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Abstract. A small portable wind tunnel has been developed to achieve a better understanding of the
relationship between water and wind erosion. With this wind tunnel several test runs both on fallow and
arable land have been conducted at Maria de Huerva, Spain. To better represent the typically applied dry
farming system, the soil surface treatments ploughing, harrowing and rolling were chosen. Additional
tests were carried out on undisturbed crusted soil and on soil which had been disturbed by sheep
trampling. The results of these tests show, that it is possible to gain verifiable data with this fairly simple
device.

INTRODUCTION

Water and wind erosion are the main driving factors for soil degradation and
desertification in semi-arid landscapes. Although, in most areas, soil erosion by water is
assumed to be more important than by wind, the exact ratio between both is mostly
unknown. With different soil surface conditions, for example physical soil crusts,
trampling by grazing flocks, ploughing, harrowing, and rolling, this ratio can change
significantly. To achieve a better understanding of the relationship between both factors,
a small and portable wind tunnel has been developed during this project. The main
objectives of the work are:

e Determination of the wind erosion risk of different soil surface conditions on
silty soils in the Central Ebro Basin, Spain.

» Registration of the ratio change between wind and water erosion due to the
different soil surface conditions

METHODOLOGY

1. Wind tunnel

The wind is generated by a fan with 5.5 hp, 163 cm?® and a two wing propeller. Its wings
can be variably adjusted to different angles to change both the wind power and wind
speed. The turbulent rotating air stream is caught by a 2 meter long transition section
(figure 1) which is made of strong PVC-foil (thickness = 1 mm). This section should be
long enough to reduce the largest turbulences from the air stream.

To further straighten the air stream a 15 cm long air-straighter follows (figure 2). Its
honeycomb structure is made of 289 PVC-tubes each 4 cm in diameter.

The 3 m long tunnel itself is made of three separate (1 m long) sections of aluminium
and perspex sheets which can be folded up for transport (figure 3). The sheets are
stabilized and connected by three aluminium frames. The bottom of the tunnel is open
and creates a 2 m? test area.



The sediment output from the test area is caught by the Sediment catching area which is
made of usual canvas cover (tarpaulin) with a base of 3 x 5 meters (figure 4). For
stabilization of the vertical boundary wood poles (1 m side and 1.5 m back) were wired
together. An overview of the built-on tunnel is shown in photo 1.
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Figure 2:Air Straighter

Figure 3: Wind Tunnel Figure 4: Sediment Catching Area

Photo 1: Wind tunnel in Maria de Huerva, Spain



2. Soil surface treatments

Soils within the Ebro Basin generally have very high silt contents (> 50 % [1]).
Therefore soil sealing and crusting occur frequently on abandoned fields. To store more
water in the soil for the growing season, farmers use a special dry farming system.
During the fallow stage, they first plough and harrow their fields to increase the
infiltration of rainwater, before rolling their fields to seal the soil surface against
evaporation loss. The applied soil surface treatments in the test runs are chosen to
represent this typically applied dry farming system. An overview of the soil surface
treatments is given in figure 5.

Ploughed soil surface Harrowed soil surface Rolled soil surface

Figure 5: Soil surface treatments

Another cause of the destruction of the crusted soil surface on abandoned fields is
grazing flock (photo 2). Tests were carried out with simulated sheep trampling to
represent this common process. For further differentiation on the effects to wind
erosion, the sheep trampling was simulated both before and during the wind erosion
tests.



Photo 2: Wind erosion by grazing sheep in Maria de Huerva, Spain
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Figure 6: Mean results of 29 test runs with the small, portable wind tunnel
(according to REHBERG [2])

Column 1 of figure 3 shows that the sediment output by wind erosion on crusted soil
surfaces is almost negligible. Due to the soil sealing and the fixing of fine soil particles,
this result corresponds with our expectations and the results from previous studies of
HUPY [3] and RAJOT, ALFARO, GOMES & GAUDICHET [4]. Remarkably,
although the soil crusts were clearly destroyed by sheep trampling, the increase of
sediment output in calm wind conditions cannot be interpreted as significant (column 2).
If trampling is simulated during wind erosion events, the sediment output increases



significantly by more than 10 times the particle deflation of crusted soils (column 3).
The average output amount of about 15 g/m? is comparable to the average output on
arable land (columns 4 to 7). The increase in sediment output from ploughing to
harrowing and rolling is corresponding to the reduction of soil surface roughness. It
reaches quantities similar to the amount of particle output through water erosion on
crusted soils in the Ebro Basin [5, 6].

CONCLUSION

Even if this fairly simple device is not able to simulate all of the aerodynamic
parameters which are necessary to represent exactly the natural wind conditions, the
mobility together with the capability to produce verifiable data from different surface
conditions recommend its utilisation. Due to the probability of mistakes in the
experimental design, only results which are statistically significant should be
interpreted. Therefore farmers have to decide whether they want to minimize their
hazard of water erosion through ploughing and increase wind erosion or vice versa.

REFERENCES

[1] Seeger, M., Boden und Bodenwasserhaushalt als Indikatoren der Landdegradierung auf
extensivierten Nutzflichen in Aragon/Spanien, Freiburger Geographische Hefte, 63, Phd. Thesis,
University of Freiburg, Department of Physical Geography, Freiburg /Breisgau (2001)

[2] Rehberg, C., Erfassung und Beurteilung des Sedimentaustrags durch Wind auf ausgewdhlten Brach-
und Ackerflichen in Aragon/Spanien, Unpublished Master Thesis University of Frankfurt,
Department of Physical Geography, Frankfurt/Main (1998)

[3] Hupy, J.P., Influence of vegetation cover and crust type on wind-blown sediment in a semi-arid
climate, Journal of Arid Environments, 58 (2004), 167-179

[4] Rajot, J.L., Alfaro, S.C., Gomes, L., Gaudichet, A, Soil crusting on sandy soils and its influence on
wind erosion, Catena, 53 (2003), 1-16

[5] Ries, J.B., Langer, M., Rehberg, C., Experimental investigations on water and wind erosion on
abandoned fields and arable land in the central Ebro Basin, Aragon /Spain, Zeitschrift fiir
Geomorphologie N.F., Suppl.-Bd. 121 (2000), 91-108

[6] Ries, J.B. & Langer, M., Runoff generation of abandoned fields in the Central Ebro Basin. Results
from rainfall simulation experiments, 65-81, In: Garcia-Ruiz, J.M., Jones, J.A.A. & Arnaéz, J.
[edrs.]: Environmental Change and Water Sustainability, Instituto Pirenaico de Ecologia; Zaragoza,
(2002)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


