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THE ROLE OF MICROCLIMATE IN ENERGY USE EFFICIENC*

James R. Brandle
Depar tment  o f  Fores t ry ,  F isher ies  and
Ins t i tu te  o f  Agr icu l tu re  and Natura l

Un ivers i ty  o f  Nebraska
L i n c o l n ,  N e b r a s k a  6 8 5 8 3

In t roduc t ion

The relat ionship between microcl inate and energy use ef f ie iency is a
d i f f i cu l t  one to  genera l i ze .  In  each s i tua t ion  d i f fe ren t  fac to rs
are  o f  vary ing  degrees  o f  impor tance.  The purpose o f  th is  repor t  i s
to  o f fe r  some genera l  cons idera t ions  concern ing  the  re la t ionsh ip  o f
she l te rbe l ts  and mic roc l imate  to  energy  use  e f f i c iency .  By  u t i l i z -
i -ng  var ious  charac ter is t i cs  o f  the  ur - i c roc l imate  o f  she l te r  a  land-
owner  may reduce the  energy  needed to  g row crops ,  ra ise  l i ves tock ,
heat or cool the farms tead and maint.ain the f arm working area .

Before we examine the bene.f i ts of  shel ter  to these aspects of  farm
operat ion we mus t  examj-ne the physical  changes in microcl imate re-
la ted  to  she l te r  f rom the  w ind .

Ef fec ts  on  Mic roc l imate

The main effect of shelter is to reduce surface windspeed (Marshall
1967) .  A lmost  a l l  o ther  ef fects  are secondary,  a  consequence of  the
reduction in windspeed. The effect iveness of a windbreak is depend-
ent primari ly on i ts height, density, width and l-ength. Roughness
of the ground surface and atmospheri.e stabi l i ty also play a role in
determining effect iveness. A dense windbreak wil l  protect an area I0
to 15 t imes i ts height (H) downwind. By decreasing the densiry to
50 per cent the area protected dor^rnwind can be extended to Z0 to Zs
t imes i ts  height .  In  e i ther  ease the degree of  protect ion is  a func-
t ion of the distance from the windbreak. As the density of a wind-
break increases, turbulence in the lee of the windbreak is created
due to the air overtopping the barrier. By increasing the porosity
some wind penetrates the barrier and prevents the overtopping and tur-
bulence (Marshal l  L967,  Rosenberg L974,  van Eimern et  a l .  Lg64) .

U. Published as Paper Nr:urber 6150 , Journal Series , Nebraska Agricul-
tural Experiment Stat ion.
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Air Temperature

Air temperature is a function of the amount of sensibl-e heat trans-
ferred from the soi l  or plant surface to the air.  The dissipation of
this heat is inf luenced by turbulent mixing of the air.  Reductions
in turbulence wil l  cause that parcel of air near a watrn surface to
become heated. Since the effect of shelter is a reduction in wind
velocity and consequently a reduction in turbulent mixing, daytime
air temperatures tend to increase in shelLered areas. However, night
t ime temperatures tend to be cooler because of the formation of in-
version layers in the sheltered zone (Rosenberg L974). In general
the degree of temperature variat ion is determined by windbreak per-
meabil i ty, soi l  moisture, cl-oudiness and net radiat ion. Windbreaks
tend to increase the range of temperature within a 24 hour period.

Soil  Temperature

The inf luence of shelter on soi l  temperature has been extensively
reviewed by van Eimern et al.  (L964) and others (Bates 191L, Caborn
L957,  Rosenberg 1965) .  Bates (1911)  suggested that  the magni tude of
increase in soi l  temperature was a function of many factors including
depthr  season'  t ime of  d"y,  so i l -  moisture,  crop eover  and others.
Rosenberg et al.  (1963) reported an inerease in soi l-  temperature of
lo to zoc under uniform crop condit ions during both day and ni-ght.

Ilumiditv

The l i terature on the inf luenees of shelter on humidity must be view-
ed with caution. Not only do many of the reports deal only with
relat ive hunidity with no temperature considerations (Bates 19L1,
Caborn L957, Rosenberg 1965) but mary other factors are also ignored
(van Eimern et al-.  1964). In general,  absolute hunidity and reLative
hunidity are greater in shel-rer, borh by day and by nighr (Bagley &
Gowen 1960, Rosenberg 1965, Rosenberg L974).

Soil. MoistJrre and Evapotranspiration

The effects of shelter on soi l  moisture are exceedingly complex
(Caborn L957). In general,  two types of effects need to be eonsider-
ed: 1) the inf luence of the windbreak on the distr ibution of preeipi-
tation' and 2) the infl-uence of the windbreak on evaporation (t'tarshatt
Lg67) .

In areas where the najority of the annual preeipitation occurs in the
form of snow' the distribution of the snow is iuportant. Windbreaks
help eontrol- this distr ibution. The degree of distr ibution across a
protected f ieLd is proport ional to the height, width and density of the
windbreak. The best distribution is obtained with permeable wind-
breaks somewhat open at ground level (stoeckeler Lg6z).

Windbreaks also affect the distribution of rain due to the fornation
of a rain-shadow zone on the leeward side of the windbreak. Ttre size
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of this zone depends on the wind velocity and the height and density
of the windbreak (Caborn L957).

Dew formation may be increased in a narrow band 2-3H on the leeward
side of a windbreak. The agricultural signif icance of dew may be
linited even though some moisture may be absorbed through the leaf
su r face  (Caborn  1957) .

Besides inf luencing addit ion of moisture to the soi l  prof i le, wind-
breaks influence the removal of water by their infl-uence on evaporation.
Changes in windspeed, temperature and atmospheric gradients iqf luence
evaporative rates (Caborn L957, Rosenberg 1974, van Eimern et a1. Lg64)
and as a consequence atmospheric evaporative demand is decreased on
the leeward side of a windbreak (Frank et al . Lg7 4, l,farshall Lg67, van
Eimern et al. L964) . Theoretieally this should make more r+rater avail-
able to plants for growth,

Wlri le the physical changes in microcl imsgs due to shelter are fair ly
wel l  establ ished,  the b io logica l  responses to these changes are fe"s
elear ly  def ined.

Ef fect  on Crop product ion

Yie lds of  wheat ,  rY€,  bar ley,  oats and corn increased when protected
by 40 year o1d cottonwood and boxelder windbreaks in North Dakota,
South Dakota and Nebraska (Stoeekeler Lg62). Shelter has also been
shown to increase yiel-ds of forage crops such as alfalf  a (Bates Lg44,
Trenk L948> , t inothy (Trenk 1948), red elover (Trenk 1948) and cresred
wheat  grass (Quayle 1941) .

Increased yields of tomagess and beans (BagJ.ey Lg64, Bagley & Gowen
1960) ,  dry beans (Rosenberg et al.  1963) 

"oa 
soybeans (Frant et al.

J'97 4) have been reported when protected -by slat-fences. Radke et a1 .
(L970' L973) demonstrated increases in the yields of soybeans protected
by temporary eorn windbreaks. George (1971), however, indicated that
in North Dakota yields of wheat were inconsistent and showed no signi-
f ieant dif ferences when sheltered with sLat fences. Likewise, Skidmore
et  aL.  (L974)  found no consis tent  increases in  wheat  y ie lds in  Kansas.

In sugar beets the total weight of roots and beets increased in shelter
of slat-fences but the top weight r,ras unaffected and the sugar content
of the beet actual ly decreased (Rosenberg 1966). During three dif fer_
ent growing seasons, Brown and Rosenberg (1970, 1971) fJund that the
benefits of annual windbreaks on the yields of sugar beets were much
more pronounced during dry years than during y".r" of adequate rainfalL.

The inconsistency of these results has l-ed other investigators to con-
clude that the anount of measurabl-e benefit i.n crop yield is dependent
on the severity of growing conditions (McMartin et 11. Lg74, pelton
L967, skidnore et al.  !974, van Eimern et a1. LgG4). rn addit ion, the
use of croP yield as an indicator of shelter-effects involves the sum
of too maoY variables over too long a period to give consistent resul-ts.
Changes in uicroelimate undoubtedly affect the development of the plant.
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Therefore,  the emphasis of ,
smal-l- ehanges affect plant

Winterkil l  and lt lheat Yields

research should be to
processes at  var ious

determine how these
stages of  development.

The effeets of wind protection on winter wheat survival and yield in
Eastern Nebraska have been observed perlodical-l-y over the past 15
years. In nrany years weather eonditions in Eastern Nebraska are such
as to prevent extensive damage to the wheat crop due to winterkill.
As a consequence, the value of wind proteetLon in the production of
winter wheat is often overlooked. However, in three of the last five
years tenperatures during Oetober to February have averaged 40 to 8oF
below normal. Table 1 i l lustrates the yields of winter wheat in
sheltered and exposed areas and the temperature deviation from normal-
during each of these years (October to February). During the L976-77
and L978-79 growing seasons yieLds from sheltered plots were signif i-
cantly greater than exposed plots. Yield increases were suff icient to
more than compensate for the land lost to trees (Brandle 1980).

By increasing production on a smaller area the m{croel imate changes
occurring as a result of shel-ter have increased our energy use eff i-
ciency, i .e. more grain produced per unit  of fuel consumed.

Sovbean Production in Shel-ter

Confl ict ing reports exist concerning the effeets of shelter on soybean
production and its relationship to p1-ant water status (Frank et a1 ,
L974,  Radke et  a l .  L970,  1973) ,  A recent  s tudy (Ogbuehi  1980)  has
shown that under rainfed conditions soybean yields increased 20 26
per cent as a consequenee of an increase in water use eff iciency.
Furthermore, plants in shelter had higher COt exchange rates and greater
stomatal conductance at equivalent relative Eanopy heights in eompari-
son to exposed plants. A study of the canopy structure indicates a
greater l-eaf area devel-opment in sheLter resul-ting in greater 1- ight
interception. Longer internodes of sheltered soybean plants allowed
greater spatiaL separation of Leaves, lower canopy area density, deeper
penetration of f-ight to lower canopy strata and consequently greater
utiLization of avai labl-e l ight.

Again modif ication of the microclirnate has
use eff iciency. In this case the benefi t
production per unit fuel consr:med but al_so
able solar radiat ion.

provided a greater energy
is not only greater grain
more efficient use of avail-

Ef fects on l.ivestocF, Oper.a.tions

The value of windbreaks for protecti.on of cattl-e on range and pasture
land is welL establ- ished (Cross L974, Zaylskie 1965). Livestock need
protection from winter storms, especlally in the Northern Plains States.
Johnson (L947) estirnated an average 33 per cent savings in wlnter feed
requirements for stock trith wind protection. Nebraski sandhl-lls ranch-
ers maintain that protective tree plantLngs greatly reduce livestock
l-osses due to freezing temperatures, blLzzards and the inaecessibility
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TabLe 1. Comparison of annual
exposed, with the deviatl-on
(oetober February) .

yiel-ds of winter wheat,
from the average monthl-y

sheltered and
temperature

Yield (bu/A)

Sheltered Exposed

Tenperature. (oF)

Deviation from NormaLYear

L97 5-7 6

L976-77

L977-78

L97 8-7 9

L97 9-80

57  . 3

39 .  0

*

47  , L

45  . 5

56  . 7

3L.7

*

33 .3

43 .8

3.39

4  . 34

6 .69

8 .02

0  . 38

* No yield data avail-able

of feed (Cross L974). The l ist of personal test imonies could go on at
length.

Wtrile the value of windbreaks to ranchers and cattle producers is un-
questioned, some scientists question theLr economic value in feedlot
operations. Again personal testimony is ovenrhelningly pro-windbreak.
In Cr:ming Cor:nty, Nebraska over 95 per cent of the feedlots are pro-
tected by over 21065 acres of windbreaks (Cross L974). Producers are
convinced that catt le which are provided protdction spend rpre t ime
eating and less tirne bunched up for warmth. Protected cattle will
gain nore weight per unit  of feed because less feed is required.

In contrast, Bond & Laster (L974) coneluded that windbreaks prorr ide
l- i t t le benefi t  " to winter growth or to feed eff iciency of feedlot
cattle in the lulidwest't. Ttreir study showed concluslveLy that cattle
provlded w:ith wind protection spent nore time in protection than at the
feed bunks and as a eonsequence gained less than those without protect-
ion .

At the University of Al-berta a group of animal- physiol-ogists have been
worki.ng extensively on the relationship between cold weather and energy
requirements of catt le (Christopherson L973, Christopherson & Thompson
L980, Young & Christopherson L974, Webster 1970). T'heir f indings in-
dicate that the eritical temperature (that temperature beLow which
animals experLence cold) of feedlot cattle is usually below an equiva-
lent stil l-air ternperature of -20oF. Itrey indicate that even in
Canada long periods of -30o to -20oF are unusuaL. However, practical-
feedLot data indieate poorer feed eff iciencies and consequentl-y a re-
duced rate of weight gain during the winter months at temperatures
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above the critical temperatures of the an{mals (Xoung & Christopherson
L97 4) . They concluded that whl1e generation of heat for body wa::nth
nay be required during stress periods i t  is not the rnajor cause of an
increase in feed requirements. The primary' reduction in productivity
results from physiological ehanges reducing digestion eff iciency and
arises f rom prolonged exposure to eol-d. Furthetmore prol-onged exposure
to cold reduced apparent digestibi l i ty of dry natter l- .3 per cent units
for each 10oF drop in the average ambient temperature.

For example, a rat ion which has a dry matter digestibi l i ty of 70 Per
cent at 50ol '  would offer LZ per cent less nutr ients to the consuming
animal at -1001' than at SOof. Temperature fluctuations of this nagni-
tude are relativel-y cormon throughout the Great Plains Region. Chris-
topherson (L973) also showed that i t  is these abrupt changes in tem-
perature which produce irregular feeding patterns in catt le and the
result ing reduction in rate of weight gain.

The use of w"indbreaks to reduce windspeed alters the rnicrocl imate of
the feedlot. As a result,  ambienL air temperatures are moderated and
less feed is required for each unit of weight gain. Energy is con-
served as a result of Lower feed requirements as well  as from reduced
feed distr ibution demands. Again we have produeed more of a given
product  whi le  reducing our  to ta l  energ:y usage,  i .e .  greater  energy use
ef f ic iency v ia a modi f icat ion of  the microc l imate.

Ef feets on Home- Heating and Cool-ing

The value of windbreaks and other tree pl-antings in reducing home heat-
ing and cooLing costs has onl-y reeently been revived. Recent investi-
gations have i l l -ustrated the vast potential in energy savings of ut i-
lizing the microcl-imate changes due to shading and wind reduction.

Home Heat Exchange

Heat loss from a home occurs through three major processes: radiat ion
transmission, heaL conduetion, and air inf i l t rat ion (DeWalle & Farrand
tg75) .

The transmission of solar radiation through windows can be a valuable
asset in winter and a signif  icant Liabi l i ty during the surmer. The
amount of solar radiat ion penetrat ing a window can be control led by
judic ious p1-acement  of  t rees.  In .  addi t ion,  t rees can a lso be used to
influenee the nmount of sol-ar radiation striking any surface of the
building. Obviously it would be advantageous to maximi ze solar radia-
tion during the heating season and minLrl' ize it during the cooling
season.

The eonduetion of heat through solids is controlLed by the ther:ural
propert ies and thickness of the naterials involyed. Sti l l  air has one
of the lowest rates of conduetivi ty of materials found in the home.
Ttrus, the vaLue of insulation is related to the many snall pores f ilI-ed
with air.  Some materials such as glass have very high levels of con-
ductance and therefore heat conductivity through windows is extremely
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high. Heat conduction can account for 35-50 per cent of the total

heat  l -oss of  a  s t ructure.

Ttre best opportunit ies to control- eonduction losses are to reduce the

temperature gradient across the barrier and to reduee the rate of

heat movement through the barrier, The latter ean be controlled rel-a-
tivel-y easily by insulation material but the temperature gradient it-

self  is somewhat more dif f icult .  Inner surface temperatures are large-

Ly controll-ed by the interior air temperature. Thus the gradient can

be part ial- ly redueed by lowering the interior temperature. Outer sur-
faee temperatures are controlled by wind, air temperature and solar

radiation. By redueing the wind velocity we can reduce the air turbu-

l-anee and in turn enlarge the layer of stil l air next to the outer sur-
face. In addition we have seen that a reduction in windspeed will
also increase the air temperature in shelter due to a reduction in

turbulent mixing. Again the judicious use of deciduous trees for

shade wil-l- reduce surface temperatures in the sunmer and reduce cool--
ing demands. During the winter sol-ar radiation can be important in
reducing heating demands by raising the outside surface temperature
and reducing the temperature gradient. It should be apParent that
these two processes can be confl iet lng and that a balance must be
struck to macimize the ut i l - izat ion of the mierocl imate.

Heat  l -oss by a i r  in f i l t ra t ion is  the process most  d i rect ly  af fected by
reduetions in windspeed. Air infiltration is the movemenL of air
through cracks, windows, doors or other openings. I t  is caused by
pressure gradients between the inside and outside of a bui l-ding. As

wind ve1-oeity increases, the outer surface of a structure facing the
wind r^rill experience an increase in pressure and air wil-l be forced
into the building through available openings. On the Leeward size of

the buil-ding pressure is reduced and air moves from the building to
the outside. Temperature gradients also contr ibute to this air move-
uent. A severe cornbination of high wind and l-ow temperature may cause
the air in a home to be replaced as often as twice per hour. In most

s i tuat ions f rom 20-35 per  cent  of  the heat  1-ost  by a bui ld ing is  lost
by air inf iLtrat ion (oeWalle and Farrand L975).

Air inf i l - trat ion through windows, doors and cracks ean be reduced by
diminishing the pressure of the wind by means of a windbreak. A study
at Prineeton University (Matt ingly & Peters L975) has indicated re-
duetions in air inf i l t rat ion rates as high as 60 per cent. The study
was eonducted ririth condominiums with comnon waLls which tended to de-
crease the relat ive importance of the air inf i l - trat ion factor and thus
the importance of wind protection is underestimated.

Table 2 gives hypothetical data from four typical homes in Nebraska.
Data were compiLed from the AGMT system (Bodmaa et al-. 1980) and
values from the Princeton study were used to estirnate expected reduc-

t ions in air inf i l t rat ion rates (Matt ingly & Peters L975). Three situ-
at ions were eonsidered:  1)  No protect ion,  2)  Protect ion by a s ingl -e
row of conifers 40 per cent reduction in air inf i l t rat ion and 3) Pro-
tect ion by a single row of conifers and a 7 foot high board fence
6 0 P e r c e n t r e d u c t i o n i n a i r i n f i 1 t r a t i o n . P o t e n t i a 1 s a v i n g s o f 1 3
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Table 2.  Ef fect  o f  wind protect ion on
loss due to air inf i l - trat ion of four

the home heat ing costs and heat
Nebraska homes.

Degree o f
Pro tec t ion

Inf i l t rat ion Heat Loss
BII]/HR % of Toral

Annual Heat Cost
$/yr % Saved

w/ o protection

w/tree windbreak

w/tree windbreak &
7 foot barr ier

2L325

L27 95

8530

L3%

20%

33

23

16

325

283

26L

w/ o protection

w/tree windbreak

w/ tree windbreak &
7 foot  barr ier

327 30

19638

L3092

4L

29

22

s37

448

4A4

L6"l

z5i"

w/ o protect ion

w/tree windbreak

w/tree windbreak &
7 foot  barr ier

38827

23296

15530

65

53

43

335

248

203

26"1

39%

w/ o protection

w/tree windbreak

w/tree windbreak &
7 foot  barr ier

52L52

3L29L

20860

74

63

53

393

279

220

297"

44%

to  44 per  cent  were real ized.  rn 19g0 dol lars
f rom $64 to $173 per  year .

Snow Manageuent

For use with l ivestock operations
ed to prevent snow dri f ts in the

Proper sno\i7 management by windbreaks is an integral part of any wind-break systern. For f ield windbreaks the objeetivE is Lo spread thesnow evenly across the protected area and open deciduous'species aremos t  des i rab le .  
- r '

these savings range

the windbreak systems must be design_
feedLots and al leys. poorl_y designel
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systems may actual ly cause more harur than good. I f  snow is al lowed to
bu i ld  uP in  the  pens  access  to  feed may be  den ied  and the  inc reased
mois tu re  may eause mud prob lems.  In  des ign ing  sys tems fo r  feed lo ts
care should be taken to provide enough roor for  snov/ deposi t ion and
proper  d ra inage fo r  me l t ing  snow.

rn  the  pro tec t ion  o f  the  fa rmstead i t se l f  care  must  be  taken to  p re-
vent  snow bu i ld  up  in  d r ives ,  aga i -ns t  doors  o r  w indows and in  o ther
work  a reas .  rn  fac t ,  she l te r  wh ich  is  des igned to  p ro tec t  the  fa rm-
stead should take into considerat ion the woik ing areas of  the farm-
yard '  S torage areas  fo r  mach inery  and equ ipment  shou ld  be  pro tec ted
and the design of  the windbreak should be such as to miniraize snow
renova l  e f fo r ts .

t r { indbreaks  des igned to  p ro tec t  fa rmsteads  and feed lo ts  a re  usuar ly
multiple row. There is no::rnally a row of shrubs or low growing ever-
greens on the windward si-de with one or more rows of  deci-duous trees
and one or  more  rows o f  taL l  con i fe rous  spec ies  comple t ing  the  w ind-
break '  Th is  w i .11  prov ide  adequate  snow s toppage as  we l l  as  p rov ide
plenty of  space for snow deposi t ion.  The amount of  space needed for
snow storage var ies wi th geographic locat ion and an adequate nurnber
o f  rows shou ld  be  prov ided to  p rov ide  su f f i c ien t  s to rage,

One other aspect of  snow management must be considered, Even though
we have been pr inar i ly  concerned with the indiv idual  farm si tuat ion we
shou ld  cons ider  the  use  o f  t t l i v ing  

snow fences t '  fo r  the  pro tec t ion  o f
roadwdys. By proper placenent and design the amount of snow removal
necessary to provide access to the far-nstead can be miniur ized and the
resul t ing energy savings real ized.

rn sulmary by ut i l iz ing the var ious aspects of  microcl imate created. by
shel terbel ts we can increase the amount product produced, reduce the
amount of  energy needed to perform var ious tasks and maxiuize the
ef f i c iency  o f  the  energy  i t  i - s  necessary  to  use ,

L71
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