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ABSTRACT

Dronen, S.1., 1988. Layout and design criteria for livestock windbreaks. Agric. Ecosystems Envi-
ron., 22/23: 231-240.

Proper design of livestock windbreaks is essential for the realization of shelter benefits. The
degree of protection required depends on the type of livestock, the type of livestock operation and
the climatic conditions.

In areas requiring wind and snow protection, windbreak design criteria must provide for wind
protection, snow storage, proper drainage for melting snow and ease of access. Windbreaks should
have a density of 40~60% with the windward row located 30-60 m from the area needing protec-
tion. When only wind protection is required, density should be increased to 60-80% with the tallest
tree row located 2-5 times its height (h) from the area needing protection. In all cases, windbreaks
should be fenced to exclude livestock. In some situations, artificial barriers or herbaceous barriers
can provide effective livestock protection.

INTRODUCTION

The value of wind protection for livestock is recognized around the world.
Early settlers on the northern Great Plains of the U.S.A. were quick to observe
that grazing animals sought protection from cold winds. Today, most livestock
producers recognize the value of windbreaks and provide at least some protec-
tion for livestock. The benefits are many: increased feed efficiency, greater
weight gains, increased survival rate of newborns, improved animal health,
increased milk production and greater profits.

Van Haverbeke (1978) states “Trees seldom exert a greater influence upon
man’s environment and well-being than in regions where they do not grow
naturally, or where they are difficult to establish and maintain”. In these areas
thousands of hectares of effective, high-quality, livestock windbreaks have been
established. In addition to protecting cattle and other livestock in feedlots,
windbreaks keep roadways, lanes and yards clear of snowdrifts, and this allows
the delivery of proper daily rations.
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Livestock windbreaks are also valuable on range and pasture lands where
they provide protection from climatic stress during winter and early spring
(Ferber, 1958; Holmes and Sykes, 1984). Bottomly and Parker (1974) sug-
gested that at least some shelter can be economically justified on virtually every
farm in Tasmania, Australia. They estimated that the optimum proportion of
the farm dedicated to shelter lies somewhere between 1 and 5%, depending on
exposure, productivity of the land and type of farm.

The proper design of a livestock windbreak requires an understanding of
windbreak aerodynamics. The chapters by Heisler and DeWalle (1988), Grace
(1988), Johnson and Beck (1988) cover the effects of windbreak structure on
wind flow and its effect on plants and animals. This chapter discusses the
design criteria necessary for effective livestock windbreaks.

DESIGN CRITERIA

There are generally two types of livestock windbreaks: one is designed for
protection of a confined area, such as a feedlot, and the other for a more open
area, such as a pasture. Each has its own set of requirements. In addition,
windbreaks can be designed for wind protection or for wind and snow protection.

Livestock shelter needs

Livestock vary in their response to wind and cold temperatures, therefore,
the type of livestock will dictate the degree of wind protection required. Al-
though beef cattle are very hardy, requiring protection only during calving or
severe storms, they will benefit from shelter at other times (Webster, 1970).
Dairy cattle are somewhat less hardy and require greater protection. During
cold, windy periods, milk production is increased in sheltered areas (Johnson,
1965). Sheep require low-level protection during lambing and after shearing
{(Holmes and Sykes, 1984). Swine are extremely vulnerable to cold tempera-
tures and will benefit significantly from wind protection (Burrell and Owtram,
1952).

Climate considerations

The climate of the area affects the amount and type of protection needed.
Where wind varies in direction, it is essential to provide protection on at least
two sides. For example, in the northern Great Plains, the primary windbreaks
should be located on the north and west sides of the area to be protected, be-
cause the prevailing winter winds are from the north and west (George, 1957;
Ferrell, 1965; Zaylskie and Worthington, 1966; Smith and Scholten, 1980; Dro-
nen, 1984).

Secondary windbreaks are also important in the northern Great Plains. They
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are generally 1-3 rows wide and are located on the south and east sides of the
area to be protected. Winter storms that come from these directions are gen-
erally less severe and of shorter duration, therefore, it is not necessary to have
the same degree of protection as required on the north and west.

Size of the area

The size of the area to be protected will determine the design of the wind-
break system. The length, height and density of a windbreak determine the
area leeward that is protected.

To provide adequate protection, a windbreak should be longer than the area
it is to protect. Smith and Scholten (1980) recommended extending the wind-
break at least 30 m beyond the feedlot on both ends, thus reducing the wind
and snow problems associated with the ends of windbreaks. Bates (1936) in-
dicated that the area protected by a windbreak was triangular in shape (see
Wight, 1988), and that this area increased as the square of the length, until
the length was at least 24 times the height of the windbreak. Pitt et al. (1980)
indicated that a windbreak works most efficiently when its length is 11.5 times
its mature height. Siepen (1984) explained that the difference between these
two recommendations was related to the variability of the winds. If the wind
blew predominantly from one direction, then the length of the windbreak should
be from 8 to 12 times the height of the mature windbreak. However, if the wind
was variable, the length of the windbreak should be increased up to 20 times
the height of the windbreak in order to provide adequate protection.

The leeward area protected by a windbreak is directly proportional to its
height (van Eimern et al., 1964). In general, a distance of 10 h downwind
receives adequate protection for livestock. The degree of protection at 10 A will
vary with windbreak density. Experience shows that moderately-dense wind-
breaks provide adequate protection from wind and snow. These relationships
between height, density and degree of protection are discussed more fully by
Heisler and DeWalle (1988) and Wight (1988).

Site considerations

When planning the location of a feedlot, it is important to take advantage
of natural land features as much as possible, especially for drainage (Reichen-
berger, 1980; Hintz and Dronen, 1986). The water from melting snow, accu-
mulated in the windbreak, must be diverted away from the feedlot in order to
keep livestock dry and to minimize problems associated with muddy conditions
(Bond et al., 1970). In addition, runoff from the feedlot must be diverted away
from the windbreak to prevent tree and shrub mortality (van Haverbeke et al.,
1976).

The feedbunk should be located within the 5 h zone of protection. Bond and
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Laster (1974) found that when the feedbunk was located outside this sheltered
zone, the cattle spent less time at the feedbunk, nullifying the benefits derived
from shelter.

Windbreak placement in hill country is more complicated than on level
ground, because of the increase in turbulence caused by topography. King and
Sturrock (1984) reported that shelterbelts should be planted parallel to the
contours or at right angles to them, depending on the prevailing wind direction.
They also reported that planting windbreaks on ridges provided very little pro-
tection and was a poor shelter practice. This placement makes the ridge sharper,
enhances separation of the air flow, increases eddying to leeward and may in-
crease wind damage on the lee slope. A windbreak located at the base of wind-
ward slopes will give less protection than one located further up the slope. On
leeward slopes, eddying can be controlled by planting shelter in advance of the
turbulent zone where the wind begins to regain velocity.

Although little research evidence is available, it appears that a system of
windbreaks will be more effective in protecting hilly topography. In general,
the effect of height is dercreased on the windward slope and increased on the
leeward slope (see Finch, 1988).

Where living plants are used for windbreaks, it is important to know the soil
type. Only species that are adapted to that soil should be selected for planting.
In some situations it may be possible to move the location of the windbreak to
a more suitable site. If it is not possible to change the location and the soil is
unsuitable for plant growth, artificial barriers should be used. Soils and species
selection are discussed in detail in Section 9 — Windbreak Planting and
Establishment.

Windbreak density

The literature generally agrees that densities between 60 and 80% are most
desirable for livestock wind protection (Hagen and Skidmore, 1971). Where
both wind and snow protection are needed the optimum winter density should
be 50% (Robinette, 1972).

Bottomley and Parker (1974) suggested that the choice of windbreak den-
sity depends on the purpose of the shelter. For a grazing situation, an ideal
windbreak would be dense for a height of 2-6 m and 50% dense for the remain-
der of the height. Livestock can obtain significant shelter during severe weather
within 5 h of the windbreak. In addition, a large area of pasture will benefit
from the medium density of the upper story of the windbreak. This can be
accomplished with one or two rows of dense shrubs or midsize trees and one or
two rows of tall-growing trees with medium density.
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Fig. 1. Cross-section of a feedlot windbreak designed for wind protection.

Spacing requirements

Between-the-row and within-the-row spacing requirements for livestock
windbreaks are similar to those for farmstead windbreaks and are discussed
by Wight (1988). In general, within-the-row spacings are 2-5 m for deciduous
trees, 2-6 m for coniferous trees and 1-2 m for shrubs. Between-the-row spac-
ings are flexible and vary from 2.4 to 9.0 m depending on the width of cultiva-
tion equipment.

Fencing

All livestock windbreaks must be fenced to exclude livestock. Grazing and
browsing by livestock will reduce the density of the lower 2 m of the windbreak
and reduce its effectiveness (Timm, 1988). Soil compaction as a result of live-
stock use will reduce the vigor and life expectancy of the windbreak (Read,
1957).

Wind protection

One of the primary purposes of livestock windbreaks is protection from
windchill stress (Ferber, 1958; Darby, 1978). A properly designed windbreak
will reduce the wind velocity and offer the livestock the protection needed for
maintaining their body temperature. Air temperature will remain the same,
but the reduction in wind velocity will lower the windchill on the animals (Ames,
1974).

Figure 1 summarizes the design criteria for feedlots needing wind protection.
Note that the feeding area and access lane are in the zone of maximum protec-
tion and that drainage systems are indicated. The number of tree or shrub rows
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Fig. 2. Suggested windbreak configurations for range and pasture use.

depends on the species and the desired density but a three-row design is sug-
gested as a minimum for wind protection,

Under range and pasture conditions windbreak designs are more flexible.
They serve primarily as emergency protection from severe storms. Suggested
configurations for various degrees of exposure are illustrated in Fig. 2. The
number of rows is variable and dependent upon climatic conditions, tree and
shrub species and desired density.

Wind and snow protection

In areas of heavy snowfall, protection from drifting snow is important. in
these areas, livestock windbreaks must be designed for both wind and snow
protection.

Darby (1978) stated that 90% of drifting snow moved within 30 ¢m of the
ground and that loose snow would not start to drift until windspeeds had reached
the critical velocity of 15 km h. For every increase in windspeed above this
critical velocity, the snow moving ability of the wind increased in proportion
to the cube of the velocity. Therefore, small reductions in wind velocity re-
sulted in proportionally larger quantities of snow being deposited (see Shaw,
1988; Scholten, 1988).

Windbreaks designed for wind and snow control should have a shrub row(s)
on the windward side to provide low-level density. This reduces wind velocity
and initiates snow-drift formation within the windbreak. By adjusting the lo-
cation of this shrub row(s) the location of the stored snow can be manipulated.

The middle and upper portions of the windbreak should have a density of
40-60% to provide the wind protection benefits in the sheltered zone. A com-
bination of deciduous and/or coniferous species can be utilized to provide the
desired density. The number of rows is variable and dependent upon the amount
of wind and snow, the species selected and the desired density (Fig. 3).

The location of the windbreak must provide for adequate snow storage. The
critical distance is from the windward row to the protected area. As the severity
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Fig. 4. Suggested windbreak design for protection of a feedlot in an area with severe winters.

of winter storms and the amount of blowing snow increase, the area needed for
snow storage and the distance from the windward row to the protected area
increase (Shaw, 1988). Figure 4 illustrates a fully-protected feedlot subject to
severe winter storms.

Artificial barriers

Artificial barriers are used extensively for livestock protection and may be
used alone or in combination with tree and shrub windbreaks. They offer the
following advantages; (1) provide immediate protection; (2) provide control
of height and density; (3) require limited space; (4) are movable; (5) can be
used in areas where windbreaks cannot be grown. Disadvantages include: (1)
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high initial cost; (2) high maintenance costs; (3) limited lifespan; (4) limited
height.

Design requirements for artificial barriers are similar to those for tree and
shrub windbreaks. For wind protection, a density of 70-80% is desirable. When
both wind and snow protection are needed, placement of the barrier must pro-
vide for adequate snow storage outside of the feeding area. The width, depth
and location of the snowdrift will be determined by the density of the barrier
(Darby, 1968; Bates and Phillips, 1980). Solid barriers caused a buildup of
snow ahead of the barrier, and a maximum accumulation to the leeward at a
distance of 2-3 h. This accumulation was not as great as that to the windward,
if the barrier was not covered or saturated with snow. Darby (1978) stated that
the lower the density of a barrier, the longer the drift of snow it accumulated.
A barrier with 85% density accumulated a drift to 4 h, 70% density accumu-
lated a drift to 5.5 h and 50% density accumulated a drift to 11 A.

Herbaceous barriers

A considerable amount of work has been done in Australia on the use of grass
barriers for the protection of sheep (Alexander et al., 1979, 1980). Lynch and
Alexander (1976) showed that strips of Phalaris made effective, durable wind-
breaks and that ewes concentrated within 2 m of the barrier. The strips, 0.75 m
wide and 1.5 m high, were spaced 20 m apart in small fields (80 m x50 m).
When compared to polyethylene, garden mesh barriers of 40% density, Phal-
aris barriers reduce windspeed to a greater extent over a leeward distance of 20
m
(Lynch and Alexander, 1977). Shorn ewes had a clear preference for the zone
2 m to the lee (1.25 h) of the Phalaris hedges whereas, they tended to congre-
gate in a wider band (0-4 h) in the lee of the polyethylene barriers. In addition,
there was a higher proportion of shorn ewes within 4 & of the Phalaris than
within the same distance from polyethylene. The differences in ewe distribu-
tion may arise from better wind reduction by the grass barriers (Lynch and
Alexander, 1977).

Lynch and Alexander (1976) observed that when sheep were put in fields
with established unfenced Phalaris strips, they made passageways every few
meters through the barriers so that adjacent bays were linked. Fencing was not
needed because little additional grazing damage was observed after the initial
passageways were established. However, Ralph (1981) cautioned that Phalaris
was slow to establish and required protection from grazing during the estab-
lishment period.

SUMMARY

Livestock windbreaks are designed primarily to provide protection from wind
and wind-blown snow. Experience has shown that properly-designed livestock
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windbreaks will provide significant benefits to the livestock producer. Con-
versely, badly designed windbreaks will not function properly and may have
few, if any, major benefits.
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