thus, perspectives for erosion prevention and control according to the new reclamation design are encouraging.



Key words: terracing, ephemeral gully, aerial photograph, tropics, management system



Corresponding author:	Antonio Paz

			Facultad de Ciencias

			A Zapateira s/n

			15.071 A Coruña, Spain

			Tel: +34 981 167000		

			E-mail: tucho@udc.es

�Gully Erosion under Environmental Change



Poesen, J. 1,2, Nachtergaele, J.1, Vandekerckhove, L.1, Verstraeten, G.1, Oostwoud Wijdenes, D.1, Valentin, C 3



1 Laboratory for Experimental Geomorphology, K.U.Leuven, Redingenstraat 16, 3000 Leuven, Belgium

2 Fund for Scientific Research - Flanders

3 IRD, 210, rue La Fayette, 75480 Paris Cedex 10, France





Assessing the impacts of climatic and in particular land use changes on rates of soil erosion by water is the objective of many national and international research projects. Over the last decades most research dealing with soil erosion by water has concentrated on sheet (interrill) and rill erosion processes operating at the (runoff) plot scale. Relatively few studies have been conducted on gully erosion operating at larger spatial scales. 

Recent studies indicate that 1) gully erosion represents an important sediment source in a range of environments, and 2) gullies are effective links for transferring runoff and sediment from uplands to valley bottoms and permanent channels where they aggravate off site effects of water erosion. Many cases of damage (sediment and chemical) to watercourses and properties by runoff from agricultural land relate to (ephemeral) gullying. Consequently, there is a need for monitoring, experimental and modelling studies of gully erosion as a basis for predicting the effects of environmental change (climatic and land use changes) on gully erosion rates.

In this respect various important research questions can be identified. Some of these are:

1) What are appropriate measuring techniques for monitoring studies and experimental investigations of various gully types (ephemeral gullies, bank gullies, …)?

2) What is the contribution of various subprocesses and factors to gully initiation, development and infilling?

3) Can we identify critical thresholds (i.e. climatic, topographic, pedologic, land use, …) for the initiation, development and infilling of gullies?

4) What is the contribution of gully erosion to soil degradation and sediment production at various temporal and spatial scales and under different environmental conditions?

5) What kind of environmental conditions has lead to the development of (large) gullies which can be found under forest? What do we learn from this?

6) How do gully erosion processes interact with other land degradation processes?

7) What are appropriate models of gully erosion, capable of predicting a) erosion rates at various temporal and spatial scales, and b) the impact of gully development on hydrology and landscape evolution?

8) What are the most important on site and off site impacts of gully erosion?

9) What are efficient gully prevention and gully control measures? What can be learnt from failures and successes of erosion control programmes?

These questions need to be answered first if we want to improve our insights into the impacts of environmental change on gully erosion.
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�Energy Formulations of Head Cut Dynamics
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This study employs the principles of continuum mechanics to understand the dynamics of sediment movement on upland areas where often concentrated flows causes increased erosion from sources in the form of head cuts, such as occur in rills.  Head cuts which are ephemeral in nature derive their energy for development from the flow field in an interactive way.  The main dynamic factor is strongly kinetic in nature and, therefore, the dynamic energy balance principle of continuum mechanics appears to be particularly relevant.  This paper examines in detail the various energetic processes of importance in the context of a dynamic equilibrium which ensues during periods of head cut growth.  These periods may be characterized by energy redistribution phases in the process region of head cut.  The energy redistribution takes place between the flow energy, kinetic energy of the entrained soil mass and internal energy associated with cracking and yielding of the soil near the tip of the head cut.  This paper examines in detail the roles played by these energies in controlling head cut growth rate.  It was found that there exists a rather broad range of physical conditions for which results of head cut advance rates may be obtained in analytical form.  This result appears to be remarkably simple and is believed to be due to the kinetic balance of the stream power with the gain of energy of the entrained soil mass at the head cut site.  Furthermore, contrary to the common belief the details of the flow field in the plunge pool area are of minor importance in the overall dynamic balance of energies.  Our formulation and the analysis are guided by the experimental studies reported by Bennett et al. 1997 whose data conform the overall trends and the predicted growth velocities.
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�Past, Present and Future Gully Erosion in Australia.
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The presentation will synthesise research on the history, processes and modelling of valley floor gullies to provide insight into potential future erosion under global change.

The work encompasses studies of gully initiation, development and final stability.

Episodes of Holocene gully erosion had a laged response to environmental change and  appear sensitive to increased intensity of extreme events.  They lasted several centuries at most before valley aggradation and channel extinction recommenced.  In contrast, the present gullies were initiated by events of <100 y recurrence interval, and resulted in massive erosion immediately following land use change.  The critical factor for gully initiation was degradation of valley floor vegetation and recent gully initiation reveals a limited window of opportunity for initiation following disturbance.  Once initiated, gullies extended at an exponentially declining rate, with a half-life of extension of <10 y.  Extension was by coalescence of multiple fluvial scours followed by final adjustment dominated by seepage processes.  Gully network extent and bed width can be predicted by a simple terrain-based model of shear stress applied by surface flows.

Gully banks continue to erode, dominated in many cases by sub-aerial processes rather than fluvial scour or mass failure.  Seepage, clay desiccation, needle ice, and rainwash are significant processes controlling bank erosion, all of which are sensitive to environmental change.  Many eroding banks appear far from a stable morphology with no immediate prospect for reduced sediment generation without deliberate intervention.  Other gullies, however, are starting to infill, having been colonised by instream wetlands, repeating a process recorded in the Holocene stratigraphy.
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�Impact of agricultural practices through run-off and erosion processes on water quality - An example of a multidisciplinary study on a watershed from Parisian basin



Quilbé, R. 1, Wicherek, S., Tellier, F., Thomas, Y., Oudinet, J.P.



1 Centre de Biogéographie-Ecologie UMR 8505 CNRS/ENS, Ecole Normale Supérieure de Fontenay/Saint-Cloud, 92211, Saint-Cloud, France.





Most of erosion studies carried out up until now have focussed essentially on quantitative problems as estimating soil losses and volume of run-off. The direct link that exists between the volume of solid and liquid out-flow and the concentration of pollutants has been neglected, as well as the way agricultural practices can influence this relationship. To address these issues, we are currently carrying out a study in real conditions, coupling land experiments and investigations with physico-chemical and biological analyses.

The experimental protocol was conducted on a watershed situated in the northern part of the Parisian basin (Erlon, Picardie). At a gauging station installed at the point of outlet of the watershed, surface outflow was measured and collected in instantaneous time. The subsurface run-off water was also collected. On these waters we measured solid material contents, physico-chemical parameters (T°, pH, conductivity…) and inorganic pollutants concentration (nitrates, phosphates, trace metal elements). Global detection of biological impact of pollutants should also be obtained by measuring the expression of stress proteins by human cells exposed to the waters collected. The use of such cellular biomarkers constitutes a complementary way to physico-chemical methods, for the evaluation of "bioquality" of water. 

In the first step, we have been able to note that: 1) the implantation of an onion crop with a low vegetal cover on a sloping plot (between 6% and 10%), combined with numerous storms, has been at the origin of greater number of erosive run-off events over the year 1999 (11 significant incidents between May and August 1999) leading to the formation of gullies. 2) Quality of run-off waters was found quite variable during this period and closely related to agricultural practices (crop rotation, fertilisation, irrigation). For example, a nitrate content of more than 280 mg/l was found in subsurface run-off water on several occasions, and especially after nitrogen application. Relatively high total concentrations of trace metal elements, notably Pb (54 mg/l) and Hg (1,35 mg/l), were also found in non-filtered surface run-off water. For the most part, these elements were adsorbed to the solid material.

From our preliminary results, we can conclude that some agricultural practices can lead to drastic changes of water properties and confirm the link between erosion and water pollution. Our study is currently underway and the complementary analysis (trace metal element concentrations, cellular biomarkers), which are in the process of being carried out, should conduct to a better understanding of the mechanisms involved in the transfer of agricultural pollutants towards the surface water, as well as their impact on the biological environment and on human health.
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�Relating sediment yield and climatic conditions in a Mediterranean mountain badland area (Vallcebre, eastern Pyrenees, Catalonia).
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Badland areas in the Vallcebre area are relatively small but very active because both the abundant precipitation (924 mm year-1) and the high rates of weathering during winter. The Ca l’Isard catchment is 1.32 km2 in area, from which 0.06 km2 are badland surfaces. Rainfall, runoff and suspended sediment characteristics of about 300 runoff events observed in this catchment between September 1994 and June 1999 have been analysed.

Mean sediment yield rates obtained during the study period were 1,700 Mg km-2 y-1 for the whole catchment, and 38,000 Mg km-2 y-1 for badland areas, as sediment contribution from the vegetated areas is relatively insignificant. Nevertheless, these figures may vary by one order of magnitude depending on the 12-months period considered. This is due to the fact that more than 90% of the sediment was transported by only 2% of the events.

At the event scale, sediment concentrations were moderately correlated with rainfall intensity and depth and poorly with discharge, whereas sediment transport was fairly well correlated with peak discharge. The two last relationships suggest that there is some kind of equilibrium between sediment removal from the channel and dilution with clear water coming from stable areas surrounding badlands during the events. Furthermore, there were no clear signs of sediment exhaustion after the main sediment transporting events.

At the year scale, wetter years were years with more runoff but not with higher sediment yield. Rainfall intensity at this scale played an unclear role, presumably because its role on sediment concentration is counterbalanced by the fact previously described that the main runoff events are related to antecedent conditions in the stable areas and not to rainfall intensity.

In conclusion, the anticipated response of sediment yield from these areas to changing climatic conditions remains unclear. Climate warming is not directly increasing sediment yield or badland extension because geomorphic activity and existence of these badlands are more related to freezing on northern aspects than dryness on southern ones. Changes in intensity of precipitations may play a more relevant role than changing precipitation depths because the relevant geomorphic role of intense precipitations on badland surfaces. Temporal distribution of precipitation along the year may also play some role, as snow falls during winter favour physical weathering, and rainfall intensities would somewhat change with temporal patterns.
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�Influence of the forest vegetation on marly gully erosion: highlighting of the sediments trapping by the vegetation.
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It is generally allowed that vegetation plays an active role of protection against erosion (regulation of the hydrological rate of flow, soil fixation), and thus that erosion is null under a vegetal cover, and active in the stripped zones of a gully. To estimate the sediments contribution at the exit of a gully, one then applies to eroded surfaces an average rate of ablation; this principle is in particular used in modelling. Our studies show yet that the taking into account of the stripped surfaces in order to consider the quantities of materials arriving at the exit of the gully leads to an over-estimate of this solid load. We then suspect a complementary role of the vegetation in the control of erosion: the vegetal screen must certainly trap a part of the sediments eroded upstream.

One thus seeks to highlight this «passive» role of the forest vegetation, and the importance of its spatial distribution on the gully. For that, traps for sediments are installed at the exit of variously vegetalized gullies, and allow connecting the quantities of sediments measured there after rainfalls with the vegetal characteristics of the gullies (vegetal cover rates, position on the gully). Observations on a versant scale make it possible, as for them, to analyse and understand the phenomena of materials stopping by the vegetation. 

This better knowledge of the interactions between vegetation and erosion then allows defining economic strategies for the restoration of eroded lands, by the use of forest vegetation via techniques of biological engineering. One thus seeks to minimise the surfaces to revegetalise, while guaranteeing a sufficient protection against erosion, by a reasoned spatial establishment of the vegetation. The results will also make it possible to adjust hydrosedimentologic models for a better prediction of the sediments contribution in the streams.

The study is realised on marly gullies of the Southern Alps (France).
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�Monitoring of Gully Erosion in the Central Ebro Basin by Large Scale Aerial Photography Taken from a Remotely Controlled Blimp
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Flat valley-bottoms (Span. vales) built up by holocene sediments are characteristic landforms in the semi arid environment of the Central Ebro Basin. They are subject to deep incisions by strong gully erosion which is one of the most important sediment sources in this area. In the research project EPRODESERT funded by the Deutsche Forschungsgemeinschaft, the development of a large gully system (Span. barrancos) is investigated by different methods, including documentation and monitoring by aerial photography. 

Geomorphological forms in semi-arid environments as sheet wash, rill and gully erosion cannot sufficiently be documented by conventional methods of remote sensing. Spatial and temporal resolution of satellite sensors as well as of conventional aerial photography do not correspond to the scale and dynamics of geomorphological processes.

With a specially designed hot air blimp as a sensor platform, large scale aerial photographs were obtained of the Barranco de las Lenas specifically aimed at the scientific demands (spatial and temporal resolution). The development of the gully is documented and its dynamics are evaluated by a sequence of six image series from 1995 to 1998. Photographs are 

further processed for digital image analysis, digital elevation models, precise topographic maps and quantification of processes in a GIS. 
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�Influence of ploughing direction on the development of road incision �(on the example of loess areas of the Lublin Upland, Poland).
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The role of dirt roads in slope outflow organisation is already known. Slope roads surfaces which are very intensively used and unturfed are especially threatened by flow and erosion processes, as they are generated by as few as a couple of millimetres of rain. When driving or torrential rains, or intensive thaws occur, erosive-evorsion hollows of significant dimensions may be created. What is also significant, pieces of the ground are translocated by cars’ wheels and some years ago also by farm animals hoofs. All these lead to road surfaces lowering and to the development of road incision even when its basin is limited to road itself.

Road forms system is especially dense on loess areas of south-eastern Poland. It is caused by area relief, ground susceptibility and intensive usage of dirt roads connected to significant dispersion of small farms. Especially roads located along steep slopes (>10() of big valleys are quickly transformed into road gullies with vertical slopes. Annual average pace of incising reaches 5 centimetres and more, and it  does not depend neighbouring are usage.

When the slopes are more gentle, of a few degrees inclination, road incisions development depends on original neighbouring fields arrangement. When the fields are parallel to the road, so when ploughing is parallel to slope, the road is separated from the field by a turfed fieldside embankment. It strengthens the edge of eroded road and prevents any field outflow. A gully-like incision with steep slopes also arises, but incision pace is here smaller and amounts to 1-3 cm per year.

Next, when field arrangement is perpendicular to road and slope, the road is usually used while ploughing as a turn back zone. Then cultivated field surface touches the eroded road. In such conditions soil is moved from the field to the road, both by agricultural machines and tools and by water. Crosswise material transport from field to road slows down road incision pace up to a few millimetres per year. However, lowering zone is gradually widened, eroded road basin gets bigger and trough-like incision develops.

Road troughs development mechanism seems to be similar to the genesis of ablation slope troughs at the end of vistulian glaciacion. Agricultural land usage makes flow processes active. Contemporarily road erosion took over the role of natural thaw erosion, and tillage erosion took over the role of solifluction. Contemporary troughs can by easily recognised, as they incise Holocene soil profile. When soil is removed and carbonate loess is drawn back within a relatively large basin, tillage erosion becomes a serious threat. It is especially big, when road trough in the upper part of a slope turns into a road gully in the lower part of the slope.
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�Influence of field arrangement on contemporary development of loess gully (a case study: Karmanowice, Lublin Upland, SE Poland).
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The subject of this research was a with deep gullies incised, loess basin of 1.2 square kilometres. Relative heights within the basin reach 50 metres. This wavy interfluve elevated at 190-210 metres a.s.l. is varied with denudative troughs gradually changing into dry erosive-denudative valleys. Bottoms and sides of the valleys are incised by system of gullies covering 18% of basin area. It consists of two main forms (each 1 kilometre long) of reverse trapezoid cross section (width about 50 metres and more, over 10 metres deep) and a few side gullies 100-300 metres long. Branch gullies are a little bit shallower and narrower and their cross section resembles usually a reversed triangle. This fundamental net is supplemented with small forms looking like V-shaped gullies or dead-end suffosion valleys. Most of them are already preserved, but some still develop.

Activity of gully erosion increased within the last few years as a result of intensive thaws and considerable frequency of heavy rains. Repeatedly surface flow from fields, concentrating in gullies, was observed. In many places recent incisions appeared on sides of gullies, where suffosion (piping) processes were noticed. Within a period of a few years a dozen or so of suffosion potholes occurred or became active. Some of them reached volumes of more than 100 cubic metres. Material, which is washed out of them, is usually deposited in a form of proluvial fans on the bottoms of these gullies. However, in lower, mouth parts of main gullies the bottoms are incised and regressive terraces are created.

Aside from forested gully systems, the basin area is covered by cultivated fields. Many centuries of cultivation caused in some places partial truncation of lessivé soils. Complete erosion does not appear, because slope inclinations on the fields do not exceed 10(. Within last years area used by orchards and berry shrubs has increased here. Area of uncultivated land, which overgrows with grass and deciduous trees seedlings also becomes larger. Only small private farms occur here. Individual fields are less than 100 metres wide, often even less than 20 metres. Contemporary fields arrangement came into being at the turn of the 19th and 20th century as a result of grange grounds parcellation and combining broken out farmer fields. Fields are usually located perpendicularly to main gullies. Consequently along-to-slope direction of cultivation on fields bordering on gullies is prevailing.

It was observed that erosion processes occur where concentrated water flows from ploughed fields to gullies takes place. Especially intensive water and soil flow was noticed at root crops fields and at berry shrubs plantations in the first years after founding them (when soil on a plantation becomes turfed or when it was not cultivated in the course of a few years, the flow is insignificant). Along-to-slope and oblique-to-slope cultivation direction allows outflow from a large area, along to bulks and furrows. Additionally, when field arrangement is perpendicular to slope, flow concentration ensues in the turn back zone (of different ploughing direction) over the edge of a gully. Outflow from the whole field concentrated in one site causes strong erosion and development of suffosion potholes on the edge of a gully. It may be an initial form of a new side gully.
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This paper is a synthesis of bibliographical and personal observations and measurements

on gully erosion during the last 20 years in Algeria, Burkina Faso, Zimbabwe, Burundi and Madagascar. 

Methods were adapted to local conditions. Observations were recorded on the evolution of longitudinal and cross sections, fine sections of the surface of gully embankments, transfer of measured and coloured stones of various diameters, trapping of eroded sediments. 

Results and discussion. Four types of gullies were observed in relation to their functioning and to the cohesion of the soil mantle or rock : « V » shaped (if homogenous material like marl, clay or schist), « U »shape (if lateritic B horizon or heterogeneous rock or soil, like « lavaka » of Madagascar), tunnelling (if swelling clays or soluble salts in marl), gullies in relation to landslide on very steep slopes. 

Two main factors are modifying the gully dynamic : the runoff velocity (depending on slope gradient, roughness and vegetative cover) and the runoff volume (related to rains, soil surface infiltration capacity, soil moisture before rains and sealing crusts on the surface). 

Hulström (1945) developed a model showing the threshold of flow velocity necessary to provoke gully erosion in relation to the texture of the streambed. This model is very interesting to approach the management of running waters on steep hillslopes. 

Stocking (1978) developed an empirical model of gully erosion on ferrallitic soil covers of Zimbabwe : gully erosion is a function of rainfall amount (exp 1.34), watershed surface in km² and waterfall of gully head (exp.0.52). He found no significant effect of gully type on erosion losses in this area.

The gully erosion varies from 100 to 300 t/ha/year depending on rainfall patterns, weathering velocity of rock material (8 to 17 mm/year), slope and surface roughness (Roose, 1996). Many experimental techniques for management of gullies from 1 to 10 meters depth on non torrential gullies have been made in Algeria. Gully rehabilitation begins by fixing mechanically the bottom of the gully with permeable microdams (to avoid hydraulic pressure) and when the dams are filled with sediments, to fix them with grasses and trees around the embankment. The observation of dozens of success and failures of gully management systems in various circumstances allowed us to develop guidelines to be respected when gullies have to be managed to stop sediment transport to water storage dams (Roose, 1996). 

In conclusion, gully erosion is often much more active than sheet erosion to erode and transport sediments in mediterranean steep hillslopes (Heusch, 1972). But, gullies can also grow on sahelo-sudanian glacis of less than 2% slope, because rainstorm intensities are very high and the soil surface is quite impermeable due to various crusts ( Casenave and Valentin, 1989). In tropical steepslopes of ferrallitic red soils, gully erosion is also very active , chiefly on basaltic or volcanic material, even if soil aggregation is very high : in that situation where sealing crust are rare, runoff can be high on roads and fields because of topsoil compaction by animals, cultural practices or  by man walking or by cars . 
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�Buried soils of Sekukuneland, South Africa
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This paper shows the results of an observation on the recent sequence of buried Vertisols (Arcadia form, black turfs, black cotton soils) found at the side of a donga at Geen Ende, Northern Province of RSA. A detailed study of the buried soils, and their correlation with present soils of the research area and adjacent territories is expected to help understanding the processes of landscape development and evolution in the Olifants river catchment. Currently the Geen Ende area is highly degraded due to overgrazing and inappropriate cultivation practices. The provincial Department of Agriculture is spending considerable amounts of money, time and effort to combat gully erosion at this location.

The study site was located at 24°34’ S and 29°58’ E. The Geen Ende valley may be divided into three main parts as following from the bottom to the top:

The bad land of eroded valley foundation displaying heaps of weathered Nebo granite.

The gently-sloping palaeo-flood plain filled with alluvium and dissected by dongas.

The hill slopes surrounding the valley covered with deluvium of granites.

Standard methods were used to analyse both day surface and buried soils.

The buried Vertisols displayed distinctive, well-preserved vertic properties in colour and structure. The sequence may be roughly described as follows: 

Fluvisol (Dundee form, Alluvial soil)			0- 65 cm

Buried Vertisol					65-90 cm

Alluvium interbedded with slope wash		90-105 cm

Buried Vertisol 					105-120 cm

Alluvium with neoformations of carbonates 		below 120 cm 

Saprolite of granite

The day surface alluvial soil was lacking vertic features and had an Orthic A topsoil resting on stratified alluvium contrasting with the black colour of Vertisols. Good preservation of structure and organic matter in the buried soil suggests recent burial, although further tests are necessary to determine the age of these soils. The buried soils contain almost double the amount of organic carbon if compared to alluvial soils at the top (1.7 vs. 0.9%) 

Conclusions: 

The buried soils show that the soil moisture regime of the Geen Ende valley had changed dramatically several times during the recent period of Quaternary from periodic waterlogging associated with a rather extensive vlei to well-drained conditions of highly dissected area.

It seems doubtful that this change in soil moisture regime could have occurred due to human impact on the valley itself.

Most probably, the main reason for drainage of the former vlei was the lowering of the local erosion base which may have happened due to downcutting through the verge of the hanging valley with devastating results.

Although the evidence of the buried soils is not always interpreted as easily as the case of palaeohydromorphic soils, they should generally receive more attention to interpret the recent history of land use and land cover changes.
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�Concentrated flow erosion in cultivated areas of Southern Navarra (Spain)
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Cultivated areas in Southern Navarra (Spain) are seriously affected by concentrated flow erosion. The problem is particularly important in the 6.2.104 ha occupied by the Ujué facies, where the parent material of the soil is a mixture of clay and loams interbedded with sandstone paleochannels of Miocene age. Some sodic salts are present causing clay dispersion in the soils, which are generally loam or silt-loam. A 49 ha watershed cultivated with winter grains and representing those areas was selected for a detailed study at the end of 1995. The climate is continental Mediterranean, with a mean temperature of 13 °C and an annual rainfall about 500 mm. Rill and ephemeral gully erosion were ubiquitous in the cultivated fields. Seven ephemeral gullies appeared year after year, and others formed occasionally. The corresponding sub-watershed surface areas ranged between 0.3 and 1.7 ha, with average slopes ranging from 4 to 9%. Average soil losses from the period 1995-1999 due to ephemeral gullies ranged from 0.16 to 1.32 kg m-2 y-1, frequently exceeding the maximum accepted tolerance. Rills formed mainly in the steepest slopes and were associated to small tillage furrows. Soil losses due to rills ranged between 0.35 to 2.16 kg m-2 y-1. Ephemeral gullies were responsible for about 50% of total soil losses. Every year, most soil losses were caused by only one or two rainfall events. Early winter was the most critical period for gully formation, when the soil was wet and surface cover was scarce. Several plots developed dense gully and rill networks after about ten years of no production. During last two years, wild vegetation slowly covered the soil, decreasing gully and rill growth rate. In two small plots that suffered such degradation process, gullies and rills caused soil losses amounting 6.1 kg m-2 y-1, with a drainage density of 0.45 m/m2. A drainage channel excavated through the watershed suffered intense erosion after ten years. Erosion processes included bed and bank scour, and bank sloughing and sliding. The channel, small when incised, became a permanent gully. The actual channel size and shape was compared to the initial condition using digital elevation models. Along a reach of 610 m, soil losses averaged 3.62 m3/m. Channel degradation promoted gullies associated with banks and accelerated sheet-rill and ephemeral gully erosion on adjacent fields. 
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�Estimation of ephemeral gully erosion using topographic indices
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Ephemeral gullies are important sources of sediment in many cultivated areas. However, few data describing the importance of the problem is available. Thus, there is the need for knowing the affected surface areas and the intensity of the phenomenon within them. Factors controlling ephemeral gully erosion include watershed size and morphology, soil properties, soil use, and climate. Suitable topographic indices are able to characterise in an only, simple and time independent value, the morphologic characteristics and the size of a watershed. A method to estimate total soil losses caused by ephemeral gullies in watersheds was developed, and it is based on those indices. In this paper, two topographic indices are proposed and tested. AS index is defined as the multiplication of the total watershed area times the average watershed slope (weighted with area). To compute the average slope, the watershed is divided into planes with uniform slope and known area. ASL index is defined as the multiplication of the total watershed area times the average swale slope (weighted with length). To compute the average slope, the swale is divided into segments with uniform slope and known length. Several authors used similar indices to estimate transport capacity in flows and the cumulative sediment yield per unit width in channels. AS and ASL are easily computed from digital elevation models. Total soil losses caused for ephemeral gullies were assessed in five small watersheds in Southern Navarra (Spain) during three years. Soil, soil management, and rainfall were uniform. Soil losses in each watershed were plotted against the corresponding AS and ASL values. A close correlation exists between the AS index and soil losses for the three-year period considered. Those data fitted to a hyperbolic function yielded a r2( 0.8. The proposed methodology seems applicable to characterise soil losses caused by ephemeral gullies in large areas, as long as the soil characteristics, soil management, and climate are uniform. Geographic information systems arise as a useful tool to identify such uniform areas. 
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�Historical studies of gully erosion in Northeast-Germany
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At many sites in Northeast Germany studies on historical soil erosion events have been carried out during the past years. The landscape of Northeast Germany consisting of till planes and moranic belts was formed in the last ice age. Evidence of cultivation of the land traces back 4500 years. 

Pedological, geomorphological and field investigations as well as paleobotanical and soil laboratory analyses together with research of contemporary documents and maps showed the complex interdependence of land use and gully erosion.

At most sites the Bronze Age, the late medieval times and the 17th and 18th century were times of major gully erosion events.

Two examples show the relations between gully erosion and land use from prehistorical times until today.

The “Wolfsschlucht” a 250 m long and up to 40 m deep ravine shows extreme gully erosion events in the medieval times and the 18th century. 

The gully system of the nature reserve area “Biesdorfer Kehlen” is divided into two investigation areas. One part shows a gully developed after the 2nd world war.

The other part is characterised by a gully system which started to develop in prehistoric times. It’s major deepening took place in 17th and 18th century.
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�Geomorphological processes and landforms: A study on Garhbeta badlands, West Bengal,India
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The Garhbeta badlands, locally known as Ganganir Danga (Land of Fire: 22(49(N, 87(27(E) is situated in Medinipur District of West Bengal, India. The area, covering about 1.25 km2 of a Pleistocene lateritic upland, is noted for spectacular ravine development on a concave bank of the Silai River. 

To study the physical processes involved in regional landform development and to classify various micro-landform features seen in the area, multidated maps, aerial photographs, satellite images and previous literature were consulted. Field survey and mapping of the area, backed up by time series photographs, were also conducted since 1986 to record patterns of gully development and landform changes. The study revealed the following.

Initially this area was a flat-topped lateritic upland. Migration of a meander of the Silai towards the upland and erosion along its concave bank produced a steep 15-25 m-high escarpment. Rills and gullies dissected the upper indurated surface and subsequently extended headward resulting in the development of a typical badland topography.

Vertically, gullies in the area occur at three distinct levels. The top-level gullies drain the surface of the upland; the middle-level channels, formed due to localised retreat of the cliff-line, cut into the lower horizons and the bottom-level gullies dissect the planation left exposed by the retreating cliff-line. While three or more top-level gullies empty into a single middle-level gully channel, both middle-level and bottom-level gullies drain directly into the Silai.

Areally, the badlands have two distinct parts: a less mature and highly dissected 0.40 km( southwestern area and a more mature 0.85 km( northeastern division. The latter is characterised by a wide planation surface due to long continuation of cliff and gully sidewall retreat. 

The maximum retreat rate of the gully heads was found to be about 60 cm yr–1 in the region. A medium magnitude storm, with a rainfall of about 200 mm hr–1, can induce 20-40 cm deep flows at the middle-level gully channels. The storm discharges typically consist of 0.25-0.35 gm cm–3 of suspended sediments.

Simultaneous operation of many erosional processes like slumping, sidewall collapse, corrosion, basal sapping and corrasion have sculptured the landscape of Garhbeta. The erosion-resistance of the top-level and intra-formational indurated horizons has played a key role in evolution of the varied micro- and meso-scale landform assemblages. These include arches, pinnacles, earth pillars, buttes, waterfalls, plunge pools, honeycombed and fluted gully divides etc. Few instances of channel piracy are also seen.

Numerous solid and void branching tubular structures are commonplace in certain horizons of Garhbeta. These have been suggested as autochthonous burrow fossils. With proper mapping and identification, these may provide some important clues on past geological history of the area.
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�Gully erosion investigation and prediction: experience from Russia.
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The development of gully erosion on the Russian Plain is determined by the same factors, that development of slope erosion: by change of arable land area, depth of winter and summer precipitation, of land use type. However time distribution of intensity of slope and gully erosion is basically different. Intensity and volume of sheet and rill erosion vary in full conformity with variation in the time and space of the main factor of these processes: the arable land area. An increase of arable area led to the overall monotonous increase of slope erosion volume. The same cause led to nonsteady regime of gully erosion: during some period after arable area increase gully formation intensity reaches to maximum and afterwards decreases to minimum. There were 5 maximums of intensity of gully formation on this territory: at the end XV, at the end XVII, at the beginning of XIX, at the end of XIX and in middle of XX centuries. The three latest maximums are well connected with considerable increasing of arable land expanse after tax reforms of 1762, the exemptions of peasants of 1861, and collectivisation of 1928. The calculations of quantity gullies and their volumes for agricultural period (~500 years) for the territory of the Russian plain shows that for this period the mean volume of soil loss due to gullying does not exceed 20 t per hectare. Only at the lower Volga River basin and at the south of Ukraine this value grows up to 20-30 t/ha, and at Central Black soil lands, at middle Volga River basin and in Moldavia exceeds 30 t/ha. The whole volume of gully erosion for the last 500 years was estimated as about 4 billion tons. 

Two main stages of gully development led to two types of gully erosion models: 1) dynamic model to predict rapid changes of gully morphology at the first period of gully development; 2) static model to calculate final morphometric parameters of stable gully. The dynamic gully model is based on solution of the equations of mass conservation and deformations. Stable gully model is based on the assumption of final gully morphological equilibrium, when averaged for several years elevations of gully bottom and gully width do not change: These two types of gully erosion models were verified on the data on gullies morphology and dynamics from central European Russia, and Yamal peninsula
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�Role of firm products of erosion in formation of properties aggradation soils of erosive landscapes.
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Soil erosion is completely fairly considered as the factor of degradation a soil cover. The water soil erosion is the powerful factor of surface migration of pollutants. The essential share is dated many from themfor firm products of erosion, which represent substances involved is structure of a superficial drain. The firm products of soil erosion form cones overwash of a material from gully system, rills temporary and constant floods, theirs channels and aggradations. The territories, from which occurs drift of a material soil cover, as a rule, much exceed territories, where it collects. On the other hand in such areals the substances and compositions sorptioning on soil particles are accumulated. The intensity and range of carry of firm particles (primary size-particles) by water flows is (with same equal conditions) defined by the sizes and in a smaller measure of their density, porosity and form. It is known, that different particle sizes classes of the same soil samples can essentially differ on mineral and chemical structure, so and sorption properties in relation to organic matter and pollutants. Were investigated: samples of superficial horizons sod-podzolic soils of a different degree of erosion and gully erosive landscapes, firm overwashes and them particle-size fractions, total contents of trace elements – Ni, Cu, Zn, Pb, and also Fe and Mn. It first analysis indicated that greatest concentration all of them, and also contents of organic matter are dated in aggradatiol soils. It was show that distribution contents of them on different particle-size fractions natural decrease in process increase of the size of the primary particles. The maximal concentrations are dated for a thinnest loam fraction, minimal – in sandy ones. The equal dependence of distance of carry of soil particles on their sizes is received.
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�Assessment methods of water erosion in a badland area in SE Spain. From laser micro-profiles to classical techniques. 
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Several techniques have been used in the past five years to measure water erosion in an experimental catchment in the badland area of the Tabernas Desert (Almería, Spain). The different techniques (erosion pins, splash cups, runoff plots, micro-profiles and automatic samplers for runoff), while measuring sediment yield, actually provide data from different specific processes which have been used in a variety of both time and spatial scales (rills, inter-rills, gullies, micro-catchment, from a single rainfall event to annual yields) . The data obtained with the different methods, while not coincident in their absolute values, in general agree quite well about the spatial patterns of soil and/or regolith erosion and provide a multiple and necessary approach for a better insight of the different water erosion processes. These data along with the rock weathering data supplied by parallel experimental studies, provide key elements for a general model of erosion of a calcitic gypsiferous mudrock in a badland landscape under warm Mediterranean semi-arid climate.
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�The Development and Location Regularities of Gullies in Southeast Latvia
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Field studies of gully erosion landforms in the Southeast area of Latvia, which lasted for 5 years, permit us to draw certain conclusions about the morphology of gullies and their development and location regularities in this region.

Gully erosion landforms are rather common in upland areas of Southeast Latvia where gullies formed predominantly on the slopes of river valleys and subglacial channels as well as on slopes of morainic hills and plateau-like hills. In lowland areas of SE Latvia gullies have been ascertained only in some cases, and they are not widely spread in general.

The principal geomorphological and geological factors which have affected gully erosion in SE Latvia are slope inclination, slope length, slope profile form, slope exposure, local base level, type and vertical structure of surface rocks. The complex of these factors has chiefly determined the possibility of gully formation, intensity of gully erosion and density of gully network.

The climate factors which determine the formation and development of gullies in Latvia are intensity of snow melting in spring and the rainfalls of high intensity (more than 50 mm / 24 h), which commonly occur once in 40 – 50 years.

Short, non-branched, permanent gullies are a predominant type in upland areas of SE Latvia. The complex cross and long profiles of gullies depict several reactivation periods in the development of gullies.

The highest density of gully network has been ascertained on territories where the erosion base level exceeds 30 m, slopes inclination is ( > 15 o, slopes have a convex form and their length exceeds 100 m. The exposure of slopes is a second-grade factor which has affected the development and location of gullies. 

The data correlation between the gully network density and the geological structure in this area shows that one of the principal geological factor which determines the gully erosion process and the development of erosion landforms is the infiltration index of sedimentary rocks. The erodibility of sedimentary rocks is a second-grade factor affecting the gully erosion process in this area. The values of gully network density vary from 0 – 0,4 km/km2 on territories formed by sandy alluvial and fluvioglacial deposits to 0,3 – 2,4 km/km2 on territories formed by clay loam, stony loam and basal till deposits. The vertical structure of sedimentary rocks determines the potential formation of ephemeral gullies in landslide cirques of SE Latvia.
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�Assessment of the potential of ephemeral gully erosion in small agricultural catchments using a GIS-based model
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There is an increased awareness of erosion in Northern France agricultural regions, as in many other regions of the loessian belt in north-western Europe. Erosion occurs despite a gentle topography because of poor infiltration and inadequate storage of surface water due to the sealing of the surface of cultivated fields. Several types of erosion may be important sources of sediment. Ephemeral gullies resulting from concentrated flow also produce considerable off-site damage. But they are also the source of links between agricultural and urban areas, as they may be responsible for a rapid discharge of sediment produced by sheet or rill erosion.

This paper describes a method which combines three complementary approaches. The first determines the probability of a rill occurring and the cross-section of the incision (Ludwig et al., 1995). The second establishes maps showing where ephemeral gullies may appear (Souchère et al., 1998). The last allows the calculation of total runoff volume for a rainfall event at any point of the catchment (Cerdan et al., submitted). These three techniques have been used to build a new erosion model to predict the location and the volume of an ephemeral gully initiated during the winter, and their link with other forms of erosion.

This expert-system model is based on field experiments and knowledge about erosion processes and agricultural practices. It takes into account the slope gradient, parameters reducing runoff flow velocity or increasing soil cohesion (land use, percentage of soil surface covered either by canopy or residues, roughness, soil surface crusting, etc.), the hydrological structure of watersheds and the volume contributing to runoff. The model can be used to calculate the susceptibility of the soil to ephemeral gully erosion at any point in the watershed. It is dedicated to the assessment of the erosive potential of small agricultural catchments.
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�Causes and magnitude of ephemeral gully erosion in Northwest Poland
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The entire north-western part of Poland, which includes Pomerania and Wielkopolska, was covered by the last (Vistulian) ice-sheet. The large gully landforms extant in this area are not active any longer. They developed in the closing stage of the Vistulian under periglacial climatic conditions with permafrost and tundra vegetation sparse or absent altogether. Periglacial erosional-denudation dissections are found primarily near the scarps of ice-marginal valleys and glacial drainage channels. This location results from comparatively big height differences and gradients of those slopes and from the existence of extensive alimentation areas on morainic plateaux.

The present-day climatic and lithological-soil conditions as well as the relief of the area reduce the possibility of gully erosion to a minimum. Predominant in the morainic areas is a hilly relief with short slopes (< 100 m) and low gradients (< 10º). The soils are light (largely loamy sand) and characterised by a high infiltration capacity. Even on heavier loamy soils the overland flow amounts to a maximum of 10% of the annual rainfall, and much of it is connected with snowmelt flows of low erosional efficiency. The rainfall in Northwest Poland is rather small (500-700 mm) and fairly evenly distributed throughout the year (precipitation of the summer half-year predominates slightly). The heaviest rains (summer convectional storms) occur in July and August, i.e. when vegetative cover is at its densest, and their spatial extent is very limited. That is why their erosional impact is usually slight.

Every few years, however, there develop numerous ephemeral gullies as a form of concentrated wash. Their formation is connected with highly specific weather conditions, and their maximum efficiency is noted in equally unique combinations of relief and farming practices. In spring, especially May and June, active lows are registered with fronts separating air masses exhibiting very big differences in temperature. The rains fall then on an area extending from 30 to 60 thousand km2, and daily rainfalls recorded in an area of less than 500 km2 can exceed 100 mm. In Northwest Poland cultivated vegetation is still sparse at this time of the year. Ephemeral gullies develop particularly in the scarp zones of river valleys, terrace levels, and glacial drainage channels on cultivated fields of potatoes and maize. What has much influence on initiating the development of concentrated-wash landforms is soil compaction in ruts left by tractors and other farming machines. The authors' own measurements and data from the literature indicate that the maximum volume of erosion from present-day ephemeral gullies ranges from 50 to more than 100 t/ha. The biggest forms registered were over 100 m long, up to 7 m wide, and up to 3 m deep. The average erosion rate determined on the basis of multi-year stationary studies varies between under 1 and 5 t/ha/year. Thus, in spite of their low frequency of formation (twice in 10 years), ephemeral gullies contribute a substantial share to the multi-year rate of erosion within individual 'privileged' slopes and entire river catchments. They also contribute significantly to the increase in sediment supply to streams and their eutrophication.
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The aim of the contribution is to present the results of research concerning the gully evolution in the Myjava Hill Land in the period from the beginnings of settling its territory up to the present, i.e. within the last eight centuries.

The Myjava Hill Land represents a low, plateau-like geomorphic unit situated in western Slovakia. Natural landscape evolution in this territory lasted practically up to the end of the 13th century. Its settling before this period did not penetrate deeper to its inland. Human interference in that time concentrated to marginal parts in W and S, where a few villages existed already in the 1st half of the 13th century. The more significant interventions of man from the area-wide viewpoint began only after construction of two medieval castles before the end of the 13th century, namely Branc Castle in W and Cachtice Castle in E. In the 1st half of the 14th century nine villages were founded in the eastern part of the Myjava Hill Land. On the other hand, some of already existing villages in western and southern margins of the given territory were abandoned in that time. The main wave of the settling is associated with the so-called "kopanitse" colonisation, taking place since the 2nd half of the 16th century to the beginning of the 19th century. Substantial part of the Myjava Hill Land was deforested and changed to pastures and fields. The maximum extent of deforested areas corresponded with the period of culmination of this colonisation at the end of the 18th and at the beginning of the 19th centuries. The "kopanitse" landscape was typical for mosaic of small, narrow plots arranged into blocks with the same, either contour or gradient cultivation, alternating with pastures, meadows and forest patches. This land use type was characteristic also by a dense network of artificial linear landscape elements, as field boundaries, banks, lynchets, headlands, drainage furrows, access roads, etc.

The large-scale forest clearing and establishing the fields created conditions for an enormous acceleration of gully erosion. The result of gullying was extensive network of permanent gullies, while the spots with the densest concentration of gullies (up to 11 km/km2) acquired the badlands-like features. The biggest gullies reach the depth up to 15-20 m, exceptionally even to 30 m. Gullies are controlled both topographically and anthropologically. Topographically controlled gullies originated mostly in the bottoms of different slope hollows and along thalwegs of dry valleys. Much more frequent anthropologically controlled gullies originated prevailingly either along above mentioned artificial linear landscape elements or on overgrazed pastures.

Gullies in the Myjava Hill Land had to be created in the time span since 13th to 19th centuries. Though the most convenient period from the climatic point of view was the 1st half of the 14th century (cf. Bork 1988), this phase could not be of key importance for the area under study because of not too high extent of deforested areas at that time. The predominant part of gullies originated with high probability during individual oscillations of the Little Ice Age in the period of above mentioned kopanitse colonisation and some decades after it approximately from the 2nd half of the 16th to the 1st half of the 19th centuries.



Key words: gully evolution, permanent gullies, Slovakia



Corresponding author:	Milos Stankoviansky

			Institute of Geography, Slovak Academy of Sciences

			Stefanikova 49

			81473 Bratislava, Slovak Republic

			Tel: +421 7 52495587		Fax: +421 7 52491340

			E-mail: stankoviansky@savba.sk

�Development of a Process-Based Ephemeral Gully Erosion Model



Street, L. 1, Quinton, J.N. 1
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Increasing awareness of the importance of ephemeral gully erosion as a source of sediment has highlighted the need to model gully erosion characteristics.  Given the impact of gully erosion on both agriculture and the wider environment, improved models are needed to  predict more accurately soil loss and gully dimensions.  Past gully erosion models have been predominantly empirically-based and model the gully in isolation.  More recently, process-based models have adopted an integrated approach, capable of predicting the spatial distribution of runoff and sediment during individual storms, as well as total runoff and sediment yield.  However, current models neglect gully headcut and sidewall processes, from which the majority of sediment is derived. 

A new ephemeral gully erosion model is currently in development.  The dynamic, distributed model, which includes both headcut and sidewall processes is being developed as a component of the European Soil Erosion Model (EUROSEM), and is intended as a tool to simulate runoff, soil loss, and the development of existing gullies.  Current work focuses on the derivation of the sidewall process submodel from existing bank failure theories, using a critical shear-stress concept to account for lateral erosion, and slope stability criteria for mass failure. This approach will account for changes in gully channel geometry due to lateral erosion prior to mass failure, and will also model consequent impacts on flow characteristics.
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�The causes of gully erosion on mountain pastures



Strunk, H. 1
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In the northern and southern Limestone Alps, Lithic Borofolists, soils in a thick, peat-like organic surface layer, are widespread in the belt of subalpine vegetation. As these organic layers are intensively permeated by tree and scrub roots, they offer considerable mechanical resistance against soil erosion. Thus, loose sediments even on the slopes are stabilised. The most important quality of the Lithic Borofolists, however, is their field capacity of more than 600 % of the dry weight. Thus, these soils are not only able to reduce the erosive effects of heavy rainfall but also have a balancing influence of the water budget of forests and the discharge of mountain torrents. Forest fires, clear-cutting or overgrazing by cattle and horses, however, could result in the collaps of the eco-system within a very short period of time. In our study area, the valley heads of Altprags and Innerprags in the Dolomites of Prags in Italy, it seems probable that the grazing of horses since the early eighteenth century has been the stimulating factor for gully erosion. Overgrazing and trampling of the cattle lead to a rapid degradation of "Lithic Borofolists" and

thus cause a decrease in field capacity to 25 % of its original value. Continued overgrazing entails the total destruction of the humic layers and the formation of "Histic Rendzinas" which are of widespread occurrence in the area today. Their field capacity is minimal with values ranging between 6 to 13 % of that of typical "Lithic Borofolists". Consequently, on such soils the rainfall of an average thunderstorm may set off debris flows from the slopes and cause overland flow and erosional features on the slopes and the valley bottoms as well. Overland flow, loaden with enormous quantities of silt, leads to an extensive siltation of the pastures on the valley bottom and thereby to the reduction of the infiltration capacity of the "Histic Rendzinas" to measurable values near 0 %. Down into the valley the overland flow will be concentrated in shallow depressions, where it causes the erosion of steep-sided gullies. Even a beaten track of hunters in a forested area led to the formation of a deep gully during a thunderstorm in 1981. The initial formation of gullies on beaten tracks starts with the formation of pools behind tree roots which cross them. The development of a new gully in this way is kept under observation since 1990.
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�Application of the MEDRUSH model for a hilly catchment in Hungary
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How will the soil erosion regime change taking global climate change into account? The present paper tries to find an answer to this question by applying the MEDRUSH model.

The MEDRUSH model was elaborated by the MEDALUS teams of the University of Leeds and King’s College, London. The original version of the model was created for mediterranean hilly catchments. Within the framework of the MEDALUS III project, it was calibrated for Central European conditions.

Meteorological, runoff and soil loss data of the Csákvár Soil Erosion Station of the Geographical Research Institute of Hungarian Academy of Sciences (GRI-HAS) and those of the Örvényesi-Séd catchment area were used for the calibration.

Daily and monthly meteorological data series were used for the weather generator. Data series of Mencshely characterise the present climatic conditions. Data series of Pápa were used to describe the conditions of a global warming of 0.5 ºC. 

The model was run for a period of 60 years. The output log file was programmed for the following parameters: sediment yield, amount of water infiltrated; subsurface flow, runoff and depth of unsaturated soil layer.

The following results were obtained by the application of the MEDRUSH model for the Örvényesi Séd catchment: A precipitation decrease from 568 mm to 479 mm, was shown by applying the weather generator for a global warming of 0.5 ºC. With reduced precipitation amount various trends of runoff regime could be detected in the study area. In the case of natural or seminatural vegetation, no long-term change in runoff could be forecasted. A more varied picture could be observed for areas of agricultural land use and of different relief conditions. Where the relief is low, increased runoff is predicted, while in the pastures and vineyards the trend of runoff is expected to follow that of precipitation. As far as infiltration is concerned the increase of mean temperature is accompanied by a 20 mm reduction of infiltration. There are significant variations of sediment yield in the different parts of the catchment. Where seminatural vegetation prevails, the currently low amount of sediment yield tends to increase (from 2 mm/60 years to 2.5 mm/60 years). This alteration is explained by the reduction of vegetation cover. In the central part of the basin, where the relief is low, no difference could be found between the present climatic situation and the scenario for 0.5 ºC global warming.  
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�The effect of tillage-induced roughness on runoff and erosion patterns
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In agricultural areas tillage-induced roughness may have a large impact on the runoff pattern and therefore also on the effective slope and local contributing areas. Consequently erosion patterns are also affected. A model was developed to create a runoff pattern with flow directions in direction of the plough-lines for all tilled fields within a catchment. The model needs a digital elevation model (DEM), a landuse map and the major tillage orientation per tilled field as input. Optionally the flow direction of roads and/or channels can be superimposed on the drainage network. The model calculates flow directions along parcel borders and creates headlands along borders that are not parallel to the tillage direction. The model also calculates the slope in flow direction. The created ‘tillage runoff pattern’ can be combined with the topographic runoff pattern if decision rules are available to chose between topographic or tillage direction. 

It is shown that the tillage runoff pattern can be very different from the topographic pattern, leading to totally different patterns of slope and contributing area. The use of the tillage-controlled runoff pattern rather than the topographically controlled runoff pattern in a deterministic, event-based model (LISEM) results in a much better agreement of the predicted runoff and erosion pattern with field observations. However, it is also shown that accurate model predictions can only be obtained if the input DEM is accurate enough to represent local topographic variations in the fields. 
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�Soil erosion data under Mediterranean conditions using rainfall simulator, field erosion plots and CS-137 technique.
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An integrated  approach has been adopted to study soil erosion under Mediterranean conditions. This is based on portable rainfall simulator studies, on data from standard length (22m) experimental erosion  plots and on data using Cs-137 technique.

Soil responses to rainfall intensities of eight different soils in the Viotia area have been studied. For this a portable rainfall simulator similar to that described by Bowyer-Bower and Burt (1989) has been used. Ponding time was recorded and runoff and sediment  yield were monitored for thirty minutes after ponding. The sediment yield and runoff water were analyzed for N, P, and K content. An experimental erosion field  with nine plots of standard 22m length and slope about 7o was established and  three treatments were studied, i.e. winter wheat, fallow land and bare (herbicide treated) land. The Cs-137 isotopic technique has also been developed in order to estimate long term soil erosion rates by defining the Cs-137 profile percentage residuals in relation to the local Cs-137 input inventory.

Erosion data from the rainfall simulator show a high variability even in the same field and with the same rainfall intensity. Runoff initiation time, total sediment yield, total runoff water, sediment yield and  runoff water during rainfall vary a lot. With rainfall intensity of about 80 mm/h and with a duration of 30 minutes after runoff  initiation, it was found that the ponding time  in the eight (8) fields studied  varied from 1.8 to 12 minutes. The percentage of the rain water washed away varied from 30 to 71% of the rainfall. The soil erosion rates varied from 1.1 to 3.8 tn/ha. The nitrates in the runoff water varied from 1.7 to 19.5 kg/ha. The total K measurements in the runoff water varied from 0.63 to 1.98 kg/ha, while the P concentrations from traces to 69g/ha.

During the first year of the permanent experimental erosion field, runoff water and sediment yield data showed a high variability during the winter wheat growing period. This probably depends on the rainfall pattern  and intensity as recorded by the rainfall gauge and the stage of vegetation growth. Indicative measurements for a period of 48 days in early spring (March-April) 1999, with about 200 mm  total rainfall, were total runoff rates varying from 1.19 m3/ha in the fallow land to 1.4 m3/ha in the wheat and 2.37  m3/ha in the herbicide treated land. The soil erosion rates for the same period were 5.23kg/ha for the wheat, 1.89 kg/ha for the fallow land and 2.77 kg/ha for the herbicide treated (bare) land.   

The erosion and deposition rates, based on Cs-137 technique, were estimated using the proportional and the simplified mass balance  calibration models developed by Walling and He (1997). Predicted erosion and deposition rates depend on the location of the profile studied in the landscape, and are determined by the soil plough depth, the soil structure and the model used to convert Cs-137 measurements to estimates of soil redistribution rates. Estimated erosion rates for the Mouriki site, Viotia area, varied from 16.62 to 102.56 t ha-1y-1 for the top slope soil profile and from 5.37 to 25.68 t ha-1y-1  for the middle of the slope soil profile. The deposition rates varied from 7.26 to 42.95 t ha-1y-1  for the bottom of the slope soil profile.
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�Controls on donga (gully) erosion and sedimentation in South African alluvial terraces and fans



Tooth, S. 1, Hancox, P.J., McCarthy, T.S., Brandt, D.
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Throughout South Africa, thick alluvial successions are preserved in river terraces or alluvial fans.  In many locations, these landforms are currently being dissected by ‘dongas’ (gullies).  Donga erosion has commonly been attributed to poor land management by indigenous peoples or European settlers, but investigations of the stratigraphy and sedimentology of alluvial deposits exposed in dongas provides evidence that: 1) several phases of donga erosion and sedimentation have occurred during the late Quaternary; and 2) in many areas, the present phase of donga erosion predates the advent of European farming or indigenous population expansion.  This suggests alternative controls on the location, spatial extent, and timing of donga erosion and sedimentation.

Prime examples of alluvial deposits dissected by dongas are provided by terraces of the perennial Modder River at Erfkroon, Free State, and by the Maandagshoek fan, which is a tributary of the seasonal Moopetsi River, Northern Province.  The exposed stratigraphical and sedimentological relationships reveal evidence for numerous phases of erosion and sedimentation along these two rivers during the late Quaternary, which have been associated with concomitant phases of donga erosion and sedimentation in the terrace and fan sediments.  At Erfkroon, the present pattern of extensive dongas draining to a deeply-incised river suggests that donga erosion is probably initiated by base level fall along the Modder.  In contrast, donga sedimentation is probably initiated by base level rise resulting from deposition along the Modder.  Both backflooding from the river and sheetwash from the surrounding alluvial surfaces probably play a role in supplying the dongas with sediment.  At Maandagshoek, the dendritic pattern of dongas on the fan surface suggests that the current phase of donga erosion was initiated by base level fall along the Moopetsi and subsequent knickpoint migration along the channels draining the fan.  However, donga erosion may also be associated with fan-head trenching.  At this location, donga sedimentation is probably associated with renewed deposition along the channels and on the fan surface as a result of changes in runoff and sediment supply.

During the Quaternary, base level fluctuations along rivers such as the Modder and Moopetsi have probably been controlled dominantly by climatically-driven changes in runoff and sediment supply, but with complications arising from progressive knickpoint migration resulting either from the large-scale Neogene uplifts of the southern Africa subcontinent, or from the breaching of local base levels created by resistant lithologies.  Clearly, in some instances in South Africa, donga erosion is not necessarily a result of poor land management, but a natural process closely controlled by local base level fall along river systems.
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�Some Further Equation for High-Rate Gully Erosion
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In order to include ephemeral gully erosion in models describing within-storm dynamics of soil erosion (such as EUROSEM, Morgan et al. 1998), the processes of new gully generation and  gully erosion during peak discharge must be defined mathematically. Here an attempt at producing some physically based equations is presented.

A gully is first generated and then further eroded during the causative storm. Subsequent storms continue to make the channel’s evolution. Between storms the walls further modify, first generating tension cracks and then collapsing. Hence, the channel changes its shape even further.  In order to describe gully evolution we then need a set of equations for initiating gullies another for allowing them to develop during rainstorms and a final set for describing the between-storm dynamics. 

Sidorchuk’s (1998, 1999) model presents many of the required equations. A first equation introduces gully width on an empirical basis (width being a power function of discharge). The erosion equations allowing for gully growth and those for taking the effect of wall dynamics into account are also given. A more recent approach by Kirkby and Bull (2000) presents a set of equations for describing gully growth based on network development on slopes. This model is based on equations developed for working with total rainfall amounts and is consequently inadequate for our purposes.

This paper aims at finding a set of equations able to replace the empirical ones used for gully initiation and gully erosion during peak time. 

When the width of the gully coincides with the flow width and runoff discharge is erosive, the erosion processes are dominated locally by the processes within the channel. In this paper we suppose that the erosion rate within the channel is large with respect to lateral sediment inflow. If the erosion rate is large and the flow is turbulent very little can be deposited within the channel, hence also deposition of transported sediment will also be considered nil. The only process still left contrasting with the deepening of the channel is the sediment input from the side-walls. Hence the channel widens because the flow is undercutting the walls and (here is another assumption, similar to that already expressed by others, e.g. Styczen and Nielsen, 1989) all the soil above the undercut slice is removed at once. The wall material is then redistributed uniformly over the channel width where it has to be removed anew by the flow (hence the widening of the channel is competing with the deepening of it). 

When these sentences are transformed into equations it can easily be deduced that:

channel width increases as the square root of discharge rate (in agreement with many relationships found for rivers (see Knighton, 1996, pp. 88-104), the correct parameter for describing flow erosivity is stream power: the use of bottom shear stress leads to inconsistent results.

The equations have been merged into a very simple model. The results show that the proposed algorithm may  produce realistic gully profiles.
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�Ephemeral gully erosion in agricultural land in north west of Spain.
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The objective of this study was to describe different types of ephemeral gullies and to determine their origin, evolution and importance as sediment sources in the loamy soils of the Ordenes Basin (A Coruña Province, NW Spain), where these is a common type of water erosion. The investigations extended over three consecutive years, 1996/1997, 1997/1998 and 1998/1999. The slope of the studied hillslopes and little elementary catchments ranges between 4 and 17 %. The climate is Atlantic with an annual rainfall about 1200-1500 mm, although interannual variability can be quite large. The main crops are maize, sown during the spring and grassland sown at the beginning of the winter. Case studies where field were left bare after moldboard plow are also presented. Basic information was obtained through cartographic surveys of the concentrated erosion (rill + gully) system. Ephemeral gully erosion takes place mainly on newly tilled soils and most of the cases observed and analysed occur in later spring and by early winter rainfall, but the critical period for gully formation is any time when the soil surface remains bare and short intense rainfall events occur. Ephemeral gully erosion has caused significant soil losses, locally over 20 m3/ha/year, which is above tolerable levels. Conventional tillage practices and seedbed preparation caused gully occurrence, whereas the maintenance of vegetation cover completely prevented their formation. Agricultural operations significantly affect gully development, as tractor wheelings and drill lines often act as initial axes of erosion. The study of the development of the gully system in time showed that main gullies tend to reappear at the same position. 
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�Influence of land use changes on the intensification of gully erosion in a semi-arid mountainous environment.
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This paper presents an analysis of the interaction between environmental changes and the occurrence of gully erosion in a semi-arid mountainous catchment, located in the Austro Ecuatoriano, Ecuador. The catchment of Santa Isabel has a surface area of 900 ha and is characterised by a strong precipitation gradient: annual precipitation is ca. 450 mm at the highest points and decreases to ca. 200 mm at the outlet of the catchment. Land use in the catchment is highly dynamic: over a time period of 25 years ca. 83 ha of arable land were abandoned while ca. 70 ha were newly taken into production. New irrigated lands are mostly located in the lower semi-arid parts of the catchment on gently sloping convex areas. These areas are preferred because of better conditions for plant growth, but are also sensitive to erosion. 

The analysis of aerial photographs from different dates showed an intensification of gully erosion on the uncultivated steep slopes adjacent to the newly irrigated lands. At present, one quarter of the area (i.e. 35 ha) that was affected only by sheet and rill erosion 30 years ago is incised by deep gullies. This strong increase in gully erosion intensity is not related to the change in land use as such. The formation of most gullies is directly related to the spillover of water from irrigation channels. Thus, in this case, the increase in gully intensity is mainly related to the inadequate construction and management of human infrastructure, a factor often overlooked in studies of the effects of environmental change on geomorphological processes.
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Gully erosion is a widespread process of land degradation in Mediterranean Europe, but little is known on the present and past activity of these erosion phenomena.  Traditional methods for studying gully retreat rates include field monitoring of headcuts at a short-term time scale, and aerial-photo interpretation of gully retreat at a medium- to long-term time scale.  Dendrogeomorphological dating methods of geomorphic processes, such as mass movements, aggradation processes, debris flows, avalanches and fluvial processes are well known, but there exists no methodological framework to study gully erosion. This paper develops and applies a methodology based on dendrochronology to determine gully erosion rates in southeast Spain.  The development of such a methodological framework was based on field observations of gullies where the presence of trees with datable deviations of the normal growth pattern revealed information on the history of the erosion processes.  Parts of the tree identified as datable objects include roots exposed by erosion, browsing scars by ungulates on exposed roots or on aboveground parts of fallen trees, exposed and dead root ends, root suckers, and stems, branches and top shoots of fallen trees.  A sequence of trees within a gully was also considered as a potential dating tool.  The methodology is based on the differentiation between three main cases depending on the relation between the dynamics of the datable object (part of the tree) and the development of the gully.  In the first case, the datable object was created before erosion of the gully volume to be dated, e.g. exposed tree roots.  In the second case, the datable object developed as an immediate consequence of the erosion event, e.g. growth reactions of a fallen tree.  In the third case, the datable object was created some time after the erosion event took place, e.g. trees colonising the gully bed.  Each principle has consequences for the accuracy and the correct interpretation of the estimated erosion rate, i.e. whether the true erosion rate is under-estimated, exact or over-estimated.  Gully sites have been selected where these principles were applicable.  Tree samples were taken and corresponding gully volumes were measured.  The calculated gully erosion rates have been interpreted, related to geomorphological site characteristics and compared to erosion rates for similar gullies in the same study area obtained by other methods, including headcut monitoring and aerial-photo interpretation.
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Most current distributed erosion models do not take into account the effects of ephemeral gully erosion. In this paper, a new event based model, using PCRaster, has been developed to simulate ephemeral gully incision and ephemeral gully development. Critical threshold values for the combination of upstream area (A) and slope (S) were determined to define where initiation of gullies will occur. In this model ephemeral gullies initiate at the point where the critical S-A threshold is most exceeded in the first timestep. From the initiation point, gullies grow up- and downslope, depending on the amount of erosive rain at a given timestep. Area-specific relationships between peak discharge and gully width, derived from both laboratory and field measurements, are used to calculate gully width within the model. Soil erosion volumes simulated by the model are validated with field data from a small catchment in the Belgian loess belt.
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�Overland flow and gully initiation in a tropical rangeland area



van Loon, E. 1, Sterk, G. 1



1 ESWC-Group, Dept. Of Environmental Sciences, Wageningen University, Nieuwe Kanaal 11, 6709 PA Wageningen, The Netherlands





Gully initiation is relatively easy observed and its areal density can be used as an indicator for recent soil erosion. However, it does by itself not provide information about erosion causes and it is difficult to use information about gully initiation in dynamic models. This study presents a method to use information about gully initiation jointly with an overland flow model to explain erosion in a tropical rangeland area. Terrain features and hydrological fluxes have been monitored over three years in a catchment, located in Northwest Costa Rica. On the basis of these data a dynamic description of overland flow is derived. This model is subsequently used to calculate overland flow depth for a larger region, using historical weather data (thirty years) and terrain information derived from both aerial photographs and ground surveys. On basis of the survey information also the occurrence of gully initiation is established. It appears that gully initiation occurs after exceeding a critical overland flow depth. This can be interpreted as the critical shear stress being constant over the study area and the instantaneous shear stress being related to overland flow depth. Using these assumptions a statistical model for gully initiation is proposed as the cross section of a normal distribution of critical shear stress, and an empirical (gamma-like) distribution of overland flow depth. The model is calibrated and partially validated for the study area.



Key words: gully initiation, overland flow, statistical modelling, erosion



Corresponding author:	Emiel van Loon

			ESWC-Group, Dept. Of Environmental Sciences

			Wageningen University

			Nieuwe Kanaal 11

			6709 PA Wageningen, The Netherlands

			Tel: +31 317 482754		Fax: +31 317 484759

			E-mail: emiel.vanloon@users.tct.wau.nl



�Contemporary extent and predicted future potential of gully erosion on agricultural land in Russia.



Veretennikova, M.V. 1, Zorina, E.F., Kovalev, S.N., Lubimov, B.P., Nikolskaia, I.I., Prokhorova, S.D.
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One of the most convenient parameters for the assessment of detrimental effects of gully erosion on agricultural land is believed to be the ratio of the total gullied area (total area within gully perimeters) to the total area of agricultural land. The Laboratory of Soil Erosion and Channel Processes, Moscow State University, has developed a method to calculate both contemporary and possible future gullied areas under an existing type of land use and performed calculations for the European part of Russia. 

Data on sizes of gullies of different types obtained from large-scale topographic maps for certain key regions with different natural conditions were used for calculations along with results of direct observations and measurements of gullies from various territories of the European Russia. In addition, information about a gully density and a number of gullies per unit area was taken from previous editions of special thematic maps. Having combined values of the contemporary and potential gullying, thematic maps were created showing a net of regions with different degree of gully erosion potential and its realisation.

The Analysis of the spatial distribution of gullies has shown that gullies form in most of the natural zones. However, the highest extent of gullying has been found in areas of the longest and most intensive agricultural land use, such as southern forest-steppe and steppe zones of the European Russia. Areas affected by gullying significantly decrease both to the north and to the south from those as a result of diminished human influence and changes in natural conditions.

The potential of gully erosion is minimal in plain areas of deserts and semi-deserts and in lowlands of tundra, forest-tundra and forest zones. Sharp growth of the gullying potential is observed in regions with higher topography range and precipitation. Well-developed net of dry valleys (balkas) and widespread presence of easily eroded soils and rocks are also favorable for gully development.

The comparison of maps of the potential and contemporary extent of gully erosion has shown that gullying can further develop in certain areas of European Russia with favorable natural and antropogenic conditions. It is very important to take into account the difference between potential and contemporary gully development when designing means to prevent harmful effects of gullying for territory development plans, hydrotechnical and meliorative works, etc. The results presented in a series of maps and a final report are of great value for land owners and decision makers responsible for the organisation and management of all types of land use.
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�Results of the gully erosion monitoring 
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Processes of gully development have been monitored during the last 20 years by the research group from the Laboratory of Soil Erosion and Channel Processes, Moscow State University. The gully chosen for regular observations is typical for the case study area. Main river valley slope cut by the gully is slightly convex with an average steepness of about 10º and north-western aspect. Length of the gully is nearly 450 m. It has a permanent stream in the lower third of its length, which drains directly into river. Its longitudinal profile is also slightly convex, resembling a shape of the slope it has formed on. Gully crossection changes from rectangular in the upper reach through V-shaped in the middle reach to U-shaped in the lower reach. The gully has cut both few meters of the Quaternary drift and underlying bedrock comprising layers of limestone, clay, dolomite and marl.

Observations have been carried out during spring time on annual basis, as it is believed that snow-melt runoff plays a major role in gully development in forest zone. Measurements started with a commencing of runoff in the gully head and continued until its cessation. Flow discharge and suspended sediment load have been measured according to conventional methods.

Monitoring has allowed to establish the following characteristics of the snow-melt water and suspended sediment runoff in gullies:

Snow-melt runoff hydrograph is highly influenced by a type of spring conditions. Depending on those, peaks of water and sediment discharge may either generally coincide in time (in case of gradual snowmelt) or have significant time lag (in case of abrupt snowmelt). In second case the highest runoff occurs when topsoil is still frozen, and, thus, energy exerted by flow to its bed is not enough for erosion to begin. 

Hydraulic characteristics of the water flow in gullies differ significantly from those of lowland rivers, which result in higher suspended sediment load of gully streams comparatively to rivers.

The Manning roughness coefficient (n) calculated using the Manning equation from the measured data vary for different stretches of the gully in a range of 0.03-0.08.

Width to depth ratio of gully stream channels vary in a wide range of values – from 50 under low water discharges to 8-10 under discharges exceeding 0.3 m3/s.

Landforms being formed in a gully bottom by the water flow are similar to those formed in river channels but in much smaller scale. Channel landform system transformations as well as deformations of a gully fan and mouth can be characterized as a dynamic unstable process.

A gully draining directly into main river exerts a significant influence on it, usually increasing both suspended and bed sediment load and its average grain size. Coarse sediment deposition on a gully fan leads to its growth and undercutting of the opposite bank of the river, towards which the river current is being deflected.
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�EGEM, Next Step



Woodward, D.E. 1
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Natural Resources Conservation Service (NRCS) developed the Ephemeral Gully Erosion Model (EGEM) in 1988.  EGEM is an outgrowth of Ephemeral Gully Erosion Estimator (EGEE) developed by John Laflen of Agricultural Research Service (ARS) in 1986.  EGEE was developed as a research tool for estimating ephemeral gully erosion.  NRCS made further development to make EGEE a computer program for field office use.

NRCS conducted limited field test of EGEM using data from 14 states and provided training in the use of the model.  A second version of EGEM based on the field test and the training was issued.  A reorganisation of NRCS in 1994 limited further development.

The Catholic University, Leuven, Belgium, used EGEM in 1998 for ephemeral gully erosion work in Spain, Portugal, and Belgium with limited results.  They have been making additional analysis of the theory and application of EGEM.

NRCS has developed a long-range plan to provide a computer program to estimate ephemeral gully erosion by 2002. This means that additional development is needed.  After a meeting of NRCS, ARS and representatives of Catholic University in Oxford Mississippi in 1999 a plan was developed to help NRCS meet their goal involving all interested parties.  The International Symposium of Gully Erosion under Global Change will be the next step in this process.
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�Approach to evaluation of spatial regularities of gully erosion in Middle Volga Region (Russia).
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Study area (150000 km2) is located in the basin of Middle Volga (Russia) and represent the landscapes of boreal ecotone at its south border in the contact with steppe zone. 3330 river basins and 4000 landscape units were investigated in the area. Period of the most intensive agriculture on Middle Volga began 200 years ago. Archive materials (hand-written books) and detailed maps made by the results of General Boundary-lining of Russia in 1800 testily to it. According to these maps the maximum removal of woods and ploughing of the territory correspond to the typical Southern Forest-Steppe and Boreal landscape zones. During last 200 years arable lands have increased here on 40-60% and comprise 80-85% of basins' square. In Subtaiga region this part is a little bit less: 65-70%. Taiga zone, were woods still occupy 50-65% of the territory, is agriculturally least developed of all.

The complexity of land cover and first of all vegetation and soils, is determined by continuum of climate gradient, geomorphological heterogenity and anthropogenic land use during last centuries. The purpose of the investigation is to divide the territory into units according to its native heterogenity, evaluate degrees of fragility of ecosystems, soil and gully erosion to human activities and appraise possibilities of land use in strategic perspective. The content of basic information in this scale include: topographic base, multyspectral airspace images, landscape and component maps, cadastral information, which quite easily can be- transformed without loosing information to the mesoecale maps (l: 100 000 – 1: 50 000). The estimation of factors determining gully erosion is made from two positions: basin principle and belt structure.

Usage of GIS gave a possibility to establish for the first time regional natural laws of soil and gully erosion for the territory of Middle Volga, to conduct regioning of the process and to construct its quantitative model. To estimate gully erosion the full-blocked specialised erosion GIS was created. Database on soil erosion factors includes more than 40 parameters. As a substratum of visualisation of data in thematic maps, the electronic map of basins borders with individual numbers was created. Besides, for the part of the territory (60000 km2) we succeeded to make up a digital model of relief by the map with a scale 1:200000 and a vectorised "layer" with areas of soil erosion development. Laws of tillage erosion development from relief morphometry in region were revealed by methods of neuron net. Thematic electronic atlas "Soil Erosion on Middle Volga" including more than 100 thematic maps was made up.

The second approach dealt with definition of spatial organisation of erosive process in borders representative watershed. It was established, that for basins of the third order and higher when the ploughed area is more than 70 %, the structure of erosion is given in a form of belts. Each of the belts has a different intensity of soil erosion. We have made a quantitative estimation of soil erosion intensity in each belt of erosion for basins with a high degree of agricultural reclamation. This approach allows to more correctly spatially organise the system of soil protection measures in river basins and to maintain.
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�Gully erosion monitoring with remote sensing data in Tambov plain region
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Global Change (soil degradation, climate change and environment deterioration) and intensive human agricultural influence have provoked  drastic  changes in the kind and intensity of erosion processes even in such a flat area as Tambov plain. Tambov plain is located some 600 km to the south from Moscow and has the steepness of the slopes on watersheds near  0,25% and less on the average. The depth of erosion division is 20 - 40 m. The density of gully erosion, measured on the 1 : 300000 topographic map ( 1969), was 0,39 km/ km2. Mean annual temperature here is 4,60 C, and mean annual precipitation are near 450 mm. And nevertheless water is the main agent of soil erosion.

In our investigation we have used two sets of MSS images: Landsat ( April, July and September 1976) and Cosmos 1939 (August and October 1988 ). Lansat images were enlarged up to the scale 1: 250000. Initial scale of Russian MSS images was 1 : 250000. The density of gully erosion on Landsat images were 1,04 km/km2. Extremely useful for the estimation of gully erosion density was April 1976 Landsat image, where all the gully bottoms (including 250 m in length) were marked by the snow. Twelve years period did not add something substantial to the value of gully erosion density: it is 1, 03 km/ km2 on the 1988 images. But on these images (1988) we can clearly recognise the increasing of sheet erosion areas close to gullies. If on the 1976 images the sheet erosion areas occupy only 0,65% of the watershed, on the 1988 images these areas were almost doubled (1,23%).

Such results of space monitoring are very unfavourable for this agricultural region with very productive chernosem soils, and we are strongly in need of sound sustainable land management practice in local agricultural practice in order to prevent this tendency.
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�Gully erosion in the Russian Plain and effective method of fixation of gullies
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In Russia gullies occupy 1.7 billion ha of many regions territories especially in the right shores areas of large rivers such as the Volga, Don, Ob. As to plains, there is the most density of gullies in the chernozem zone of the European part of Russia. Annual increase of the gullies area is 0.8-1.0 %. According to our research, in 1970 – 1990 annual increase of gully tops at length averaged in the Syrtov Zavolzhie: 0.4-0.5 m for shore gullies, 1.5-2.0 m for slope ones, and 2.0-2.5 m for bottom gullies. Average annual increase of slope gully length is 2.5-3.0 m in the right shore region of the Don. The extent of gullies amounts to 1/3 of slope length.

The main reasons of growth of gullies are felling the forests, ploughing the steep slopes, overloading the pastures by livestock. These reasons act under nature factors: high intensity of snow melting and heavy showers, and low anti-erosion stability of soils.

Many years research defines that the most effective means to struggle against gullying are regulating surface runoff over the whole columbine, non-admission of runoff concentration into large flows. It is possible that separate growing tops of gullies can be fixed by technical and biological means. To combine the fixation with husbandry use of gully area is a more effective way.

Method and technology of radical reclamation of gullied lands, permitting to return abandoned lands into intensive husbandry rotation, have been developed in VNIALMI. This technology includes regulating runoff on gullied area with the system of ground water-controlling embankments, grading the slopes of gullies up to steepness permitting movement of tractors, soil cultivation across the slope, forest amelioration, fertilisation differentiated over area, use of a recultivated plot under soil protective crop-rotation. Deep gullies are forested jointly with the bulldozer filling up the slopes with ground taken from a gully side strip. In the forest-steppe and forest zones, a modernised forest-fire milling aggregate ALF-10, throwing the mixture of soil, seeds, herbicides on gully slopes, is applied. It is effective to forest deep gullies having steep slopes (2 – 3-d stage of development) using our technology based on application of the directed explosion of concentrated charges. In this case, levelling the slopes is combined with sowing of seeds of grass or trees, as well as with other components (Patent of USSR N810117). In some events, tops of northern regions gullies are fixed with ice chutes (Patent N1400524), with inclined water escape wells filled with slag (Patent N1356076). Forestation of gullies with application of alive stumps of root sucker breeds being obtained while uprooting forest (Patent N1271388). Method of forestation the steep slopes on the base of utilisation of threadbare tires is also applicable (Patent N2116709).
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