
7.4 Soil erosion and trail recreation

Reduce soil erosion by locating trails on soils with low
erodibility (e.g., coarse-textured, low organic matter, low soil
moisture). Design trails to follow the contour. Use waterbars
and other measures to route runoff away from trail. Bridge wet
soils and avoid steep slopes. Consider using trail surface
materials like mulch or crushed gravel to reduce erosion.

7.4 References

Brown, J.H., Jr.; Kalisz, S.P.; Wright, W.R. 1977. Effects of recre-
ational use on forested sites. Environmental Geology. 1: 425-431.

Bryan, R. 1977. The influence of soil properties on degradation of
mountain hiking trails at Grovelsjon. Geografiska Annaler. 59: 49-65.

Burde, J.H.; Renfro, J.R. 1986. Use impacts on the Appalachian Trail.
In: Lucas, R., ed. Proceedings of the national wilderness research
conference: current research. Gen. Tech. Rep. INT-212. Ogden, UT:
U.S. Department of Agriculture, Forest Service, Intermountain
Research Station: 138-143.

Deluca, T.H.; Patterson, W.A., IV; Freimund, W.A.; Cole, D.N. 1998.
Influence of llamas, horses, and hikers on soil erosion from established
recreation trails in western Montana, USA. Environmental Manage-
ment. 22: 255-262.

Gabriels, D.; Moldenhauer, W.C. 1978. Size distribution of eroded
material from simulated rainfall: effect over a range of texture. Soil
Science Society of America Journal. 42: 954-958.

Green, D.M. 1998. Recreational impacts on erosion and runoff in a
central Arizona riparian area. Journal of Soil and Water Conservation.
53: 38-42.

7.4 Outdoor Recreation



Hellmund, P.C.; Smith, D.S. 2006. Desiging greenways: sustainable land-
scapes for nature and people. Washington, DC: Island Press. 270 p.

Hesselbarth, W.; Vachowski, B. 2004. Trail construction and mainte-
nance handbook. 0023-2839-MTDC-P. U.S. Department of Agricul-
ture, Forest Service, Technology and Development Program. http://
www.fhwa.dot.gov/environment/fspubs/00232839/. [Date accessed:
September 24, 2007].

Jubenville, A.; O’Sullivan, K. 1987. Relationship of vegetation type
and slope gradient to trail erosion in interior Alaska. Journal of Soil and
Water Conservation. 42: 450-452.

Lehvavirta, S. 1999. Structural elements as barriers against wear in
urban woodlands. Urban Ecosystems. 3: 45-56.

Leung, Y.; Marion, J.L. 1996. Trail degradation as influenced by
environmental factors: a state-of-the-knowledge review. Journal of Soil
and Water Conservation. 51: 130-136.

Manning, R.E. 1979. Impacts of recreation on riparian soils and
vegetation. Water Resources Bulletin. 15: 30-43.

Monti, P.W.; Mackintosh, E.E. 1979. Effect of camping on surface soil
properties in the boreal forest region of Northwestern Ontario, Canada.
Soil Science Society of America Journal. 43: 1024-1029.

Parker, T.C.  2004. Natural surface trails by design. Boulder, CO:
NatureShape. 80 p.

Parker, T.C. 1994. Trail design and management handbook. Pitkin County,
CO: Open Space and Trails Program. 230 p.

Roovers, P.; Dumont, B.; Gulinck, H.; Hermy, M. 2004. Visual
obstruction of herb vegetation, defining standards for natural barriers.
Working papers of the Finnish Forest Research Institute 2.  http://
www.metla.fi/julkaisut/workingpapers/2004/mwp002-60.pdf. [Date
accessed: September 24, 2007].

Settergren, C.D. 1977.  Impacts of river recreation use on streambank
soils and vegetation –  state of the knowledge. In: River recreation
management and research.  Gen. Tech. Rep. NC-28. St. Paul, MN: U.S.
Department of Agriculture, Forest Service, North Central Forest
Experiment Station: 55-60.

Smith, D.S.; Hellmund, P.C., eds. 1993. Ecology of greenways.
Minneapolis: University of Minnesota Press. 222 p.

State of New Hampshire. 2004. Best management practices for erosion
control during trail maintenance and construction. Concord, NH:
Division of Parks and Recreation, Bureau of Trails. 33 p.

7.4 Outdoor Recreation



Steinholtz, R.T.; Vachowski, B. 2001. Wetland trail design and
construction. Tech. Rep. 0123-2833-MTDC. U.S. Department of
Agriculture, Forest Service, Missoula Technology and Development
Center. http://www.fhwa.dot.gov/environment/fspubs/01232833/. [Date
accessed: September 24, 2007].

Stevens, M.E. 1966. Soil surveys as applied to recreation site planning.
Journal of Forestry. 64: 314-316.

Stohlgren, T.J.; Bull, K.A.; Otsuki, Y. [and others]. 1998. Riparian
zones as havens for exotic plant species in central grasslands. Plant
Ecology. 138: 113-125.

7.4 Outdoor Recreation



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [1728.000 1296.000]
>> setpagedevice


