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1. Reasons for planting shelterbelts around livestock buildings 
 
There are several reasons for installing a shelterbelt around livestock buildings: 

• Odour mitigation; 

• Reduction of heating costs; 

• Control of snow accumulation; 

• Reduction of air-conditioning costs; 

• Reduction of dust volume; 

• Shading for livestock; 

• Aesthetic enhancements to surroundings; 

• Improved biodiversity; 

• Secondary productions; 

• Reduction of greenhouse gas emissions. 
 

 

1.1 Odour mitigation  

 
Regardless of the type of ventilation used (natural or mechanical), most North 
American hog farms are not equipped with an air purification system for the purpose 
of odour mitigation.  Once exhausted from the building, odours can travel several 
kilometres  under favourable conditions.  Under stable air conditions (usually at 
night) and with low or moderate wind velocity, odours tend to travel just above 
ground level.  If the site topography is flat, and if there are no obstacles creating 
turbulence and mixing clean air with foul air, the olfactory inconvenience will be 
greater in neighbouring areas. 
 
The emission process of these odours can be divided into two categories: gaseous 
emissions and aerosol (suspension of very fine particles in the air) emissions.  The 
effects of aerosol emissions are instantaneous (production of odours in the short 
term), whereas gaseous emissions have a more subtle impact (Jacobson, 1997) and 
typically manifest themselves in the form of long-term environmental degradation 
(Tyndall and Colletti, 2000).  Odours generated by livestock production that are 
detectable at appreciable distances all travel in the form of aerosols (Hammond et al., 
1981). 
 
There are four means by which shelterbelts can mitigate odours (Tyndall and Colletti, 
2000): 

• Dilution of gas concentrations of odours into the lower atmosphere; 

• Dust and aerosol deposition;  

• Interception of dust and other aerosols; 

• Absorption of chemical constituents of odours. 
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1.1.1 Dilution of gas concentrations of odours 
 

Under windy conditions, a quiet zone (Figure 1) is observed on the lee side of 
the shelterbelt.  This triangular-shaped zone extends from the top of the barrier 
down to a distance of about 8 H (H = height of the shelterbelt).  Within this 
zone, winds are less turbulent and both temperature and air humidity are higher.  
Outside the quiet zone, there is a turbulent zone where air circulation is more 
energetic and larger in scale.  By increasing air turbulence, shelterbelts help mix 
pure air and foul air, thus promoting dilution of foul air into the lower 
atmosphere.  Furthermore, part of the polluted air plume is deflected upward 
with air streams, because the shelterbelt presents an obstacle which further 
disperses odours.  Artificial windbreaks used to deflect ventilated air upward, 
so that foul air flows higher above the ground, can noticeably reduce odours 
downwind (OCTF, 1998; Bottcher and al., 1999). 
 
A recent study conducted in natural conditions by Consumaj inc. in Saint-
Hyacinthe (Choinière, 2004) has demonstrated that the presence of shelterbelts 
can reduce the length of odour plumes by 20 to 25% and the plume footprint by 
33%.  Also, inside the plume, dilutions are reduced in average by a factor of 3. 
 

 

Figure 1 – Diagrammatic representation of turbulence on lee side of shelterbelt 
(adapted from Raine, 1974, as used in McNaughton, 1988) 

Shelterbelt Quiet zone Distance from shelterbelt (in multiples of H) 
 

Turbulence 
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1.1.2 Dust and aerosol deposition 
 

Air containing dust particles can carry a far greater amount of odour producing 
molecules than dust-free air (OCTF, 1998). 
 
In average, a shelterbelt with a 40% porosity will reduce wind velocity by 50% 
over 10 H, and by 25% over 10 to 20 H (Vézina, 1985).  This will cause wind-
borne particles to be deposited.  Snow accumulation profiles to the windward 
side of shelterbelts of varying porosity levels clearly illustrate how particles are 
deposited (Figure 2). 
 

 
Figure 2 – Snow accumulation due to windbreaks (H = 1.2 m) of various 
densities (adapted from Greb and Black1971) 
 
Snow drifts created around higher porosity shelterbelts are larger than those 
produced by lower density shelterbelts which tend to be smaller and more 
widespread. 
 
Wind tunnel modeling of a three-row shelterbelt system has quantified 
reductions of 35 to 56% in the downwind mass transport of odorous particles 
(dust and aerosols) (Laird, 1997; Thernelius, 1997). 
 
Studies are currently under way in North Carolina in order to quantify the dust 
and odour reduction capabilities of shelterbelts around hog production facilities 
(Bottcher and al., 1999).  Shelterbelts have been planted downwind of 
ventilators and prevailing winds in a finisher hog farm.  Preliminary results 
indicate a reduction in dust particles and odours on the lee side of the 
shelterbelts compared to the control zone (which contains no shelterbelt).  
These studies should also provide information on the relation between odour 
concentrations and dust concentration in air streams. 
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Other studies have shown a 70 to 90% reduction in pesticide concentrations on 
the lee side of shelterbelts made of hardwoods (Porskamp et al., 1994). 
 
 

1.1.3 Interception of dust and aerosols  
 

The leaves and branches of trees shrubs planted in a shelterbelt can remove 
some of the dust, gas and microbial burden carried by the wind.  Efficiency in 
capturing particles with diametres of 5µm is superior in rough-surface leaves 
than in smooth-surface leaves.  Furthermore, leaves with complex shapes and 
large circumference-to-area ratios collect particles more efficiently.  
Consequently, conifers may be more efficient in trapping particle than 
hardwoods, particularly since conifers they provide year-round protection (with 
the exception of larches). 
 
 

1.1.4 Absorption of chemical constituents of odours 
 
Little is known about the ability of plants to mitigate odours by absorption of 
odour-producing chemical compounds.  With that being said, however, the 
following assertions have been made by Smith (1984), in Tyndall and Coletti, 
(2000): 
 

• Pollutant uptake rates increase as solubility of pollutant in water increases. 

• When plant surfaces are wet, absorption rates may increase up to 10-fold. 

• Moisture stress and lack of sunlight can inhibit stomata openings and 
significantly hinder pollutant absorption. 

• Pollutants are absorbed most efficiently by plant foliage around the 
canopy. 

• Although some pollutants (nitrogen dioxide and sulphur) can be absorbed 
at night, uptake rates are significantly reduced during the night. 

• There are numerous factors that affect the rate of pollutant absorption, and 
the rate will fluctuate considerably in natural conditions. 

• The rate of pollutant removal increases linearly as the concentration of 
pollutant increases. 

 
Volatile organic compounds (VOC’s) have a definite affinity to the lipophilic 
membrane (the cuticle) that covers plant leaves and needles.  Significant 
quantities of VOC’s have been measured on the surface of plants and within 
plant tissues (Reischl and al., 1989; Gaggi and al., 1985).  Micro-organisms that 
populate the surface of plants absorb VOC’s, thus providing additional surface 
area for air pollutant collection.  These organisms also have the ability to 
metabolize and breakdown VOC’s (Schreiber and Schonherr, 1992; Muller, 
1992). 
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1.2 Reduction in energy costs 

 
In the North-Eastern United-States, a 10 to 15% reduction in heating costs for 
buildings (Heisler and DeWalle, 1988) can be achieved by reducing wind velocity.  
According to these authors, a reduction in wind speed will result in reduced air 
exchanges between outside and inside air.  These air exchanges are typically blamed 
for one-third of the heat loss experienced during the winter.  Reduced wind speeds 
also translate into fewer damages to buildings due to wind and a reduced wind chill 
factor.  This, in turn, improves comfort for both humans and animals, and 
consequently results in better health, improved weight gain and reduced death rates 
in livestock (Hintz, 1983; Sturrock, 1978). 
 
 

1.3 Control of snow accumulation 

 
Snow accumulation can be detrimental to motor circulation around the farmyard and 
on access lanes and can also overload building roofs.  A shelterbelt can solve these 
problems by trapping snow around buildings and access lanes.  Also, a reduction in 
snow removal costs is automatically achieved. Shelterbelts with a higher density 
typically result in more snow accumulation around the hedge (fig. 2).  Winter 
densities ranging from 40 to 50% are sufficient to effectively trap snow. 
 
 

1.4 Shading for livestock 

 
Shading is beneficial both to humans and to livestock as it can provide cooler areas 
during the warm summer months.  Shading produced by plants can lower 
temperatures from 10 to 14°C, thus reducing energy consumption imputable to air 
conditioning by 50 to 70% (Gaudet, 1985).  Trees should be planted on the west side 
of the building to obtain the optimal reduction of the solar radiation during the 
summer without decreasing to a significant degree the winter solar radiation (USDA, 
1985).  Milk production in cows starts to drop when temperatures exceed 20°C 
(Hintz, 1983). 
 
Moreover, reduction in wind velocity, while decreasing the wind chill factor, will 
improve health and weight gain and reduce death rate in livestock (Hintz, 1983, and 
Sturrock, 1978). 
 
 

1.5 Reduction in dust volume 

 
Shelterbelts have the ability to collect a portion of air-borne dust particles.  
According to Dochinger (1980), dust fall can be reduced by 38% with the use of 
coniferous shelterbelts and by 27% with hardwoods, compared to an area that 
contains no trees.  In this study, the sampling period was spread over 8 months during 
which hardwoods were out of leaf for 3 months. 
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1.6 Noise reduction 

 
A dense hedge of trees and shrubs can reduce by one-third the volume of decibels 
generated by normal road traffic in a peri-urban area in Nebraska (Cook and 
Van Haverbeke, 1976).  This level of noise attenuation is sufficient to ensure 
residents’ tranquility in the case of automobiles and small trucks. In the case of larger 
vehicles, however, this level of reduction is insufficient and noise levels exceed the 
tolerance threshold of residents.  To effectively maximize noise reduction, it is 
recommended to plant 1 or 2 rows of shrubs as close as possible to the road, and 1 or 
2 rows of high-density trees.  Additional reductions in decibel levels can be achieved 
by erecting a barrier that is sufficiently high to mask the view of the noise source.  
Work by Labrecque and Teodorescu (2005) on the use of living willow sound barrier 
noise along highways has shown some promising results.  
 
 

1.7 Aesthetic enhancements to surroundings 

 
Hedges comprising several species of trees and shrubs produce a variety of shapes 
and colours, which enhances surroundings and signals the turn of the seasons.  If they 
are well cared for, these hedges will increase the value of a property. 
 
 

1.8 Improved biodiversity 

 

Studies conducted by the Canadian Wildlife Service (Boutin and  al., 2003; 
Deschênes and al., 2003; Maisonneuve and Rioux, 2001) on buffer strips have shown 
that the presence of trees and shrubs is of considerable help in preserving regional 
biodiversity.  These studies included six types of buffer strips: pastures, grass-like 
strips, low-growing scrublands, high-growing scrublands and wooded hedgerows.  It is 
in these wooded hedgerows that the highest population and greatest diversity of birds 
was found as well as the highest populations of amphibians and reptiles.  The total 
number of small mammals captured increases from grasslands to scrublands to 
wooded hedgerows.  However, the number of individuals belonging to so-called 
noxious species follows the opposite trend.  These results pertain to wooded 
hedgerows. 
 
These studies suggest that buffer strips planted around buildings may have a positive 
impact on plant and animal biodiversity. 
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1.9 Secondary productions 

 
Hedgerows may include tree and shrub species capable of producing berries as well 
as compounds used to manufacture nutraceutical, medical and pharmaceutical 
products.  Trials are currently underway (2004-2006), under the joint direction of the 
UPA (Côte-du-Sud) and the ITA (La Pocatière Campus) in the Lower St. Lawrence 
region to evaluate the economic potential of 10 shrub species used in shelterbelts and 
buffer strips.  Harvesting timber from the hedge is also an option that should be 
explored.  Based on the installation techniques used and the quality of the soil in 
which the trees were planted suggest promising yields.  For example, 24-year old 
hybrid poplars arranged in shelterbelts around LaPokita Farm buildings were 
harvested in February 2005.  In total, 40 trees were cut down, which yielded an 
average of 0.8 m3 per tree, and 90% of the harvest was sold as lumber. 
 
 

1.10 Reduction of greenhouse gas emissions 
 
The reduction of greenhouse gas emissions (GHG) is a sizeable social concern.  In 
order to meet its Kyoto Protocol commitments (Figure 3), Canada must reduce by 20 
to 25% its GHG emissions by 2010.  To do so, all methods will be considered, 
including tree planting.  Studies conducted in Western Canada (PFRA, 1997) suggest 
that a hedge consisting in three rows of trees (such as the model outlined in the 
section pertaining to the selection of trees and shrubs) is capable of sequestering 
300 tons of carbon per kilometre of shelterbelt within a 40-year timeframe.  By 
planting 100 km of hedgerows every year from now to 2010 in Eastern Canada, a 
total of 0.2 Mt of CO2 could be mobilized, which represents 0.03% of the forecasted 
annual production in Canada in 2010.  A small step in the right direction… 

619

1990 1995 2000 2005 2010

800

450

550

600

750

500

650

700

G
H

G
 e

m
is

si
on

s
(m

ill
io

n 
to

ns
 C

O
2

eq
ui

va
le

nt
)

referencereference 1990:1990:
599 Mt599 Mt

140140--185 185 
Mt (20Mt (20--
25%) 25%) 

748748““ Business as usualBusiness as usual ””

703703

Kyoto Kyoto commitmentcommitment ::
563 Mt563 Mt

Year

 
Figure 3 – Evolution of carbon emissions in Canada with and without Kyoto protocol 
application (Source: Rochette, 2000) 
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1.11 Inconveniences of shelterbelts  
 
Loss of crop area usually constitutes the most important indirect cost related to the 
establishment of a shelterbelt.  The location of the hedge must be selected with 
caution in order to minimize this loss. 
 
Because the hedges are planted at some distance from buildings, they are not likely to 
increase the population of rodents living close to these buildings.  The vegetation may 
attract a larger population of birds, although this is not likely to have any significant 
incidence on spreading of diseases. 
 
Odours have higher concentrations in the area located between the shelterbelt and 
the source of the odour than in the areas located on the windward side of the hedge 
(Bottcher and al., 1999), which can be seen as an inconvenience to employees who 
work in the vicinity of the hog barn. 
 
On sunny days, the air temperature in the protected zone can be up to 3°C higher 
than in open areas.  This can constitute an added discomfort for livestock in the 
summer. 
 
Shelterbelts need to be groomed to ensure they continue providing the desired 
protection.  Farm owners should factor in the resources necessary to carry out the 
required maintenance. 
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