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Introduction

Estonia is located near the Northern border of profitable agricultural production.
Average temperature variability is from -6.7 to 16.4°C; absolute temperature variability from -
42.6 to 34.0°C. Keeping young animals and dairy cows in uninsulated loose housing
cowsheds is spreading in the cold regions of the world. In the year 2000 there were over 50
cold cowsheds for dairy cows in use in Estonia (Veermie et al., 2001). During the past few
years several large (up to 500 animals) uninsulated cowsheds have been completed. As it is
economically more efficient to large-scale produce and to introduce complete solutions,
microclimate studies of the cowshed are required by the builders, cattle-breeders,
veterinarians and animal protection specialists.
Materials and methods

The studies were carried out in a 300 place loose housing cowshed in Torma. The
schematic layout of the cowshed and the locations of measuring instruments can be viewed in
figure 1. Measurements were taken as follows: 29" August 2002 (version I — blinds open), 7%
November 2002 (version II — left side blinds closed %, right side closed ), 6" December
2002 (version III — blinds on both sides closed, roof ridge open) and 6 January 2003 (version
IV — blinds and roof ridge opening closed, eaves openings covered with plastic strips, snow
on the roof) at points Al... E6 (1 m above floor level) and outside (1 m above ground level)
following measurements were taken: temperature (Testo 615), relative air humidity (Testo
615), air movement speed (Testo 425), ammonia (Portable gas-meter PAC III Driger),
lighting (TES 1332). The movement of air in the cowshed was visualized with smoke using

bellows.
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Figure 1. The layout of cowshed. 1 — walking area, 2 - feeding alley, 3 — cubicles, 4 - feed
storage and service area, 5 — entrance to milking parlour, 6 — exit from milking parlour,
Al...E6 - the measurement points

Results and discussion

When all the openings were uncovered, the air moved along the cowshed following
the direction of the wind. Wall-openings functioned as both inlets and outlets of air. Across
the cowshed the air movement was from bottom to top.

When wall-openings were closed, eaves- and roof ridge openings open and wind blew
alongside the building, the air movement scheme was ‘classic’. The air entered through the
eaves-openings, dropped soon lower and after mixing with the warmer air rose higher again,
towards the roof ridge. The movement of air along the length of the building was also
noticeable, following the direction of the wind outside.

In case of especially cold weather, the roof ridge openings were also closed in addition
to the wall-openings. In such cases the air movement scheme inside the cowshed became
complicated. Along one side of the cowshed the air moved following the direction of the wind
outside. On the other side, where the connecting corridor and milking parlour were situated,
the movement of air was in opposite direction. Across the building whirls were formed.
Eaves-openings functioned as inlets and/or outlets of air. Such scheme cannot be considered
desirable for air ventilation. The temperature measurement results can be viewed in table 1.

As the openings were gradually closed, the difference between the temperatures
outside and inside the cowshed grew. When the outside temperature was —23.0°C and all the

openings were closed, the air temperature inside the cowshed fluctuated by 6.7°C. The



average indoor temperature -9.2°C differed from the outside temperature by 13.8°C. The air
humidity measurement results can be viewed in table 2.

Table 1. Temperature data in cowshed

Item Version| Date |Outdoor In cowshed

Average | Max | Min | St-dev |Range
Temperature, °C I 29.08.02 | 26.4 26.2 27.0 | 25.5 0.4 1.5
I 07.11.02| 1.1 2.6 3.7 1.5 0.6 22
I ]06.12.02| -9.6 -6.2 -44 | -7.6 0.6 32
IV 106.01.03 | -23.0 -9.2 -5.3 | -12.0 1.8 6.7

Table 2. Relative humidity data in cowshed

Item Version| Date Outdoor In cowshed

Average | Max | Min | St-dev |Range

Relative humidity, % I 29.08.02 344 42.1 474 | 38.6 1.9 8.8
I 07.11.02 69.3 73.7 77.2 | 69.9 1.8 7.3
I 06.12.02 79.4 82.2 90.8 | 76.7 3.6 14.1
IV ] 06.01.03 70.1 75.7 91.8 | 52.0 9.8 39.8

With the closing of openings when all the fans were shut and the outdoor temperature
was at —23.0°C, the fluctuations of relative air humidity inside the cowshed increased,
reaching 39.8% (53.0...91.8%) (version IV). When the openings were closed, relative air
humidity did not go up as the temperature fell. Estonian Engineering Design Standards do not
deal with microclimate of cattle-breeding structures. Swedish indicators are recommending
60.0...80.0% relative air humidity for insulated cowsheds and in case of cold cowsheds the
indoor air humidity should not exceed the one outside by more than 10% (Dolby, 1989). The
results from measurements can be viewed in table 3.

Table 3. Air movement speed in cowshed

Item Version Date Outdoor In cowshed
Average| Max | Min | St-dev |Range
IAir movement speed, m/s I 29.08.02 0.6 0.2 0.7 0.0 0.1 0.7
I 07.11.02 0.8 0.2 0.5 0.1 0.1 0.5
11 06.12.02 0.2 0.1 0.4 0.0 0.1 0.3
v 06.01.03 0.3 0.0 0.1 0.0 0.0 0.1

The outside wind-speed was low during the test-periods (0.2... 0.8 m/s). With the closing of

openings the fluctuations in the air movement speeds and the average air movement speed



grew smaller. There were no areas with draught. The results from measurements can be
viewed in table 4.

Table 4. Lighting in cowshed

Item Version| Date [Outdoor In cowshed

Average | Max | Min | St-dev |Range

Lighting, lux I 29.08.02 | 29133 2099 4757 | 293 1247 | 4463
II 07.11.02 | 2570 138 328 14 88 314
I 06.12.02 | 5500 163 391 16 118 375
v 06.01.03 | 6980 21 128 8 21 121

The lighting inside the cowshed fluctuated greatly. During the last measurements, the
roof of the cowshed was under a thick layer of snow, causing the lighting to be below optimal
(120 lux). Under such conditions it would be expedient to use additional lighting also at
daytime.

The suitability of the gaseous composition of the air was calculated by the amount of
ammonia detected. At all measurement points the ammonia content was below the detectable
range of the measurement instruments (1 ppm). The maximum advisable ammonia content in
the air is 10 ppm.

Conclusion

It is possible to conclude, basing on the measurements taken, that such loose housing
uninsulated cowsheds have suitable microclimate for dairy cows in Estonian climate
conditions. However, in some locations indoor relative humidity tends to be too high. Also,
when the roof of the cowshed was under a thick layer of snow, the lighting was below optimal
(120 lux). Under such conditions it would be expedient to use additional lighting also at
daytime.

Acknowledgements

This research was supported by the Estonian Science Foundation (grants no. 5741,
5742, 6053). The authors are most grateful for the collaboration with the staff of the Torma
farm, who kindly allowed us to gather the data for this study.

References

1. Dolby, C. M. 1989. Enkla byggnader for djurproduction. Uppsala, 47.

2. Veermde I, Poikalainen V., Praks J. 2001.Cold loose housing of dairy cows in Estonia. - Animal
welfare considerations in livestock housing systems. International Symposium of the 2" Technical
Section of G.I.G.R. 23-25. October., Poland, 285-291.




<<
  /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 [612.000 792.000]
>> setpagedevice


