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i ABSTRACT

Effects or rural land-use change on'micro-climate
in~Cenfral Alberta are investigated by compgring the energy
" balances of six différently vegetatéd ;mall piots. The plots
are located at the University of Alber£a Agricultural Ré-
search Sta?iop at Eller;lie,'}o km south of Edmonton.

The six surfaces afg treﬁbling aspen‘(PopuluSrIreﬁ—

. / . ‘
"uloides Michx.), white spruce (Picea glauca Voss), western

snowberry (S. occidentalis), barley, falIBw, and short grass.
All plant species are common locally. The plots are situated
in close proximity to one another, on a relatively flat plain,
thereby negating the effects of varied topogpaphiq ekposure,A
soill type, and timihg of weather events on energy balance
differences calculated among them. Any significant variation
in net radiation, soil heat. flux, sensible heat flux, or
latent heat‘flux. can be traced to the influences of the
landscape é%d Qegetation surfaces themselves.n

‘ B ' .
Statistical analysis of the results reveals signifi-

cant differences in net réﬁiatign,'sensible heat flux, and
soil heat flux. There'iscno significant dif{erence in
latent heat fiux between the plots, despite wide variatiéns
in soil moisture,coﬁfent. ?oplar has the highest net radi- .
ation values, while barley and\grass'pecord the lowes?”
The remaining\surfaces‘ére ranked between these.

The major factors influenciné the energy bélanée.

differences during the gr&wing‘season are albedo, canopy
")/ = .

=



v

' pending on the woodlots' moisture supply.

¢

structure, snow accumulation, and growth characteristics.
Short period variation in the observed differences reflects
bhenological differences among the six .surfaces. Variations
in the plots' soil and air temperatureé are a consequence of

)

the afqremeﬁtioned. )

Results are considered in relation to péssiple
effects of rural lénd—use change on Central Alberta migrq-
climate. It is concluded that a change from farmland to’
woodlots will result in ayaecrease in albedo,.and soil
and surface temperatures, and an increaée in canopy level
air teméeratures. So0il moisture levels will decline with
incre=sing tree density, while an increase will occur if
shel%erbelts. low density woodlots, or shrub\woodlots are
used. -‘Numerous small woodlots will result in an increase
in sensible heat advection from surrounding farmland, de-v

. If‘present land use trends continue, and woodlots
are replaced by farmland, albedo will increase, ébil and
surface temperatures will increase, while canopy level
air temperatures will decrease. As a result, local con-
vective activity may be enhanced, while soil moiéﬁure
levélsrwill decline, depenaing on the use of sh?lterbelts
and/or snoznfences. ’

Differences between these and published results

-with respect to sensible and latent heat fluxes under

woodlots, are due. in large part to low soil moisture v

v



levels generally existing at Ellerslie. Suggestions
for future research should‘emphasize closer exéminatiqna
oft s0il moisture and.snow accumulation under wooded
plots, éanopyulevel air;femperature, wind, water con-
sumption of weed infested fgfiow vs tilled fallow, and
surface reactions under unlim

ited or controlled soil

moisture.
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CHAPTER I

INTRODUCTION

¢

Climate is changing on a global scele. and this
idea has been‘generallz accepted for many years. However,
climate on a micro-scaie is aieo underéoing change, and
this can be traced (at least in part) to the influence
of man: Although the effects of industrial and urban
areas on micro-climate have been widely recognized, man
also affects his environment when the rural lanhdscape 1is
altered. By transforming forests into agriculforalvor
pasture iands, and by stripping the vegetation in advance
of mineral exploration and extraction act1v1t1es, man has
changed the rural mlcro—cllmate Thls 1nd1rectly affects
the watershed as well, since water ‘yield and tlmlng are
dependent on the ﬁatershed's vege}ation_oover[

Recent micro—climetological investigations of
different rural land uses have become quite extensive.
Some of the research has concentrated on global and net
radiation and albedo (Monteith.and Szeicz, 1961; Stanhill et
al., 1966; Federer, 1968, 1971; Impens et al., 1970;
Glover, 1972). Others have examined the flux parameters
of the energy balance, i.e. net radiation, sensible heat,
soil heat and evhporetion.(or laten%.heat), and subse-
quently, potential and actuel evapOtranspiration (Fritschen, -
1966; Rosenberg, 1969b; Dav1es, 1972; Dilley and Shepherd
1972y Prlestly and Taylor, 1972; Blad and Rosenberg, 1974).



While the above s%udies have many implications for
both agriculture and watershed management, they are essen-
.tially examininé gstatic unique chditions. The énergy
balance of a beanfield in Southern Ontari§ cannot be
compared to that of alfalfa in the Great Plains because
of the unique sit;atién existing at.each“of the two lo-
cations. Southern Ontario is a moist region, while the
Great Plains are drier, and‘experience strong sensible
heat advection during summer. Their respective soils
have different structures and different méisfure capac-
ities. fheﬁsurface topography and exposure of the plants
may'Varyg There are latitudinal differences in radiation
intensit&,and daylength. Most important of all, partic-
.ular wgathér events (eg rain) will not occur on these
surfaces simultaneously, so the'stressesvthey exferience
”"Will be of unequal magnitude. Zven studies comparing
different natural vegetation coversyin the same general
location‘(ﬁederer. 1968) suffer from the problem of un-
equal éibosure to climatic elements, gifferenées in soil
conditions;'and diversity of plant communities. Muller'§ :
(1971) study of solar radiation in different coniferous
- stands also exposed this problem of comparison betwéen
different regions. Data from other studies could not - be

directly comparable because investigations had been

carried out over a wide range of solar climates and

:_ because of largely unsatisfactory measures of stand



biomass which directly produce attenuation of the solar
beam downward through the tree croﬁns. Another factor
was differences in soil moisture, and.the ihaﬁility‘to ‘\\\
séparate gvapo%ranspiration from drainage during moist 'kg
periods (Satterlﬁnd, 1972). -

| The word "static" was previously used to describe
the above‘mentioned studies. ~This is due to the fact
that the land use is constant throughout the research.
With the many land use changes that have taken place in
the past, there must have been changes in the micro- -
climate of ‘these locations. Jeffrey (1964) has illus-
trated several micr?-élimate chang%s that are caused by
removal of forest cover. Muller (1966) showed that the
abandonment of farms in New York State, and the subse-
~ quent plapt successionvand reforestatiod of these lands,
had affected the water yield of nearby watersheds. In a
review of recent research in watershed management, Leaf
(1975) has indicated several micro-climate'changés that
can occurbdue to cerfain cutting patterns and practices,
and reforestation.

So, it can be concluded that land use ~ange wiil

n

éffect micro-climate to some degree. Cdnsequently, the
change in micro;climhte has some inf;ﬁence on various
‘human endeavours such as agriculture: fbrestry. and land
use pl?nning.‘ But research into the effects of land use

change on micro-climate have produced more questions than



answers. Jeffrey (1964) lamented that )so little is
confidently known of vegetation-water-climate inter-
actions that a comprehensive list of research avenues
coeld be almost infinite." He included, among a list

of priorities, an urgent need for research into albedo
and energy exche;ge, and how‘they are affected by dif-
ferent species, stand density, and etructure. Baumgartner'
(1965) stated that energy balance studies of different
plant covers were important since they could be used to .
predict the effects of different plant cover treatments.
More recently, Satterlund (1972) echoed the need for more
research on the effects of different plant species on
energy balance. e~ ”

Additional uncertainties exist when trying to
appraise ¢ potential effecfs of altering the ratio of
heating of the surface and of evaporation (the Bowen
Ratio), especially if human activities, ;hch as de-
forestation-and irrigation, are involved (Study of Man's
Impact on Clima.e--SMIC, 1971).

Obviously, the need exists for research into the
energy balance of different types of vegetation covers
experiencing tﬁe same outside stresses. Under natural
conditions, 1t is hard sto imdgine finding a pure conif-
erous stand, a pure de01duous stand, agrlcultural crops

or other plant covers sharlng the same locatlon, soil,

and exposure. If thls situation was common, comparison

/



of the effects of different vegetation covers on the

| “ .-

energy balance could be accompllshed easily, since all
outside factors could be considered constant,‘hence
isolating the effects of the vegetation from those of
weather, soii,‘and topography.

A unique and very suitable reséarch site was
available at the U. of Alberta climatological station
at Ellerslie. This site was utiiized for the purpose -
of investigating and quantifying gross differences in
energy balance between the various forest, agrlcultural
grass, and fallow&60vers that are malntained -at the .
station. Since topographic conditions and prevailing
Weather were‘identical for each plot, the differences
in sensible and latent ‘heat (evaporative) fluxes are
dlrectly comparable to one another. Thus, the potential
effects of rural land use change on micro-climate, and

sybsequently, soil'\temperature and moisture, are

examined.



CHAPTER II

LITERATURE REVIEW
L3
2.1 Introduction

The following chapter includes a brief review of
the background theory to be employed in thls study. Tne
energy and water balance equatlons ba51c to much of cli-
matological research have been in use ever since instru-
mentation and techniques were available to measure or
~derive thelr components Besides examining these and
related methods, thls chapter deals w1th previous attempts
at deriving individual components. Finally, there is a
review of pfevious studies on the effects of land use
change on micro-climate. Such studies may or may not

have employed the methodology implied above.

AN

2.2 . Radiation Balance

2.2.1 Basic Physical Laws .

Physics has prqvided climatology with several
fundamental laws on electro&agnetlc radlatlon. Wave -

length is given by

wavelength (cm. )

il

A=c (2.1) ) A

= speed of light

' ’ -~ (em sec-lf

(¢]
|

v = frequency (cycles

sec



The wavelength of maximum emission is related to the
absolute temperature of the radiating body by Wien's

Displacement Law:

A max = 2.898 x 10~% cm ° K (2.2) T = temperature
7 :

\ | ' K

These two equations yield both the wavelength and speed
of radiation being emitted from the sun ahd the earth
From eq. (2.2), it is found that the earth's max imum
emissions are at much longer wavelengths tHan the suh'sv
because of the earth's lower surface temperature.

The flux intensity of the radiation (I) 1s~a
functlon of the fourth power of-its absolute: temperature,

as given by the Stefan-Bolzman Law:

4

I =¢oT emissivity, which

(2.3) €
o - for a black body = 1.0

'5.67 x 1072 erg,.cm2
-1, -4

Q
]

sec

Eq. (2.3) is important when considering the relationship

between the longwave radiation balance and surpface temper-
\ . - ‘

tature.

)

2.2.2 Radiation Balance Equation

The radiation balance at the earth's surface is

expressed as follows:



Rn = (Q+q) (l-a ) + In (2.4) where
Rn = net balance of
all-wave radia-

tion) (Wm™2)

i

Qtq = global solar

radiation (Wm™2)
a = surface albedo

In = net longwave

radiation (Wm'z)

. This applies 1f both the atmosphere and the earth's surface

are con31dered
Global solar radiation is made up of two com-
ponents, direct-beam solar radiation (Q), and.sky diffuse

radiation-(q). Of the solar.radiation incident on the

top'of the atmosphere, an aﬁerage of 22% reaches the

earth's surface as diffuse, and 31% as direct-beamn solar

' radig%ion (Sellers, 1965). Cloud cover affects the ratio

of dlrect to dlffuse by proportlonately increasing the

,dlffuse component and redu01ng the direct component. The

former 1s almost 1ndependent of solar elevatlon. However, .

since complete diffusion of light can be attained in nature

-

only with a low overcast cloud cover and very low sun alti-

-tudes, measurements on most cloudy days will include some

direct-beam radiation.
Beer's Law descrlbes the reductlon of flux den31ty

as an exponential functlon of the depth of the homogeneous

o



abéorbing medium:

I

I = To exp™ (2.5) | Io iﬁitial flux
intensity (Wm"z)
I = flux intensity
@ after passagé“
 through a depth X
of the medi;m‘(Wm—z)
m = extinctibﬁ coeffi-

i

cient of the medium

The e*tinction coefficient depends on the quantitiés and
characteristics of the maJor absorbing and scatterlng
materials within the medlum. such as.gases, water drop-
lets, dust, or other suspended material. The situation

is further complicated if the medium is a plant caﬁopy.
since its architecture is(rarély completely homogeneaqus.
Besides this, the variation of species and their seasonal
changes’ (such as the sheddlng of leaves by de01duous hard-

A woods) affect the canopy's geometry; and thus, the radiation

r

balance of that sufface.

Changlng weather conditions must also be con31dered
when examlnlng the radiation input avallable at different
locatlons within a plant canopy. On cloudy days, the
higher diffuse compoﬁent of incoming radiation is instru-
’mental in creating a hlgher ratio of be low canogy/above

canopy radlatlon (Cohen, 1975) The absolute value of

a



radiative energy reaching a forest floor may not vary
significantly from cloudy so clear days (éince the higher
ratios occur dqring periods of lower eneré& input), there-
by creating a daily radiatgon input that is'much less
variable than that of an open field. An open field

has no overhead canopy cover thét can;inyercept much of
the direct beam component.: Obviously, this must affect
the longwave and energy balances as well.

Surface albedo (a ) represents the fraction of
incoming raqgation reflected by the earth's surface upward
into the atmosphere. *Monteith~(1959) showed that most‘agri—
cultural crops which completely sh?de the ground'have a mean
albedo of O.26K while most grass surfaces have an only
slightly lowef albedo of 0.25. Both values showéd remark-
able consistency throughout the growihg season. There will
(be'some variation over the course of a clear day with a high
direct-bean cémponenf, due to the roughness of the grppndﬁ
and canopy surfaces, the changes in’sun angles, and the .
presence or absence of moisture.

Albedo values for a variety of natural surfaces
are shown in Table 2.1. In general, vegétaﬂive surfaces
have higher albedos than bare ground. Albedo of forests
(especially needleleaf forest) -is, in most cases, slightly
lower than both surfaces. Budyko (1974, p. 13) explains
that.thiS»phenomenon is probably a result of better con-

ditions of absorption within the limits of deep'vegetatioh

o2
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cover, where there is an increased probability tha% solar
radiation fluxes having penetrated the §egetation will be
absorbed after their first reflection from elements of the
vegetation. However fgrests shéw marked albedo differences
between species, and this could be a result of stand height =
and dénsity. or reflectivity of individual_leaves and
needles.l

Although'moisture content and solar elevation are
major factors in albedo variance, prevailing weather is
not, as the difference between mean albedo values of clear
days and all days is negligible (Polavarapu, 1970). -Albedo
measurements taken juét above the canopy give significantly
higher values than alrborne measurements, because of atmos-
pheric attenuation of the reflection component, hence, the
ébove canopy measurements are considered to be more pert-
inent on a microscale (Rouse, 1965).

Since o is the reflective compbﬂent of globél solar °
radiation, then (1 -4 ) is considered the absorbable com-
ponent, which makes up the ;argest proportion of the net
radiation balance. This is contained in thévshort'wave—
lengths from 0.15 - 4.0 microns.

The net longwave component, unlike the shortwave

radiation, is readily absorbed in the atmgsphere at all

lA detailed review of albedo for various coniferous
species can be found in a review by Jarvis et al. (1976).



but a narrow band of wavelengths, 8.5 - 11.0 micfons.
usuaily referred to as the atmospheric windo&, Longwave
flux egissions can be related to temperature by eq.‘(2.3).
The sun 1s assumed to be a black body (e = 1.0), that is,
one which absorbs and emits all the radiation falling
upon‘its surface. Most bf the earth's natural surfaées
are considered grey bodies with emissivities somewhat
less "than 1.0. Most forests and grasses, for example,
have an emissivityqdf 0.90 (individual leaves may be
higher), while val&es for most bare soil surfaces range
from 0.89 - 0.98 depending on moisture content (Sellers,
1965). -

Longwave energy emitted and absorbed by the
atmosphere without clouds present is, in general, deter-
mined by the presence.offWater vapour and carbon dioxide,

—_—

ﬁnd much less on ozone. The atmosphere actually emits
longwave radiation both to the earth's éurface and to
spacé,~but the downward flux usually originates in a
lower aﬁd warmer atmosphere than does the upward fl;x, e}
the atmosphere will emit more energy fb the earth's sur-
face than to space. Therefore the longwave balance will
usually be negative, and this, combined with the short-

wave balance (which is positive during the day and zero

at night) creates a net all-wave balance which is:positive

during the day and negative at night, depending on the sun's .

elevation and the degree of cloudiness. From this, it isg
o

15



evident that radiation inc¢ .. at the surface will also be
affected by location, top"vephy, and time of year, de- .
”spite the fact that the sun emits‘radiation'at~a constant
rate of approximateiy 1,359,74 Wm-zmin'l (1.95 1y min“l).
Lambert's Cosine La@ defines the radiation emitted as
varylng with the cosine of the angle between the normal

to a sur}ace and the dlrectlon of radlatlon Therefore,

an inclined surface oriented towards the sun will receive °
| greater radlatlon 1ntens1ty from the sun, and this has a .
large effect on the micro-climate of thatAsurface;

As o values for Jnost agricultural cfops are
relatively constant (when there is full canopy coverage)
SO are the values of Rn. Freely transpiring vegetation
does not have large differences in surface temperature.
Therefore, if crops are in similar environmental condi-

~

tions. small dlfferences in longwave emission would result

(Montelth 1959). However, a change in albedo can be ex-
- pected to change the surface temperature, its longwave

emission, and its net radiation.

\

2.2.3  Recent Work-+Vegetation Transm1ss10n Regression .
Analysis, anq Variations in Albedo

Several recent studies have focused on the effects

of vegetation on the ra?latlon balance. There were differ-

1
ent objectives availabls for workers to pursue. Little

work had prev1ously been done on radlaflon distribution

16
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in forests, and there were se&eral'un swered'questions.
The s atial variation of direct, diffuse, and net radiation
within plant canopies was unknown, and researchers desired
to find this out in order to determine how much 1nstru—3
mentatlon would be necessary to measure the' energy avail-
able within the total plant area for snowmelt, evaporation,
evapotranspifation, and photosynthesis. Other questions o
were: What was causing the spatial variation of radiation
within the same plant canopy? Could\this spatial variation
be.approximated.statisticaliy? How much of this radiation
was being reflected? Was there a temporal variation?
Could water stress be a factor in net radiation or albedo?
Also, 31nce global radiation measurements were‘more readily
,avallable than net radiation data, could global be used to |
predtct net? . ’ o

Within ths last decade, thsre ha;; been attempts
to resolve these questions. Anderson (1970) examined the
spatlal variation of solar radiation within foreit and
Crop canopies at Madingly Wood, £ngland. She found that
while the fraction of diffuse radiation was not much
affected by weather and shoﬁsd little spatial variation,
. the fraction of direct beam radiation transmitted varieq
as solar’altitude changed. THere was also considerable
spatlal and day to day varlatlon because of local varla-
tion of canopy structure and cloud duratlon. Relfsnyder

et al. (1971) found that this extreme spatial variation



necessitated the use of 10 instruments to determine a

fi i1 day averagé value under a pine canopy at New Haven,
Conn., and many times that number would be required to
estimate instantaneous radiation. For hardwoods, though,
only one is needed for a full day averagé. Apparently,

the different canopy structures of hardwoods and conifers
yield different direct beam radiation profiles within thea.
While an exponential-extinction law similaf to Beer's yaw
appeared to fit the‘coniferdus canopy, a constant-ratio
law sufficed for hardwoods. Therefore, while the conif-
erous cover was acting as a uniformly scattering mediﬁm.
the hardwood canopy acted more like a layer of horizontally
flat leaves. Since the extinction coefficient of Beer's
Law is a constant characteérizing the optical opacity of.
the canopy, the difference in canopy structure is all
important. This became a factor in the difference in
instrument requirements for each canopy.

Federer (1968) had found a range of 0, 03 in the
spatlal variation of albedos 1n hardwoods, while for several
vegetation covers, including conifers and herbaceous plants,
_fhe range was 0.13. The surface {emperature range for
hardwoods was 1 - 5°C, while a larger range, 5 - 11°C
existed for the other covers. These ﬁwo factors were
_seen as the main cause of spatial variation in net radiation,
which was %0.92 Wm'zmin"l'(0.0B l& min'l) f&r hardwoods, and

o

76.70 Wm™ “min~ L (0.11 1y min"l) for the other covers except

[N ! - ‘\

o
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in winter. However, a more controversial conclusion
arrived at Qas that one or two measure énts of net fadiaf

. tion within each cover?typg,were sufi.cient for calculating
mean net radiation Values.‘if the instrument was placed
high enough to sée the trowns of a number of trees.
Reifsnyder et al. had disagreed, and Impens et al. (1970)
later found that durlng sunny conditions with a high ‘
direct beam component, extreme values were generally
much more frequent than meaﬁ/??]vvs in several crop can-
opies. This suggested that\iﬁe determination of mean
net radiation by iew measurements may be grossly inade-
quate. They‘concluded that several dozen instruments
migﬁt be needed tb determine even 12 hour totals of net
radiation with reasonable acéug?cy. . |

Besides this spatial vériatiqn, temporal ;ariations

of a diurnal and seasonal nature, were féund for albedo.
*Thi§ variation is important because of its impliéations.
.forvnet radiation. Kalma and Badham (1972) found that
seasonal changes in the albedo of grasses were very likely ¥
due to changes in the surface characteristics of the vege-
tation. On a diurnal scalg, however. a general 1ncrea§e
wés observed with increasing zenith angle, and this must
be due to the fact that natural surfaces are not perfect. '
dlffusers,\gnd specular reflectlon becomes more important
at lower sun elevations. This situation would only occur
under periods with a high direct beam component as bpposed

G,
«
o
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'ts diffuse. Under ' ercast conditions, the evenness of

the light would not allow the different vegetation prop-

erties to assert their respectivs influences on albedo.
Anothér factor that appeared to affect ;lbedo was

water stress. Ka}ﬁh and Badham (1972) found that wetting

|of the underlying soil caused a decrease in albedo, while

. under periods of water stress, an increase in albedo oc- -

curred, leading'to a decrea in surface temperature

(Kalma, 1972). Similar resdlts were obtained by Glover

(1972), although his findings were partially based on-

visual observation. However, he used regress1on analySLS

<

of net vs. global radlatlon to determine the albedo change

between stressed and unstressed vegetation, and found an

increase of 0.12 during the water stfess period.
Regression an;lysis‘was, by this tiaé. widely

used to estimate net radiation from global, because of

its;simplicity, and the resulting high correlations. This

linear relationship can be expressed as follows:

]

Rn = a(Q+q)+b: (2.6) a = slope

- b intercépt

1]

\\Iggmslope and iptercept terms are components of the equation

of the line. Eg. (2.6) is generally applied” to grass or
crop~surfaces;'to dsy-time net radiation, and to the snow-
free.season.. Accuracy is acceptable, although there may
be problems with the 1ntercept due to lack of data near:

the origin (sunrise and sunset periods when global is



. near zero, and Rn is ofteh‘negétive). This error can be
reduced, however, by applying daily or hourly radiation
valu%s.' |

-

‘ Attempts had previousiy been made to improve
eq. (2.6), the most noteworthy being the heating co- -
efficient (Monteith and Szeicz, 1962). Idso (1968)
élaimed that this was invalid because it considered net
longwave radiation loss to beba linear function ofbhet
radiation, which is a physically uﬁrealistic'assumption.
 Gay (1971) went further, when he.gtated that (Q+q) was

" being autocorrelét;h. and that regression analysis was
pro@ucing,useléss results. HoWever, other studies such
as élover's, continued to use eq. (2.6) because it was
fulfilling its purpose. Albedo could be inserted into
the regression model to éroduce different regfession
slopes, heﬁcé, different results for net radiation, be-

cause of the variation in global radiation abc.cption of

.different surfaceg.

&

2.3 Energy Balance

2.3.1 Energy Balance Equation

The energy balancer at the earth's surface is

expressed as follows:

! ¢

Rn = HHLE+Gs+ Y+M (2.7)

o
"

sensible heat flux

(Wm™ %)

»



which are an energy source and would be 1ncluded on the

22

L = latent heat of
vapourization
(cal. gm™1)

E = quantity of water +

evaporated (gm cm™?)
s50il heat flux'(Wm-z)

[P]
07}
]

Y = photosynthesis (Wm™2)
N " M = miscellaneous ex-

changes (Wm™2)

The L and E terms combine to make up the flux of latent
heat (units are. cal cm™ 2 which are converted to Wm_z).
M includes eénergy exchanges which are due to metabolic
aétivity-and the storage of heat in the plant tissue or
the volume of the éanopy.

Eq. FZ.?) is an approxiﬁate term and .does not
include effects of snowmelt, whic; would affect the right
side of the equation by about 6,970 Wm -2 day l, heat trans-

fer by precipitation, whlch would affect Gs, wind effects,

left side of the equatlon and other biological influences

such as oxidation of substances (e.g. by fire).\ Also, since

the sum of Y and M terms is ushally smaller than the experi-
mental error in measurement of the major components, these

are generally ignored so that

Rn = H+LE+Gs (2.8)
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adequately describes the energy budget of the earth s .
vsurface (Rosenberg, 1974).

At night, with no shortwave radiation available,
Rn equals ILn, which is usually negative 31nce the earth
is radlatlng more heat than it receives from cloud trans—
missions. Therefore. S

In = H+1E+Gs . (2.9)

The four components.of eq. (2.8)‘can be directly
measured or calculated from other parameters. such as
temperature and vapour pressure (Sellers. 1965). Rn and

Gs can be dlrectly measured. H is calculated using the

following equation:
~

H = 60 paCp gh d’I‘/d% (2.10) = pa = density of air

(1.13 x 1073 gm cm_3)
Cp = specific heat of

air at constant.

pressure (0.24 cal
gm"l deg-l)
a h = molecular diffusiv-

ity of air for heat

(0.16-0.24 cm? sec™2)

temperature.gradient

dT /a2
within layer of 2

thickness
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This applies from the surface to the top of the laminar
sublayer. Above that, the airflow becomes turbulent "and
ah is replaced by Kh, the coefficient of turbulent ex-
change, which may vary from near zero to 10,000 cmzsec—l.
% can then be calculated as the residual term of the energy
balanee equation. On the other hand, E can be measured
using lysimeters, atmometers (poreus ceramic or porous
baper evaporating surfaces cohnected‘to a water reservoir),
or evaporafion rans. In that case,.results for H can be
determined as the residual term of the equation.
"Evapotranspiration” (ET) is used to describe the
total process of water transfer into the dtmosphere from
water and vegetated iand surfaces Soil evaporatlon (as
well as evaporatlon of 1ntercepted ralnwater) and plant
transplratlon occur 31multaneously in nature and since
the two terms cannot be distinguisheq easily, their com-
bined effects are lumped into this term. ET can be esti-
mated hydrologically, using a form ef water Balance

‘equation:

rainfall + irrigation - runoff - A PW -percolation

= ET : (2.11)

where APW is the change in volume of water stored in the
soil during some specified time period. There are problems
with this because of measurement difficulties,\as well as

theoretical difficulties with percolation and A PW. _However,
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due to the climate and soil condiéions of Central Alberfa,
runoff and percolation can be neglected; The local runoff
hazard is low, due to the low precipitatien and gqperally
flat topography. Also, during the growing season, the

soils of this area normally contain much less moistufe

than their moistﬁre holding capacity’. Therefore, the chances
of deep percolation are also negligibie (Verma, 1968). Since

there is no irrigation here, eq. (2.11) becomes

rainfall. - APW = ET _ (2.12)

2.3.2 The Case for the Water Budget Approach

In order to complete the calculations for the
energy balance, either H or LE had to be determiﬁed by
whatever means’avaiiable. Eq. (2.10) would be very
difficult fo use becausl of the Kh term, which is ex-
tremely variable. The temperature gradient, while easy
to measure, weuld&not be valid in this situation because
of the characteristics of the field site to be used in
this study. The plots range in area from 85 - 500 mz,
and with such a small fetch, advective effects will be
pfominent for any temperature measurement taken above the

plot surface. Therefore, the LE term will be -calculated

while H becomes the residual in eq. (2.7).



IF now becomes necessary to decide the manner in
wﬁich Lé can be approached. Only the water balance (or
water‘ﬁudget) method has been described so far, but there
are many others, including the Bowen Ratio, the resistance
approach, and the Penman ‘and van Bavel combination methods,

The Penman method involves the uée of several
empirical conétants, but also requires knowledge of vapour
pressures, sunshine duration, « , Rn, Wind speed, and mean
air température. The van Bavel method depeﬁds on the esti-’
mation of surface roughness. The resistance approach re-
quires knowledge of air and leaf stomatal resistances,
sincé these have profound influence on sensible heat trans-
port and leaf transpiration respectiVeiy. lhis is an anal-
ogy of Ohm's Law, since the latent flux is being regarded
as a:potential difference (in this case, T and vapour
pressure graéients) divided by a resistance (Davies, 1972).

Other methods, including the aerodynamic approach
and the eddy correiation technique, have been hindered by
instrumentation diffiéﬁlties. An example of thisf is McBean's
(1968) study of turbulent fluxes within a forest. Results of
some recent studies appear to favor the Bowen Ratio, because
| the resistancé appfoach has not been perfected yet, the
Penman comblnatlon method has been shown to serlously under-
estimate water loss under conditions of strong sensible heat
advection, and the Van Balel method was very sensitive to

windiness (Rosenberg, 1969a, 1969b, Rose et al.. 1972). It

<.



thus becomes appropriate at this time to briefly examine
the Bowen Ratio.
Given the energy balance equation (eq. 2.7), and

assuming soil moisture is not a limiting factor, so that

L4

Gs can be neglected since it constitutes only a smaill
fraction of Rn, H and IE can be expressed as functions
of the exchange coefficients Kh (for sensible heat) and

Kv (for latent heat) respectivelys:

H = -Cp ps Kh (dr/4z ) (2.13) R = preséure (mb

LE=:23—;JLP Kv(de/dz) (2.14) €T

Il

ratio of mole
weights of moist

air to dry air

de/dZ = vapour pressure

gradient within

layer of Z thick-

ness

pa = density of air

Other symbols have been'previously défined. Subsequently,

the Bowen Ratio (8) can be calculated thus:

H RCp .
B = o = EEE (dT/?e) (2.15) .
b
A;so; g = %% ~- Rn - ig - Gs or, IE = R? < gs (2.16)

An important assumption in simplifying the equation is

Kh = Kv,

:
ko \
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8 can vary between +u for a dry surface (LE = 0)
to -1 for an evaporating wet surface for which all the
energy necessary for evaporation is supplied by convection.
In o%her words, there is no net radiation gain so that
~H = -LE, and energy is directed towards the surface. 8
may be very close to zero when LE is at a maximum, and
LE = Rn-G. In the case of sensible heat advection, g is
greater than or equal to 1, and IE is greater than Rn-Gg.
Fritscﬁen (1966) used the Boﬁen Ratio method on
six différent irrigated crops, and fouﬁd]that ET rates
were 1.0-1.8 times that of Rn, indicating that large
amounts of energy were being extracted from the air mass.
He found the Bowen Ratio to be good for short period obser-
vations, and one of the few methods that would yield valid '

results when crops were subjec%ed to heavy and frequent.

irrigation, or where high water tables were present.,
Denmead and McIlroy (1970) compared evaporation calculated
from the Bowen Ratio to lysimeter measurements and founq
the results to be,accuréte within ib.l mm hr"l. They also
confirmed that the assumption of equality betweén the eddy
diffu;ivities of heat and water vapouf}jupon which the Ratio
calculations could be simplified, was valid (at least over
the range of instabilitiesgéiamined in the study).

Fuché.énd Tanner (1970) found a way to reduce the

effect of a potential measurement error ‘on the Ratio.

Apparently, wet and dry-bulb temperature measurement

28
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errors were found to be directly proportional ta _the Ratio.

The smaller the temperature gradient between the two measure-
ment levels, ﬁhe greater the potential error, which would be-
come infinity at isothermy. If the temperature of the two
air streams would be equalized, using differential psychro-
meters, the measurement error would become independent of
the calculated Ratio.

Rouse and Wilson (1972) actually used the Bowen
Ratio as the standard with which.to compare another method's
accuracy. This was éémeﬁhat premature, alfhough it probably
did not affect the conclusions they drew on the usefulness
of the method examined, that being the water budget approach.
It was found that this was reasonably accurate for long term
pefiodéc but could not give good daily estimates of ET, due
to unavoidable iarge potential errors in meaéuring soil

moisture. The use of neutron scattering devices was found

.. _to be more accurate than the gravimetric method, but on a

day to day basis, this could not be relied upon for soil -
moisture measurements. |

Meanwhile, Diiléy’and Shepherd (1972) tried using
a formula of the combination type,vand‘the_class A evapor-
ation pan. TheseAwez compared wifh lysimeters, and both
of them correlated well for estimating evaporétion ovér
irrigated grass and soil. Over a more variable and water
senc . "ive surface, such as potatoes, correlations wire some-

X,
what .ower, but still satisfactory. However, there wa§ high

29



local advection, and considering Rosenberg's findings

(1969a, 1969b), and the local situation with respect to

30

the siting of lysimeters, these correlations must be con-, R

sidered suspect. Davies (1972) also used the combination
model for actual evaporation calculations over a non-
irrigated.beanfield. He found that the equilibrium evapor-
ation results were closer to actuél evaporation than to ‘
potential evaporation.l Since advection was not occurring
at the site, the results can be considered valid.

In a study examining non—steady-state conditions,
when advection is prominent, Rose et al., (1972) found that
the rate of energy stored within a crop canopy (V) was im-
portant in this situation. It.was irregular ~in character,
and’ofteh as large as Gs. Therefore, it may not be justifiable
to neglect this in the energy balance equation. This could
affect not only the combination model, bu the Bowen Ratio
~as well.

Blad and Rosenberg (1974), 1like Rouse-énd Wilson;
had used the Bowen Ratio as a field standard, but it was
first calibrated against a lysimetgr, and underestimation

of ET by about 20% was found during advective peribds. This.

is in agreement with Rose's and Rosenberg's findings. It

lEquilibriumand potential evaporation are special cases,
requiring modification of the combination model. The equi-
.brium case occurs if the evaporating surface is located
\ . .
-mwind from a long fetch over a moist surface. However,
i1 the air next to the surface is saturated, this becomes
the potential case (Davies, 1972).



was suggested that under these conditions, the heat and
water vapour eddy diffusivities were‘ﬁot equal, and as
previously mentioned, their equality is a factorvin simpli-
fying the calculationsvof the Ratio. Adjusting the rat}o
of these eddies to a value favouring the heat eddy would be
sufficient to correct the observed underestimation. Ob—‘
viously, these eddies would require furfhef study, and
until that time,~tﬁe Bowen Ratio could not be considered’

a "univer:al" standard with which to compare otﬁer methods.
_That role is still occupied by the lysimeter.

It becomes épparent that the Bowen Ratio will suffer
from the same problem as the other approaches-—advective
effects/caused by the small fetch of the plots at the field
site. Due to the unavailability of an instrumeht as large
and expensive as a lysimeter (and at least seven would have
. been necessary).‘the wéter budget becomes the most feasible
method available. It is not significantly affected by the
size of the plots, and equipmént is available' for the fre-
queﬁt soil moisture meésurements that fhe method requires.
'The H/LE (or é) values however, can be used for analysié
purposes, since they aiiow for quick comparisons of energy
utilization to be made between surfaces. B values will be

calculated from the final results for H and LE.

b
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2.4 Effects of Land Use Change on Micro- and Macro-Climate

2.4.1 Albedo and Energy Balance

Stémmlng from prev10us dlscus510n of items of the
energy budget and the factors 1nfluenc1ng it, one can now
appreciate the 51gn1flcance of the effect of a land use
change on the various items. A brief return to Table 2 1
reveals that deﬁ%restatlon of deciduous trees in favour of
agriculture or pagture may increase albedo as much as 10-
14% because of greater bare soil £exposure, whlle larger
increases would occur if the original cover was coniferous.
Similar increases oceur for revegetation of bare ground with
grass. vDeciduous reforestation of a bare area (as well ag
the reverse process) would havé-little short term effect:
on albedo." Héwever. if’ the 5011 was to remain bare for
long, and become a desert w1th a very dry surface crust,
its albedo woulg sharply increase (sMIC, 1971; Satter}und,
1972). | |

A higher albedo will reduce thé absorbable com;
ponent of eq. (2.4), thereby reducing the amount of energy
available for heating the surface or for evapotransplratlon.
If the reverse land use change occurred, the resulting lower

albedo would theoretlcally yYield a higher surface temperature,

5N

because of greater e€Xposure of bare ground in the wheat -
“field. Ur‘x.f‘ortunately.0 the two 31tes.were not examlned
81mu1taneously



depending on the soil moisture supply‘and other soil
characteristics. It is important to note that the ground's f
surface layer acts as a heat reservoir--absorbing part of
,tae excess heat of midday and summer, and refurning it

during the night and winter- to the atmosphere. This stor-
age lessens temperature extremes and acts-asla climatic
stabilizer. but of more short term imﬁortance ie its abil-
ity to radiate heat quickly. This creates steep atmospheric
lapse rates. whlch can easily lead to convection and heavy

turbulfwce. So it is not surprlslng ‘to find that higher E
values for“H and lower LE values are common for bare s01l
‘_(Satterlund 1972). Meanwhile, vegetated surfaces w1th
thelr lower radlatlon absorption rates (due to highér al-
bedo) and’ better insulating quallthes, show .lower heat
emissions and greater storage. This creates a stable iapse
.rate{ and at night, inversions are more likely fo occur
_over this surface;hthan over bare soil."Baumgaftner's
‘(1965)‘findinés would seem to supporf this view. He com-
pared toe\energy balances of several different surfaces.

in Germany, a™ found that bare soil had the hlghest sol
heat flux rate. (Table 2.2). However, bare soil haSég{zl
smallest Gg/Rn ratio, which could indicafe thataa land use
change will not result in a linear change in eifher eoil
heat flux.'or the other oarameters of the energ§ balance.

Another a§pect ofbland use change is plant species

and stand densit&. Dilley and Shepherd (1972) cite seasonal

°
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change in crop structure, change in species combiﬁétion.
as well as plant physiology, surface geometry, ané local
environment as faétors in land use effects on climate.
Fritschen (1966) claimed that higher stand density leads
to higher LE/Rn ratios because the reduced bare soil ex-
posure provides greater insulatioq. This view was con-
firmed By Satterlund (1972). Howéver, Timmons et al (1966)
found that corn evapotranépiration rates were not signifi-
cantly affected by stand density, though it was noted that
higher stands usually (but not always) had the highest
evapgtranspiration rates. The water budget approach was
used in the Timmons study, with a sufficiently long time
span employed befween soil moisture measurements. |

Iﬁ a review'of recent literature on coniferous
forests, Jarvis et al (1976) confirmed Dilley and Shepherd's
- views, citing cloud cover and” canopy wetness as two important
local environment factors. For most sites, irrespective of
species, the daytime B of a dry canopy varied from 0.1 to
1.5. and_when the canopy was wet with rain or dew, between
40.7 and 0.4. However, certain locations show much larger
valués;'éxceeding those fc— field crops, and in some cases
by abvery large margin. It has been found that 8 values
depend particularly on the stomatal resist;nce. but also‘
on the general climatic énd local weather conqitions at
the site. For continental climates such as Eilerslie's:

" higher B8 values are expected, as opposed to oceanic sites.
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Jarvis et al. also quote values for LE/Rn at Fetteresso, U.K.

. When the canopy was wet, values were close to unity, since

most of the water was used for evéporation, but under dry

conditions, values ranged from 0.25 to 0. 5. The authors ; /

conclude that the evaporatlon from dry foliage is only about

" 5% of that from wet foliage exposed to the same weather be-

cause the diffusion re81stance of the canopy is much greater

than that for air under dry conditions. ) )
Rauner's (1976) review of studies 1nvolv1ng deciduous,

'forests reveals that LE dominates the picture, especially -

during the second part of summer. During this perioo small |

forests less than a kilometer in diameter create an "oasis"

effect which reduces H to zero or even to stable regative

quantities, In other words,.the surrounding countryside

supplies the forest with heat, This is also common in ir-

rigated lands, and around springs and other moist areas )

'under dry weather and in arid regions. Even in humid areas

when Rn is low, advected'sensible heat may contribute appre-

‘c Yy to evapotranspiration (Satterlund, 1972). For iarger

forests, this effect is rather weak.‘ However, a similar |

effect can still occur if warm dry winds prevail over larger

wet areas, even for a short time period. The chinook has

been shown to affect a whlte Spruce - fir forest at Marmot

Creek Alberta, in thls manner (Storr et al., quoted bv

‘Wilson, 1974),
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Seasonal change in vegetdtion structure affects
values in deciduous forests. During early spring as leaves
appear, g changes drastically from near unity to near iero.
and maintains this level until defoliation in autumn. Rauner
also states that deciduous forests seem ablg to use soil
water very effecti?eiy. Phe'structure of their heat bal-
ance depends less on soil water than herbaceous vegetation
Or crops under comparable conditions. | |

Recent grassland studies were reviewed by Ripley
and Redmann (1976). At Magédor. Saskatchewan, a 1971
egperimgnt revéaled that 8 values approached unity,during
late summer, but this was mére due to lower Rn and LE values,
since H was fairly steady. LE/Rn was 0.7 in late July'and
0.5 in August, with Gs accounting for about 7% of Rn. Ap- -
parently, a large part of the de;rease in LE was due to. |
increasing transpiratiohland transpifing lear arear(mainly
the result of water stress and high leaf temperatures).

The remainder was attributed to tﬁemdecreése in evaporation
from the soil due to the drying of the upper layers. De-
§pite-the fact that much of the total root biomass igzabove
50. m, é%he steadying of é'near unity during drought %on-
ditions ih late August indicates that the vegetation *as

able to use soil water from lower depths. ﬁAnother exphan-
ation put forward by the éuthors is that stomatal closu\f
and perhaps internal plant and soil resistances,would limig

evaporation during much of the day during the evaporative \



demand period of late July and early August. These effects
would be reduced in the cooler month of September and evap-
oration might continue through the midday period.

Energy balance changes can act as indicators of
alterations of other climate parameters. Fritschen (1966)
concluded that higher LE/Rn ratios indicated warmer air
temperatures, while lower ratios indicated higher atmos-
pheric vapour pressure, Higher ratios, especially those
greater than 1.0, indicate that energy is being extracted.
from the air mass by the plants. On that basis, Fritschen's
experimental results indicated to him that broad leaf plants
. use more water than grasses. He attributed fhis to théir
rougher and more rigid surface structure which would allow
greater energy extraction from the air mass in the form of
sensible heat.

' Table 2.3 illustrates a theoretical change in energy
balance if forest is converted to agricultural use. This
assumes an incoming shortwave radiation intensitx of 125 W™ 2
and an outgoing infrared radiation level of 50 Wm-z. It is
interesting to notice the difference between wet an& dfy
- arable surfaces. Apparently, the first priority of energy
use is to evaporate water, hence a low g value. Once ET
Is satisfied, the remainder of the energy is used to heat
the surface, and 8 increases. ‘

Natural grassland, which is found in semi- arld and

prairie regions had the hlghest g value, but this is still

H
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well below typical desert values of 2.0 - 6.0 or. higher.

\ Coniferous forests have higher sensible heat values than
deciduous, due to its lower albedo. This will probably

‘ meaﬁﬁﬁérmer temperatures during high radiation periods.
During periods‘of low radiation, the surface's emissivity
-and insulating qualities determine temperature levels.

Many scientists believe that the energy balances
created_by widespread deforestation could be enough to
significantly alter circulation patterns, especially in
tropical areas (SMIC, 1971). In the mid-latitudes, espe-
cially the‘prairie.regions whicﬂ are only slightly wetter
thaﬁ deserts, Bowen Ratios become very important indicators
of‘climate trends. If g is greater than 1.0, it indicates
very high sensiblé heat levels, low availability of moisture,
‘and a warm continental arid climate.

At the present time, little replacement of temperate
forests'by arable lands is in brogress. Indeed, there are
many marginal farm areas that have seen a return to foresf
cover, such as the Piedmont area of Georgia (Bren@er, 1974),
Central Manitoba (White, 1975), and Northern New York.
V(Muller.:l966). However, urban expansion ;nd mining ex-
ploration may create a very different trend, with its 6wn

unique effects on climate. .

4o
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2.4.2 The Hydrologic Cycle

Land use change alters the surface cover, and so,
has a profound effect on the various components of the
hydrologic cycle. But many of the changes are not obvious,
and in the final analysis, it is difficult to conclude
whether there will be an increase in water yield, or a de-

- crease, without first considering a wide range of factors.

| Deforestation is a fairly drastic land use change,
whether conifers or deciduous trees were the original cover.
So the question is asked--what changes will occur if an
area’'s forest cover is removed? -To answer that, each hydro-
logic component, as well as‘thé area's forest.cover must be
considered. Air temperature, wind, and absolute humidity ;
are affected, too, and since these factors influence evapo-
transpiration; they are discussed here.

In general, deforestation results in increased:low—
‘level (low altitude) maximum temperatures of from 1 - 5°C
in the wérm season énd from 1 - 2°C ih the cold-sééson. The
warm season temperéture change is dependent on forest type.
In addition, minimum temperatureéidecrease 1 - &Cin all
seasons. Therefore, a 1 - 9°C greater temperatﬁre range
is produced on a monthly and annual basis (Changnon, 1972).

Absolute humidity at and near the surface.is re-
duced 2 - 25%, hepending on cover, forest type, and the

new land use type. The amount of moisture added to the

-atmosphere by evapotranspirafidn is lessened, but since -

({ N
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i

low level winds in deforeeted areas are increased 2 - 4
times, a greater rate of evaporation (and more wind erosion)
from the so0il occurs, partially offsetting the reduced evapo-
transpiration. It has been suggested, that increase in
drought frequency and a general drying of the climate in
eastern Eurobe have“been due largely to deforestation and

to poor surface water management, which together leq 35 a
lowering of the soil moisture. Other controversial questions
concerning land use and climate include deforestation's
-effect on rainfall productidn in the Mediterranean. and
climate‘changes in semi-ariq regions caused by cultivation
o%-previously undisturbed grasslands (Changnon, 1972).

These are macro—scale phenomena, and are beydnd the scope

of this study, but they are worth mentioning because they
1llustrate the potential magnitude of the problem.

The components of the hydrologic cycle include
interception. throughfall, infiltration,'runoff, and evapo-
transpiration. If deforestation occurs, interception losses
will be reduced and throughfall Will‘increase. If the area
is on a slope, this would affect surface runoff and erosion.
However, the new vegetatlon will be dlfferent in density
and follage arrangement so as to reduce ‘the effects of wind
while it is becomlng established. These "replacement plants"
may transmit or reflect more radiant energy from leaf sur-

- faces, or transfer absorbed heat to surroundings more ef-

fe'ctively, so that less is used in transpiration. Also,



43

they may have a shorter period of soil moisture use or a
shallower or perhaps, less efficient root system, and thus
extract less water from soii storage (Jeffrey, 1964).

On the other hand, not all grasses have shallower
root systems than trees or shrubs. Grass species vary
from one to the other, just as do trees. Comparisons
must be made--species vs species--for the kindsﬁof sites-
under consideration. For example, fhe conifers\;ave not

been shown to use either more or less water than hardwood

trees, with similar rootlng depths (Jeffrey, 1964{/Satterlund,

1972). Trees and shrubs-“’
areas of high watervtaEfaéw

amounts of water. - Tran:

creasing up to a certaln‘age, /éggllingﬂgff, and then de-.
creasing (Jeffrey,_l964) | "

Infiltration will be greatly affected hy age, stand
density, and human ac£ivity.. High infiltration rates occur
in dense, old, and undisturbed stands. Highest rates occur
in undlsturbed forest while lowest rates occur in overgrazed
pastures and in cropped fields. Rates will 1ncrease if the
area is reforested thereby reducing runoff. Consequently,
streamflow leaving the drainage basin will be.reduced
(Muilerl 1966). |

Time of year will be a factor when comparing the

 water use of different tree species in the same location.

Satterlund (1972), stated that the seasonal pattern of



soil moisture removal is different for aspen and sprucefin
Colorado, or reqd pine and oak in Michigan, to name two
examples.

Despite the effects different plént species may
cause, there is still one basic similarity among them--
their presence on the surface and their roots below, If

the s0il is bared, only a very shallow depth is dried since

q LY

there is less energy available to transfér deep into the
soil (depehding on albedo angd H”values), as well as the
lack of roots to cause water uptake (Satterlund, 1972;
bMullér, 1966) .+ Farmers in prairie and semi-arid environ-
ments often use fallow rotations (dry farmlng) as a water
conservatlon practice because of this fact.

Having examined each of the separate components,
one flnds that there are both positive and neéatlve feed-
backs. from tach when a land usé change occurs. What is
the ‘net result of these feedbacks? Muller's (1966) study
of abandoned New York State farmland which has returned to
natural overgrown pasture, deciduous forest cover, or con-
iferous plantations, feveals a decrease in water yield.
Both in winter ang sSummer, radiative energy and moisture
ére more readily available for evapotranspiration in these
land uses. During winter, g;eater Snow evaporation occurs
in.snow»covered crowns of conifers, because of favourable
daytime radiation balance. 1In summer, deciduous and con-

iferous trees absorb more radiation than open and overgrown

o
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areas. Also, differential rates of evaporation and trans-
piration Jduring moisture deficits, and greater infiltration
rates, will increase evapotranspiration logs and decrease
water yield from the overgrown and forest covers. The
greatest ‘changes occurred when conifers were blanted,-as
water yields decreased’by up to 24.4 cm vyr"l. Muller
had to qualify his coﬁclusions,lﬁowever. since subsequent
water balance and multiple regression tests were signifi-
cantly affected by estimates of precipitation inéome and
water yield outgo wh;ch may have been ﬁnrepresehtative'of
watershed-wide condiﬁions. Mean mbnthly,temperatures from
an open Base station were used for evapotranspiration cal-
culations, and with reforestation, ;ain gauge expo;ure
changed. Therefore, it was admitted that land use change
may not Have been the exclusive factor.

:Taking these factors into account, this study will
)use mean weekly temperatures ffom all different cgver sites
when making evapotranspiration calcﬁlations. The open '
station data will be used for open areaegltes such as
fallow and shrub, whlle data are available for the individual
spruce and poplar plots. Only 1 raln gauge is used at the/
~ gite, but since the plots are all within 500 mefres of the
rain gaugé"significant’variation is nof expected. Also, -
as prev1ously mentioned, runoff and percolatlon can be neg- |

)

lected under the local condltlons studied.
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CHAPTER III

o

INSTRUMENTATION AND EXPZRIMENTAL PROCEDURE

3.1 Introduction

3

The following presents a description of the field
site and test plots to be examined during the course of
this study. A detailed account of the type of instru-

mentation used, and its deployment, is included. Cali-

() '

brations are listed in Appendix I. A detailed chronicle

of the biological cﬁaﬁges observed on each plot from

'April - October, 1976, is found in Chapter Iv.,

v & - >

3.2 + The Site
° ' |

3.2.1 General Characteristics

The site‘phéggh‘for the investigation is the
University of Aiber%é.farm ét Ellerslie, Alberta (lat._
53° 25" N, long. 113° 33' W), about 15 km south of:
Edmonton;s éity core (Fig. 3.1). rLbcated“in the trans-
ition zone betWeepgtheijreal and Prairie regioﬁs, the
Unatural vegetétibﬁ?here is mostly trembling aspen:(Popu-
lug tremuloides Michx.) and whife spruce (Picea glauca
Voss). Howevér; a largelpoffion of the area is under

\

pasture and mixed grain épltivation with ﬁarley being .

.the most popular grain crop. ) A

46



b7

FIG. 3.1: LOCATION OF STUDY AREA
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The area is underlain by shale, siltstone, and
sandstone deposits from the upper Cretaceous period.
Ground moraimes, creek ohannels. and prairie mounds are
evidence of previous glacial activity. Topography at
Ellerslie is fairlx level with slopes rarely exceeding'
2% (Fig. 3.2), except at river and creek chdnnels:‘ The
experimental plots are on a NNW facing slope of about 1%.

AA cool continental climate exists here (Dfc on
the Koppen system) with aﬂmean summer tenperature o7

13° C and mean summer pre01p1tatlon of 30 cm. The avelage

utg®0w1ng ‘season is 165 davs commenCLng April 2§-and ending

'October 6. However, only 90 days are frost- free. June

and Julyfare‘fne wettest months. but ralnfall is generally

ﬁlow in 1ntenSIty and well distributed throughout the -

grow1ng season There is a comparatlvely low varlablllty
in grow1ng season pre01p1tatlon here.l Average varlablllty
is 20 - 25} from the mean, whereas ersewhere in Alberta,
espe01ally in the northwest and south, this variation
exceeds 35% (Welr, 1971) There" are about llO‘- 120

days with precipitationfper year, mostly during summer.

- Mean annual soil moisture ¢ Tileit is lO cm and mean annual

potential evapotransplratlon is 51 cm, S cm greater than
mean annual pre01p;tatlon. Annual bright sunshine\honrs
slightlﬁ'exceed 2260. ‘

| The annual march of the components of the energy

balance for the contlnental mid- latltudes shows differences

S
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(
in time of maxﬁmum flux intensity. 'A.sample curve
(Barnaul, U.S.S.R.) shown in fig. 3.3a illustrates a
large time difference between LE and Rn maxima, which,
in this case, is close to 6 weeks. The maximum outgo
of heat for eyaporétion can be observed earlier or later
than the maximum in Rn, depending on the annual march of
precipimatiog and the associated change in soil moisture.
If the LE maximum precedes the Rn maximum, then the H
maximum is commonly observed after the Rn reak, and- vice
versa. For climates with wet summers, heavy cloudiness
' ). The LE
| g )

in summer reduces the Rn maximum (Fig. 3.3b
| C
L . . | .
max. occurs 1in August, while the winter perlod shows

a cugverimilar to Fig. 3.3a (Budyko, 1974). Although

this curve is more typicél Sf a mid-létitude summer mon-

soon climate, there are similarities in annual precipi- <€B'<
tation distribution and latitude between Grossevichi and
Ellerslie. - Ellerslie's annual curve for*any particular
yeér could be similar to either of the above two figures,
depending on summer precipitatign levelél S

S0il climate is moderatély cold cryoboreal. .Mggng

annual soil temperature is 2 - 8°C, 120 - 220 days are

above 5°C, there is}a short. thermal period of less than
60 days with temperatures above’l5°C,”anq there is a mild
summer. Soil moisture regime is subhumid; with a 5. - 10 cm

water deficit during the growing season (Fremlin, 1974).

ey



FIG. 3.3: ANNUAL MARCH OF HEAT BAGLANCE |
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Soil types in the small plot area are Malmo clay
loam and Ponoka loam. Malmo clay loam is developed from
lacustrine parent materigl. generally underlain by till
Af.depths varying from 51 - 102 cm below the surface.

' The upper horizons of the profile (Ap, Ah), éfe black
(lO‘YR. 2/1 - 3/1) with a clay loam texture and coarse
granular structure. Ponoka loam is coarser ip texture,
with a parent material of stratified silts and very fine
sand clay loam. Till generally.occurs at depths varying
from-38 - 102 cm below the surface. The Ap and Ah hori-

zons are of similar colour, but the texture is loam rather

than clay loam (Pawluk, 1964).

3

3.2.2 Ekperimental‘Plots

Six small plots and one forest site were employed
during the study (Fig. 3.2). A deciduous plot (PS),
330 m2 in area, consists of popiar trees appfoximately
6 metres high (Plate 3.la and 3. lb) Southiof it is a
coniferous plot (S) approximately the sameéﬁfea (Plate
3.2). White spruce is the tree spe01es occupylng 1t. Trees
are 4 - 6 m _high and form g very dense canopy. A shrub |
~plot (wg, 150 m2 cénsists of western snbwberrylless than 1 m
" high, tall grasses, and some weeds, including Hawk's beard
(genus Hieracium) aﬁd Canada thistle (Carduus arvensis) . -

(Plate 3.3). Barley (B) and fallow plots (F), 85 m?

each, are the only ones which suffer seasonal human'

52



Plate 3.la. Deciduous plot (PS). The screen is visible
on the left.

»‘1

S
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Plate 3.1b. 1Inside PS plot. PFrom left to right:

soil moisture access tube
tower.

Plate 3.2.

Coniferous plot (S).
at the center,

The tower is visible

-

sCcreen,

(at author's feet),

S
k,A/
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Plate 3.3. Shrub plot (W).

A0

-7V

o L !
Plate 3.4. Barley (B) and fallow (F) plots (May, 1976).
Barley stubble (background) was cut and the
plot was seeded one week after the photo was
taken. ' :




Plate 3.5,

G

i
H
L
e ’[ :

Grass plot (G). This is the meteorological
installation. :
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2

Poplar forest (P).

6.
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Plate 3.7. Eller‘ lie ‘smal_l plots (July, 1976). Fr’bm top
to bottom: PS, S, W, B (with radiation equip-
ment)| and F (wi'th.heavy weed cover).

/
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attention. Stubble from the previous barley crop was
removed in spring 1976 and the plot was re- seeded

creating a continuous cover slightly less than 1 m ‘high

~ by June. The,nelghbourlng plot (F) was kept fallow through-

out the experiment, although periodic weeding was necessary
since common weeds such as Ball Mustard (genus Brassica)
and Stinkweed (Datura stramonlum) invaded the plot (Plate
3.4) A short—grass cover (G6) was maintained as part of
a well-serviced ‘meteoralogical 1nstallatlon south of the
fallow plot (Plate 3.5) The actual measurement area was
approximately 25m from F plot. Distances between the S
other small plots ranged from 5 - 13 m,

In addltlon'to these sites, a nearby poplar forest

,s1te (P) was used on a limited: scale The site is located

an overview of}five of the small plots. (,f

approxlmately 300 m west of the small plots, and consistsg
of poplars 14 - 18 metres high (Plate 3. 6) This forest
area is much older and larger than. the small plots; and

has a denser cover than the small poplar site. Table 3.1 .

summarxzes ~the--above descrlptlons. and 1ncludes the plot

-_symbols to be used thrbughout the text. Plate 3.7 owWS

3.3 lnstrumentation'

: . N\
3.3.1 Radiation %

Global solar radiation was measured with an Eppley

-
N
.

:60»'.
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pyranometerh(Plate 3 8) ‘sensitive to shortwave\radiation

Zln the range 0.3 - 3. 5 " Dhe sensor is constructed with
o . circular multi- junction copper constantan thermoplle

' with*temperature compensation, housed in 2 optical glass

domesvgélt has an approx1mate sen51t1v1ty of 9 microvolts

LY

per Wm . Reflected solar radlatlon_(albedo) was measured

) TN
w1th a second Zppley pyranometer, held inverted approxi-

-mately 1 metre above the ground surface for G, B, F, and

W.plots, (Plate 3.9). For PS and S plots, the,pyranometer

‘ was‘attached to the top rung of—an instrument tower (Plates

3.10 - ll)" The resulting voltage reading was recorded in

w:an electrlcally powered Leeds and Northrup strip chart

recorder-(Plate 3. 12a)’ - Digital counters were used for.

hboth dally global and albedo measurements (Plate 3 12b).

'These provided daily voltage totals. The albedo recorder

was housed‘ln a whlte-shelter located next to the plotJi

-~ being measured whlle the global Honeywell recorde“

housed in the lab bulldlng ‘. ‘\o '. ' : , *{'_,
Net radlatlon in the range of 0. 3 2 60 0w ‘was

e, K

measured w1th tyo CSIRO net pyrradlometers. The seh51ng g
SFo e IR oo

element is 31mllar to that of the pyranometer,,but 51nce

Q
t is housed in plastlc hemlsphergc,domes, the longer waves

- '-;:_.:14

are permltted to strlke the sensor dxrectly The plastic

hemlspheres cover both 31?es of £he element (Plate 3. 9) B

%

80 that 1ncomrhg and outg01ng radlatlon are. measured sim-

ultaneously. The domes were kept inflated by an air pump
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Plate 3.9 .Albedo and net radiation megsurements.
N . =t ) . . : ) . ] . .
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Plate 3.10. Albedo measurement above deciduous piot. e ; ’ i
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that allowed a flow of dry air to‘be continuously main-
tained. - Silica gel was used as a drying agent (Plate
3.13). Pﬁe resulting net all-wave balance was recorded

on a Rustrak battery- operated strlp chart recorder (Plate -
3.14), housed in a white shelter 51m11ar to the afore-

-mentionedr“

3.3.2  Soil Heat Flux

& 4"‘,

‘So0il heat flux was measured with a 3011 heat flux
- disk, similar to the one used by Fuchs and Tanner (1968).
The disk is circular and quite small, and is'inserted ﬂéug
tween 1 and 3 cm below the soil surface (Plate 3 15)

The upper and lower surfaces of the dlsk attaln a temper-
ature dlfference\whlch §7 proportlonal to .the s01l heat
flux. ThlS temperature dlfference 1s sensed by a. thermo-‘

plle s1mllar to those used for radlatlon measurements

igame type of battery-

The output was recorded ‘on tm

powered recorder used for the net radlat%%@;amtput R

(Plate 3,14). o e | j

s .

N

3.3.3 So0il Moisture, Bulk'Densitx,'Qrganic Matter

£

. ‘ . , _ -
Surface s0il moisture was measured with'a Nuclé@g&l

Chlcago sug» ce moisture probe. The probe nas a Radium-

°

- Beryllium source which emits fast neutrons into a hemi-

spherical volume of s0il.” When the neutrons are

t

66
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Plate 3.13. Air pump with silica gel drying ‘agent (right).
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Plat%QBflu. Automatic recording-of'net radiation and ,
: soil heat flux. ’ :
v
N
[

. o i _ - BN
. . ; S ‘ \ ' ) CA
Plate 3.15. Soil heat flux disk (rotated). The coin is N
_ ~ a quarter. N
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. follows:

dry density. Subsequently, porosity was calculated as

| 69
/
sufficiently slowed by the hydrogen nuclei in soil
m01sture. the detectors will produce a pulse whlch is
counted by the scalar (Plate 3.16). The number .of counts
per uitit time (in this case, one mindte) was divided by
the standard count, which was accomplished using a granite
block and paraffin standard (Plate 3.17). These were taken
before and after each.set of reagings. The resulting ratios
were converted to percent volume of soil moisture by cali-
brating the probe against grav1metrlc me%gﬁrements taken
in Aprll Bulk density measurements of the soil allowed
percent volume to be conve;ted to cm water m—l soil, there-ﬁ ‘t};
by facilitating data use in\the water balance.equatioh.' )J g@y
8011 m01sture at 0.2, 0.5, 0.8 and 1.0 metres
was measured w1th a Nuclear Chlcago depth moisture probe

(Plate 3.18), It has a source s1m}lar to the surface probe.

Data were calculated by using ﬁhe'"ratio method" as above,

with Alberta Research Council calibration standards being

emilo}ed~rather thanbgravimetric samples. One acceéé

- tube for each small plot, and three for the forest plot

were 1nstalledvat.the end of Aprll, 1976. rMeasurements
oﬂqsurfaoe and depth moisture levels were made each week
from May 2 - October 7, 1976. |
Bulk density (Db) sampies‘were'collected'with a
=

Bull Core Sampler'in June. The oven dry weight of the

core samples was related Yo the core volumes to calculate.‘

e

: \ ..-
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Plate 3.16.

Vi

Plate 3.173.

i

Surface m01sture probe and scalar in use at
F plot. :

Standard -eeunt, apparatus for surface prqbe.
The probe is siﬁﬁlng in the paraffin whlch
~is placed on tHe granlte block.

. v
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with Negretti and Zambra or Casella thermohygrographs, lo—

e

72

Db

POR% =(l --5?33*5735) x 100 | (3.1)

\

The constant is the assumed particle density of

soil. For surface horizons. this was lowered to 2 55g/cc.
Results are listed in Table 3.2

Percent organic matter content was determined by

ignition at 450°Cr' Results are listed in Table 3.3,

3.3.4 - Temperature and Relative Humidity

A ]

Maximum and minimum temperatures were measured
with Taylor or Casella max-min. thermometers " These were

placed 'n Stevenson screens, which were 1nstalled approx1-

matelyt ﬁ&kmeters above the ground in PS, S, and. P plots

g v.‘ w-

in May; Data for the other sites were prov1ded by equip—,

ment in operation at the Department's meteorolo ical in~ Y

stallation whlch*doubléd as G site (Plate 3. l9) ‘w"f\.
Relative humidity at PS, S and P plots was meaered K

j;' “
™

cacved in the same screens as the thermometers. (Plate§ !}"

3.20, 3.lb).v Wet and dry bulb thermometers were USed '

‘for the open site measurements (Plate 3.19). o -

- A . . A -
H I

o , . - . .
N . . ¥

«3.3.5 Precipitation and Evaporation 1

LS . N - . \\\

[

PreCipitatlon was measured with a. standard rain

gauge located at the meteorological 1nstallation. Open

.

L
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\

Plz - 3.19. Maximum. and minimum temperature and relative

humidity measurements at G plot (thé meteoro-
logic¢al installation).



Plate 3.20.

~

Thermohygrograph and maximum-minimum thermom-
eter in screen at PS plot.
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AS

alr evaporation was measured using a Class A evaporation .

pan (Plate 3.21).

N

3.3.6  Deployment of Zquipment

One net pyrradiometer and one eoil heat flux disk
were installed at G plot on May 22, 1976. [lhese remained
’statidnary throughout the measurement period, and so be—'\
came -‘the bzase statien. The pyranometer (global) was also .
stationary. The other three radiation iﬁstruments were
rotated among PS, S,.W, B,‘and F plots. During the May -
July period, the net pyrradiometer and albedo instruments
were moved twice weekly as a precautlon against creating
too large a tlme gap between readings for any 1nd1v1dua£
‘plot. Durlng August, thls was changed to weekly. The
soil heat flux disk was rotated Weekly due to the sensi-
tivity.of the instrument. | |
‘\i.i Surface Soll mOLSture was measured within 24 hours
of previous pre01p1tatlon from May 22 - July 11, 1976.
- For the remainder of the program, surface reedings fol-
lowed the same schedule as the depth readings. |
| Relative humidity was measured at 0900 hrs. MST.
Spot measurements were effected at G plot. while points
were taken from.the thermohygrograph ch;rts. These
chart readings are probably not very accrate due to cali-

_bration difficulties. The data will be reviewed briefly

in Chapter IV.



Plate 3.21.

Evaporation pan (foreground) and rain gauge.

xd
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3.3.7 Supplementary Measurements

Additional data were obtained from a neighbouring
large barley field, September 5 - 10, 1976 (Plate 3.22).
The barley had reached maturity, and had very few weeds.
Net radiéﬁion, albedo, and soil heat flux were measured
continuoué\y (Plate 3.23). ‘SurfaceAsoil moisture was
measured September 5 and 10. Concurrent moisfure data
were cotained at B and G plots, and at a grass area mid-

way between B plot and tRe large barley field. ~ !



Plate 3.22.

Large barley field.

left. Instruments an
on the right.

P site is at the upper
d recorder shelters are

Plate 3.23.

Albedo and net radiation in
barley field. PS and S
The 1labd building is on

struments on large

Plots are on the right.
the left.
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CHAiTER Iv

‘GENERAL CLIMATE AND FIELD OBSERVATIONS

b, 1 Introduction

This chapter deals with general climate and fleld
condltlons obtalned before and durlng the field program.
Cllmate parameters to be dlscusseu are air -and soil
temperatures, pre01p1tatlon, evaporation, and sunshine
hours. . Current trends are compared wiéh previous data
collected over ‘the past 124years at Ellerslie. Change
5in SOll moisture and vegetatlon characterlstlcs during -
the growing season are described.

Soil temperature data comparlsoqs are for the four
year perlod 1970 - 1973 instead of the 12 year period.
This is due to the relatively incomplete stage of the
,tree plots',canopy deVelopment before 1970, and the lack
of data for 1974. ’

Relative humidity is briefly discussed in Section

L.2.6. Data comparisons are for the study period only.

L.2 Twelve‘Year Mean Climate Conditions

h,2.1 Air Temperature -

Mean annual air temperature for Ellerslie was
1.4°C. Monthly values ranged from -17.7°C in January to

16°C in July. Mean monthly values below 0°C have been

82
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3

recorded from November to March‘(Fig. L.1), and individual
negative monthly values have occurred twice during April.
Seasdnél change appeared to be fairly regular, although
deviations could be seen in March and September, both of
which appeared slightly cooler than might have been antici-
pated. ’

Winter monthly means weré highly variable. Décembef
had recorded values of 75;5°C and -21.3°C, while extremes
‘for‘March were 0.7°C and -11.5°C. During the sumﬁér months,
hqwever,_temperatures were more consistent. July, fof ex-
ample, had recorded extreme values of 14.0°C and 17.7°C.

Since the available data cover a short time period,
wintér meaﬁ monthly temperatures should only serve as rough
épproximations, rafher fhan useful mean values. Due to the.
wide range of individual values, a larger sémple size is,‘
required before means can béjcalbulated with éoﬁfidence.
Summer mean monthly temperatures are mo;e feliable, how-

o

ever, because their ranges of individual values are small.

L,2.2 Precipitation
Definite wet and dry seasons are evident in the

mean monthly precipitation curve (Fig. 4.1). Mean annual

precipitétion was 454.7 mm, but 53% occurred during the

"

June - August period, with an additional 16% recorded

during the “"shoulder" months of May and September. Monthly

,
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FIG. 4.1: MONTHLY TEMPERATURE AND
T(Co - PRECIPITATION
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'values varied considerably from year to yeﬂ%, eSpecialiy,
during summer. February, the driest month, averaged 16.4
mm, and recorded extreme values of 2.6 mm and 34.3 mm

Extreme values for ithe wettest month, June, were 23.5 mm
and 176.4 mm Longer records are therefore reqeired,be—'
fore true morithly means can be obtained, but the data are
sufficient to serve as rough approximations with which

data for 1976 may be compared.

h.2.3 Sunehine

Mean mohthly sunshine hours varied from 72.1 hours

in December to 310.7 hours in July. The most striking

\\\ﬁhléeature of the sunshine hours distribution curve (Fig. 4. 2)

was the comparatively low value for June. which, as the

. month of greatest daylength, fwould be expected to exceed

values for July, May and August. --The cause for this de-

cline becomes readily apparent upon examining the precipi-

tation distribution. High precipita%ion values . also appear'

to affect September's sunshine input, when compared to.
October'sy Oc ebeg's val. :s w.re higher 5 out of 12 years.
As with the aforementiened parameters, mean sun-
shine values varied coneiderablj\?rom year to year. Ex-
~treme values for December were 50.2 and 92.3 hours, while

for July, they were 247.1 and 348.7 hours. However, June's

position with respect to July was fairly consistent, since

’ 3
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it had the lower value 10, out of 12 years. For May and
August, there was more variabilit&.‘as June exceeded their
totals 5 and 4 times respectively. Although there is some
| variability in mean monthly sunshine hours, the rankings
;bf the months are more consistent (May and October are
;exceftions), and make a reasonably valid basis for com-

parison with, 1976 values.

N

L,2.4 Soll Temperatures

20 cm soil temperatures at G plof'were warmesf«
overall, especially during summer'(Fig. 4.3), with an
annual mean of 6.2°C (Table 4.1). S is coldest at 5.1°C,
dué‘to coéler conditioné in spring and fail. B and F
were much colder than the other”plots duriﬁg winter, with
”Bvrpcording a temperature of -5.9°C in January. It is
inferesting to notice one common feature for the plots,
namely that'during,the‘transition-périods befWeen hot
and cold seasons (sprihé and fa;l); the piots reacted
almost homogeneously, while during periods of consistent
heating and cooling (summer\gndbwinter). their monthly’
mean temperat&res diverged. For example, mean mqntﬁ;y/ﬂ
temperature differences of 5.4°C and 3.0°C occurred\in
January and July respectively, but during May and October,
the ranges of values between the plots were only 1.5°C

and 1.2°C respectively. This indicates both the influence

u
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of changing generai weather conditions on the micro-climate
of each plo% and the ability of each surface cover to
modlfy its own micro-climate durlng periods of more stable‘
weather. In other words, these covers can exert some in-
fluence on their 20_ch soil temperatures‘if general
weather conditions remain relatively sfable for a pro-
longed time period, such as 2 - 3 months, \\\‘ r
These mean values, hoWever. were calculated from
only 3 1/2 years of records, and cannot be considefed long
term means. It is more difficult to\examine soil tempera-
tures than ah; temperatures over a short periodmbecause
of the influence of general weather conditiens, overlying
cover, and the soil itself, especially its moisture level,
which may hot be the same from one year to the next. 'Howf
ever.:ae with other parameters, the months maintained
similar ranks during the entire period, The exceptions

»afe July vs. August and December vs. Januafy. These are

respectively the periods of maximum and minimum temperatures.

This is an indication that the time of occurrence of annual
extreme values is not_ consistent.

At 100 cm, the influence of general weather and
surface condltﬁons on soll temperatures is somewhat re-
duced and the seasonal changes are less pronounced than
at the shallower d\epths.hL Mean values below freezing oc-
curred ‘only on F,véfﬁané PS plots (Fig. 4.4), while G and

S ﬁlots_recorde brief periods of below 0°C femperatures.

-
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FIG.4.4: MEAN 100 cm SOIL TEMPERATURES
JAN.1970-JUNE 1973
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W has yet to reCord:freezing temperatures at this depth:
As with the 20 ecm curve, the 100 cm curve showed some
divergence of values during winter and shmmer. However,
major variations could also be seen in May, while April
appeared to show a reduction in temperature range. Annual
means varied from 5.2°C for PS to 6.0°C for G (Table 4 1),
resulting from»much warmer monthly values for G during
late summer and much of autumn.

The time of occurrence of annual maxima and minima
at the, 100 cm depth was more consistent than at shallower
depths. At Ellerslie. the months were August and February,‘
respectlvely. with the exception of W and G plots, where
the minimum occurred in March. In fact monthly ranks
were more conslstent here than at 20 cm for all 6 plots.
ThlS curve also reflects the tlme lag that commonly ex15tc
between surface weather events and their resulting effects
at depth. '

One may note that mean annual soii temperatures-
exceeded mean annual air temperatures by more than 4°C.

It is apparent that the cause of this’ dlvergence was the
winter situation, and the 1nsulat1ng qualities of the
‘overlylng snow and ve%etatlon coyer on the soil. " Means
calculated for G (used since air temperat;res were re-
corded over G) ‘during the November - March and May -
September periods are shown.in Table 4.2, along with

" mean air temperatures for these periods. The difference

. N
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in winter teméeratures’was greater'tﬁan 10°C at these
depths, and it is anticipated that similar conditions
exist within the tree plots as wellj\ . |

- Although it will be difficul%bto make valid com-
parisons between the above means and i975 ~ 1970 values,

. the monthly rankings and time of mlnlmum and maximum

, temperatures can be)used as guides for later_commentary.

L.2.5 Pan Evaporation

°

A 6 year mean was calculated from data for 1969, .
1971 - 73, “and 1975 - 76 data There are dafe missing
for Maw 1972 and 1975, June 1975, and September, 1971
and 1972, and no readings were ever taken during April
or October. At best, these data provide a very rough
first approximation, rather than a usable mean, so only
a cursory examination will be gi&en.

May recorded the highest monthly mean value,

6.39 mm/day (Fig 5.5). Steadily declining values

occurred durirg the remainder ef the summer. Thie could

be indicativ~ 01 more humid conditions during summer, while
September would show *~e- values because of lts cooler

temperatures.

94
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FIG.4.5: EVAPORATION
~ CLASS ‘A’ PAN

6 YEAR MEAN — — —
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b.,)2.6 Relative Humidity

Wéekly mean values for relative humidity are listed
in Table 4.3a. Regression values (Table 4.3b) for témperaturé
. are listed for comparative purposes and will be discuséed
later. Relative humidity values for PS, S, and P are
probably ﬁot very accurate, but they can be compared to
one another on the basis of thermohygrograéh calibratiéns
(Appendix 1) effected after termination of the field pro-
gram. Since correlations and standard errors are similar,
it can be assumed that the caiibratiohs reflect the instru-
mént‘error wifh reasonable accuracy. Although the magnié
tude of the error is uncertain, the direction (positive
or negative) is consistent.

The slopes and.inte;cepts indicate that PS is the
most humid, and P, the least humid plot. There‘is a large
spread in slope values, indicating that relative humidity
differences between the tﬁree can be substantial. Since
the temperature slopes do not vary in the same manner,
temperature alone cannot accoiunt for these differences.
Thérefdre, stand structure and density, and their effeéts

on evapotranspiration, should be considered as important

factors.

L, 2.7 Overall Assessment

The 12 year Zllerslie récords indicate a climate
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of cold dry winters and mild moist summers, with rapid
transitﬁon periods.h High summer precipitation is further
refiected in the low ;alues for sunshine hours in June,
and for pan evaporation in middle and late summer.

Soil temperature records indicate that consistent
differences between the plots have already developed, with
values diverging in winter and su. er, while surface covers
appear to have little effect during the transifion months .

of sprfng and fall. - \

- |
. .

4.3  June, 1975 - April, 1976

The 11 month period preceding the start of the field
program was warmer and drier than the mean conditions
described above. Ten months had below mean precipitation,

egpecially the September - November period and the months

~of January-and3Maréh, ali of which recorded values rarely

‘exceeding\65% of the 12 year mean\\ It was ihe second

A

driest Septembér on record (4.4 mm) at the s.ation, and
the winter precipitation as a whole (November - March)
was 20% below normal. ¥
_ Temperatures were close to normal d&ring the summer,
but were cénsistently above‘thebmean froﬁ November ~ April.
January ana‘April both feconded new monthly absolute maxi-

mum values. . Sunshine hours were close to normal, except

for November, which exceeded mean valués by 50%. Evaporafion
! :

!



data were incomplete, but showed mean conditions forrJuly,'
and below mean for August and September. Soil temperature
"extremes were recorded in July for all 6 plots at 20 cm
depth (Fig. 4.6). However, as a result of the éild winter,
minimum values were reached in Decembe;, except on the S
plot which recorded its lowest monthly temperature in
January. S plot was by far the coldest, and was the last.
one to thaw durigg spring. This was also true at 100 cm
' (Fig. 4.7). The difference between S and the warmest
summer plots, G and F, exceeded 5°C at times, while during
winter, S was more than 2°C colder than W at 100 cm, and
5°C colder at 20 cm.
| J cm depth temperature extremes were reached
during August‘and:March for most plots. AlthOugh W and
B had their maxima in July, the time'diffeggnce is not
considered significant, since their values were only mar-
ginally aéove August'f?lues. The colder conditions for
March as'opposed %o February, were probably a consequence
of the drvainter, which reduced the snow épver, and so
allowed‘the winter cold to penetrate to greater depths.
Mean values fdf the period reveal that G and S plots
were warmest and coldest respectively (Table 4.4). This
is quite similar to mean conditions. ‘Although PS remained
much colder than the open plots, PS plot's 100 cma,mean‘
temperatures were ;omewhat higher than S because of milder

winter temperatures. Snow cover was probably a Tactor,

101
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FIG. 4.6: 20 cm SOIL TEMPERATURES
JUNE 1975.SEPT. 1976
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FIG. 4.7: 100 cm SOIL TEMPERATURES
T(CO)‘ JUNE 1975-SEPT. 1976

18.0}

4.0}

10.0}

6.0¥

2.0

-2.0¢

-6.0}

A

;43 A S O N D J F M A M -1

SOURCE:’ SOIL SCIENCE DEPT., U. OF ALBERTA

103



104

" 0
060~
00°0

050

L9°T
2l H
198
4601
2T
6" TT
200

82°0-
H6°0-
wm.oy

mN.ol,

90°T

gLk
g
68 0T
05°2T
L1°2T
L9°L

68°0
om,o-
00°0-
6€°0

05°T
22y
L9° 4
196
€€ o1
6€ 0T
19

wo

L9°T
110
050
840

6€° 1
T4
L9°L
8L 6
HH.HH
¢ 1T

go'g

M

00T

T9°0- 4T1°0
24T~ TTUT-
i

CCT- 6870~

L9 T~ 05°'0-
IT°0- 95°0
gL € 2L €
659 T4
GG L 2.8
8Ll T9'6
669 2276
26T 19°'G
S sd

i€
1T°2-
f° 2=
€ z-

19°2-
60

49

24°1T
GG 4T
68" LT
L9° 2T

D

682
@M.Nl

3
LT C-

6€ €~

19°€-
000
956
TT°TT

Hm.ia.

8L LT
GO'ET

-~

_.vOAQmQ

€e-¢

hhe-
68°2-
95 €~

ccoc-
2L 0"
8l H
22" 0T
0$°21
00°9T
00" €T

Ao

wd

(0, ) STUNIVYIIWIL TIOS 9L6T = GL6T

h'h TI9VL

82 €

£€1-

QN.HI
2L T~

th 2=
820"
82°

£8°6

6€ 2T
2l ST
it 2T

0¢

ypuow T JO pue

951
mm-il

76 4.

05 ' 4~

9~
11" 0-
90°§
63°8
22° 0T
€g-a1
664

£€8°1

6€ 2~
n62-
£g e~

IT1°€-
050
£8°6
26
€E 1T
TT 41
556

sd

‘Va

GLET



105

40°0T

2€°§

00'2T
82 €T
L9 TT
cc'g
90°¢

T

65°0T

T0'G.

00°2T
05 '€T
£€°21
' 6
49°§

4 £
Hh' 6 €L°6
H ¢ -
09'4 €71°'¢
6£°0T 22°1T
GG "TIT 22°'2T
€€°0T €g°0T
£8'g  6€°g
©6°6 00°9
q M
"ud Q0T

80°9

852

2L°g
506
169
82" 4

66T

€8

78 €

50°0T
00°'TT
226
84°9
0S *4

Sd

BII23QTY JO .D_.ansphammo 90U3TOg TT0§ 190aN0g

T

26'€CT

H2°¢

£8°21
9T 4T
76 9T
L9'eT

00°'0T

4

T8°€T

iy

T2t

6€ 9T
1991
S0°€T
68°'0T

('3.,U00) %4 F1gvy

‘

€
92'€T

+~

9¢ 4

GO'TT
L9°GT
2261
TT'€T
22 1T

wo

+~

TS 2T

2l

05 1T

22°'ST
2L 4T
1t 1T
49°6

0¢

48°6

202

4T°0T
46°21
84°TT
So'g
6€°9

¢

S juex
T Jeuumns
. aul
00 Hﬁummssm
¢  Juea
yjuou
1T
84°€ uesu
yjuou
: TT
49°0T 'S
68'€T vy
GO'€T ‘p
056 ‘p
68°4 "I
9461
Sd



106

since the open hardwood canopy would allow more sﬁow to NS
reach the surface than the dense closed canopy of spruce,
especiailyvduriﬁé a dry'winter. F and G recorded highest
summer tempefé&ures at both depths,»whiie W was the warmest
winter plot. This is similar to previous years. |

As the 1976 growing season approached, conditions - S
were ripe for early planting. Soils were dry at the sur-

face, snow cover had disappeared early, and buds had al-

ready formed on the poplars by April.

4.4 Climate .and Field ©dnditions: April - October, 1976l

|

b4, 1 April - May

April recorded‘above meén'monthly,temperafures and
sunshine Hours,-and normal precipitation values (Figs. 4.1
and. 4.2). B plot wés covered with last &ear's stubble. F
plot was invaded by sti weed (Datﬁré stramonium), and. .
there were weeds on W as well. LeavesAbegan to appear
on PS, P, and W, while G was still a yellow colour. Soil
samples collected April 28 —.29(&@@ examinéd gravimetri-

<‘caily for soils moisture, reVeaiggﬁgxtremely dry ‘suriface
conditions under PS, S, and F plots, while P and W were
quite moist at this level (Table 4.5). At depth, F had
higher moisture contents than allthe other plots, thereby

lAll mean values discussed herein refer to those de-
scribed in Section 4.2. ‘
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providing an illustratid; of the usefullness of a fallow
rdtation for conserving soil water. PS had the lowest
recorded values, but if data for 3 plot had been avail-
able below 0.5 m, it would probably have shown similar
conditions, since this was the case at shallower depths.

The field program started in May, soydata were

'S

avallable on air temperatures and soil moisture content

3
1

for each plot. Tempewmatures recorded over G .plot were
used for the Sther open plofs (W, B, and F), while the
fdrested plots had their own screens. Oﬁen air tempera-
tures were slightly above normal while sunshine hours
were below rgrmal. Weekly mean témperatures were cél-
_ culated for P, PS, S, and .G plots commencing oﬁ‘the 13th
(Fig. 4.8, Table 4.3a), and they reveal a wide variation.
PS was 2°C colder than G on the lBth, and the other plots
were cooler by at least O.5°C.‘ Leaf cover onﬂP‘and Ps
plots was complete~by the third week. B plot . was
cultivated during the second week, and was then éeéded.
By May 27, sprouts as high as ‘8 cm had appeafed. F plot
was tilled and Qeeded while G was still somewhat yéllow,
with some dandelions (Taraxocum Dens-leonis) present. ‘
Soil temperétures were below 0°C for S and F at
100 em in April (Fig(lb.?). By May, all soils were thawed,
but S was stil% registering a chilly 1.4°C at 100 cm, and

6.4°C at 20-cm. W and B were warmest at 100 cm, while B =/

and F had high temperatures at the shallower depth. The
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only unusual aspect about this‘period is B's 100 cm
temperature being higher than that for C, especially
since their winter temperatures were similar.

"So0il moisture levels for 0.1 m (Fig. 4.9) flué—
tuated drastically in response to rainfall and time of
moisfure measurement, but showed a general decrease during
the first 3 weeks of May. This trend was reversed towards
the end of the month due to increased rainfail. A general
downward trend was apparent for all plots ht’OTZ‘mTV which
is probably the best depth at which to ‘examine week to
week changes in moisture content (Fig. 4.10). Data for
0.5 m - (Fig. 4.11) seem to indicate a lag time that is
somewhat [longer than at 0.2 m, but well within the time
frame that this study-covered. May values at this level
showed a downward trend for P2, P3, W, and PS, while the
other plots remained relatively stationary. Dheée results
are probably a consequénce of the.dry weather which occurred
}in April and early May. 0.8 m and 1.0 m (Figs. 4.12 and
’4'13 respectively) generally showed little fluctuation,
and were obviously hot altered by short-term weather events.

"There was little change in the plots' ranks during
the period. The 3 P plots and W showed Righest moisture
contents at 0.1 m, with values ranging from 35 - 45 cm
water ﬁ—l soil (cm m_l). S was definitely the driest af
23 cm m_l._ The order was similar at 0.2 m, Ibut G was

wetter than PS, B, and F, and almost as wet as W. Moisture
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contentsvwere higher for most plots at this depth, S and
F being the exceptions. At 0.5m, PS was now one of the
driest, though not as dry as S,‘while G and W were nearly
equal. S, B, and P3 were wetteriat this lével than at
shallower depths, while all others were drier. PS and
F were the only plots wetter at 0.8 m than at 0.5 m,
while all plots w?th data.available at 1.0 m. showed
higher moisture contents. B was the driest plot at 0.8 m,
and 1.0 m with values of 28 cm. m;l and 30 cm n ! re-
 spectively, while P3 and W were fairly dry at 0.8 m, but

were as wet as the other plots at 1.0 m.

by, 2 June

Above'meaﬁ precipitation and below meaﬁ temperatures,
evaporation, and sunshine hours were recorded for this month.
The first fwo weeks were fairly df&, with most of the "pre-
cipitation falling in convectivecﬁhowef§. -The last two.
weeks were wet and cold, with daily precipitati&n exceéding
15 mm o% three occésions. F.saw a return of the.stink@eed,
as well aé.Canada thistle (Carduus arvensis) and other
‘plant species., .This”condition persisted until fhe piot
was weeded and tilled on the 15th. BJand W also suffered
weed invasions;'B receiving small numbers of ball mustard
plants (genus Brassica), and W getting hawk's beard (genus
Hieracium). Moist'co%ditions in P léd to increased herba-’
ceous cover, and pop}ar fluff was filling the air as thea

N

t
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trees released their seeds. ‘By the end of the month, B
sprouts had reached heighfs of up to 0.4 m.

.Air temperatures for S plot became warmer than
the‘othep plots and maintained an advantage of slightly
less than 1°C over PS, the coolest plot. G and P wefe
f%irly equél during the period. and maintained positions
between'S and PS. qpile S had warmer air, however, its
soil temperatures were nearly 5°C colder than B, F; and
Whpiots at both depths. PS wag rélatively cold as well,
more than 1°C colder than the open plots. ‘ |

Surface soil moisture showed éenéral increases és
a result of the late June rains. The P plots remained the
wetéesf; thie'w Qés the wettest of the small plots, and

S the driest. At 0.2 m dépth, S Qgcame more than 10 cm
n 1 drier than P, G, F, and W by ther end of the month.
Before the‘rains, PS had dropped to within 5 cm. m—l of )
S, bu%"greater throughfall here allowed PS5 to gain 5 cm
m-l, while S was barely affected. A£ 0.5 m,’ G values
showéd'e sharp increase 6n July 1, thch ﬁay indicate that
this was the only plot where infiltration dethe previous
week's rains could reach this depth. Slighf increaées one
week laterféén also be éeen at P2, F, W, and S and these
may indicate a slower and substantially lower infiltration
rate, Considering the very;émall change in its 0.2 m

values, the increase at S is somewhat puzzling, but since
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the increment was only 0.05 cm m—l for all &4 plots,
this little bump in,the curve should not be considered

significant. At greater depths, a slight downward trend

Yy

a3t

was ‘apPlrent at B and W'fowards the end of the month.

4.4, .3 July

Mean temperatures and sunshine hours, nea;%hear
evaporation, and slightly below mean precipitation occurred
during July. Between the 2nd and the 28th, no days had
rainfall greater than 5 mm, and much of the preoipitition
fell during local convective storms. Heavier thunderstorms
during the last week brought an additional 20 mm of rain
to the area. Weeds gradually returned to F, and by the
15th, the plot was heavily covered with vigorous plant
growth. Its.surface was dry and crusty, with cracks evi-
dent throughout. The plot was t;iled and weeded during
the third wigk, but the deaa plant material was left on
the plot.§ W;éas had also returned to B, but were-not as
serious. ‘The sprouts were still doing well, and by the

end of the month had attained a maximum height of 0.9 m.

{
)

Heads had formed by the 15th and‘thesewwere large, promising a
gqod yield. G and W also showed healthy growth and only a
slight we- ' infestation. |

-4 4.1 “e—peratures for S were sti%l the highest,_

exceed. ng L P vy 5°C and PS by more than 1°C during?
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the last 3 weeks. S however.-contiqued to register the
coldest soil temperatures at both depths. F and W were
now about 2°C warmer fhan B, and G at 100 ecm had also
exceeded B's temperatures. PS was still cooler than the
open plots, but maintained a 2°C advantage over S at

100 cm and a 1°C at 20 ém.

The dry weather produced a downwar@ trend for
surface soil moisture on all plots, ﬁut there Qere some
changes in-rank. B was now as moist as some of the
? sites while PS declined rapidly. Toward the end of the
mohth, W, F, and G were almost as dry as PS, while S was
by far the driest atv25 cm m-l; 3 - 5 cm m"1 lower than
thé open sites. The rains during the final week brought
sharp increases to all the plots except P, B, and S.

These did not react until greater precipitafion fell
during the first week of August.

At 0.2 m, a steady downward trend was evident
for all sites' except S, which Was already too dry to lose
much more water under these temperature conditions. By
the 28th, B was nearly as ary as 3, reéording a value 6f .
20 cm m;l. PS and P3 were 6 cm m-l"wetter, while the
other plots were clustered around the 29 - 31 cm mrl range.
At 0.5 m, .S remained steady while B dropped far below -
25 cm m"l, and so became the driest at this depth. The
growing bariey was apparently beginning to tap the

moisture reserves at lower levels by capillarp action
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extension of an active root system. This trend was
detectable in small magnitudes at the 100 cm depth as

well.

b4, 4 August ’
Above mean temperature and precipitation, near

mean sunshine duration, and below mean evaporation, were

* the major features of August's weather. Heavy réins oc-

curred during the first week, with 26.5 mm falliné on the
1st. iThe othep days recorded precipitation higher than
10 mm, but it was that first.storm which seemed to have
the greatest significénbe on soil m&isture lévels. Barley
on B had started to turn colour duffﬁg the last week of |

ly, and was now ripening. However, by the third week,
. :s condition had deteriorafed.j Weeds (mainly thistle)
started to dominate, and theé barley stand was suffering
from the competition. Weeds had returned to F and W as
well. | |

The gérly rains were accompanied by high tempera-

tures, and the weekly temperature curve shows an i . -sge
over the end of July. G and S were now about eg-al, while
PS started the month 1°C cooler. The range decreas
during sthe middle of the month, but by the end, their
vaiues had diverged again. G was warmest at this point,

while PS was more than 1° C cooler, having recorded a mean
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temperature of 14.1°C. .Soil temperatures showed increases

for all plots at both depths, with the exception of F at

20 cm, which had a slight decline. Its status as the ;,_~
second warmesf plot behind G remained unchgnged, as did //‘

the ranks of the other plots. S was still 2°C colder |

than PS and 4°C colder than G and F at the 100 cm. level.

A§ 20 CT. S and PS were only 1°C apart,ibut G and F were

still much warmer than both tree sites.

Surface moisture levels increased sharply during
the first week because of the heavy rain. S now recorded
values higher than F and W, and had the gréatest weekly
increase, which may be due to a lower surface evaporation
rate than at the open sites. Values sfartedvfo decline
again, until the third and fonrtﬁ'wegks, when additional
rain brouszht increases to P, F, PS, and B. Towards the
end of thé month, however, only the P plots reacted to _
th%ﬂrain of the 26th. The smaller plots were declin§ng
and‘fo; S and G, the decline had beenlcontinuous sinéé
the first week. The O.Z.ﬁ level showed a similar trend,
though S remained'mofe than 5 - 20 cm m * drier than the
other plots. ' B showed nobdecline after the initial week's

rains, which may indicate the lack of water use by the noﬁ\

ripening crop. P maintained moister conditions, but G, F,
and W were now as wet as P2, and wetter than all the ather
sites. B continied to be the driest at 0.5 m, while. the

3 P plots held slight advantages over G and F. The wetter
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plots showed a general downward trend while the dry plots

remained steady, as did all the plots at lower depths.

L, 4,5 September - October

The final five weeks of the observational program
were warmer, sunnier, and wetter than mean conditions.
Evaporation was slightly below the mean. The precipi-
tation figures are somewhat misleading, because of the
uneven distribution of rainfall during this period; Only.

5% of the 44 mm recorded during September fell after the
13th, and rainfall during the first week of October was
confined to the 3rd and 4th. Two days registered precipi-
tation above 10 mm, and only 11 days out o} 38 had measﬁr;
able rainfall. However, another source of mojisture entered
the pichre at this time--dew, which was obsefved 13 mornings
during September (Table 4.6);‘and p%obably had some effgct

on surface moisture readings at thé‘open plots. Dew does

not regularly form in densely foresteq areas (Geiger, 1965);‘
and indeed, that rule held true for Ellerslie. - The sharp
décline in temperatures, which is an important feature of
September weather, led to higher values for relative humid-
ity,.as well as the frequent formation of dew, especially
over long grass. Fungal growth>increased as a result of

tpe wet August weather, with moss growing in PS, and toad- -

stools in S.  F was once more infested with weeds after it
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TABLE 4.6
DEW FORMATION IN SEPTEMBER ’ o

24 hr, period
‘ending 0900

hrs. MST | Min.(°C) Dew Pt. (°C) Dew (x)
1 | 10 - 10 -
2 10 9 R
3 3 5 -
L 7 9 x
5 9 10 x
6 7 6 -
7 5 3 -
8 2 4 -
9 5 7 -

10 6 7 -
11 8 6 _
12 6 . 5 -
13 L 8 x
14 5 7 x
15 5 9 x
16 5 8 -
17 5 9 -
18 3 9 x
19 8 o ;
20 3 7
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TABIE 4.6 (con't.)

24 hr. period
ending 0900

hrs. MST Min (°C) Dew Pt. (°C) bew (x)
21 5 9 X
22 6 8 : X
23 6 8 X
2k 8 11 | -
25 8 9 -
26 4 9 X
27 S5 5 -
28 2 8 X
29 6 8 -
30 L 1 -
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had been tilled in.August. and dew may have formed on the
plant cover, which could have facilitated a rise in sur-
face soil moisture late in the month, when thg plant
cover would be more extensive. This will be discussed
later.

Leaves at W, PS, and P plots were turning colour,
especially during the laét two weeks, but leaf fall had
nbt been completed before the fiéld program was terminated
onIOCtober 8. By this time, however, those leaves still
on the bfanches were yellow, or‘brown. The thistles on
B plot were also turning brown as a result of some cold
night cénditions, when the temperature approached OfC.

G remained green, as did the weed cover on F.

PS was still the coolest plot, while the other
sites had fairly similar air temperatures until theviSth
when S cooied to the same‘level as PS, 11.0°C. G was now
the warmest, buf by the end of the program, all four plots
had air temperatures within 0.5°C of each other. : § had |
théucoidest soil temperatures ag both depths, 3°C below
G and F. Rankings remained the same for this period as
for August. j ,

Surface moisture.was affected by the first week's
rains, as indicated by the increased levels during the ‘
first two weeks. An exception was F, which showed a ~ N
.continuous decrease ﬁntil the third week, when the trend

was reversed. G and P fluctuated quite strongly during
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the month, while W and B were more stable,.averaging‘
3?lcm m and 40 cm m~ 1 respectively. S, PS, and F

were the driést while P, W, and B maintained levels up

to 13 cm m"1 higher. It is difgicult to quantitatively
determine the effects of dew on these data, but it is
possible that the increase registered during the third
week at F, could have resulted from frequent dew formation
oﬁ the weed; during this week. Another plot which might
“have been affected by dew was G plot, which suffered.a
moisture decrease that was less than anticipated, con-

- sidering the week's light precipitation. Dew wa;‘observed
af B as well, but the denser stubble cover could have pre-
vented much of the dew from infiltrating into the soil

™~
before it could evaporate.

~

-~

Although there may have been some surface effects,
the 0.2 m level showed a downward trend after the first
week's rains. B reacted very strongly to fhe rain, in- -
dicatiﬁg the reduction in water use by the dying plant
cover. B was\ngy the fourth wettest behind W, G, and F,
whereas 6 weeks earlier, only S was drier. S and PS con;
tinued to record, the lowest moisture levels. At 0.5 m
depth, B again showed a strong upward trend as a result
of the late August and early September rains. By the-
second week, its moisture level ﬁad climbed from 22 cm m~
,“to nearly 30 cm m‘l. surpassing both S and PS. The othér

plots maintained stable levels about 3 - 5cm m"l higher,
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W had been somewhat drier during August, but showed an
increase similar to B's, and was now at the same level
as G, F, and P. At 0.8 m and 1.0 m depths, there was
little change during the period, although B showed a
slight decrease at 1.0 m. 'This may be a cbnseqdence of
earlier water use by the previously healthy crop during

7
K

early and middle’§gﬁme

ot

A ST
LT e R
General weather comditions for Ellerslie in 1976

(May - October) were slightly sunnier, warmer and wetter
than mean conditions. Evapo?htion was sl ~htly lower.
Seasonal change in vegetation characteristics was af-
fected by a dry spring, which prbduced an early canopy
at PS and P; and by a warm‘wet August, which may have in-
fluenced the demise of B before harvest time .t The warm
dry condifions during September allowed PS to maintain
its canopy until well after observations ceased.
Significant differences in air and soil %empera-

, , u
tures were readily apparent throughout the growing season.

lLow soil moisture combined with high air temperature
may be another factor. As the soil dries, the actual
transpiration rate of the plant should fall below the
potential rate. Since the potential rate is dependent
on_temperature, the plants' wilting point must also be
related to temperature (Denmead and Shaw, 1962). There-
fore, it is possible that the barley ceased to function
before the August rains could influence plant growth.
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Regression analysis (Table 4.3b) reveals that S plot's
air temperatures were warmest during middle summer (when
G plot registered a temperature of at least 15°C). PS

and P were consistently|cooler during this period. At

lower temperagures, the°température difference between
the plots declined. S ¢ontinued to havehcoolest soil
temperatures, while other plots maintaian their ranks
(with‘somé“variations)‘during most of the summer. Soil
moisture ranks were.fairly>00nsistent as well, except
for B, whiéh fluctuated accdrding to its state of health..-
There were variations in responsé to rainfall, and this -
was dﬁe in large part to throughfall (e.g. S) ?nd plant
water use (e.g. B). Short term weather and plant growtih
effgcts did not inflpence the 0.8 mw‘and 1.0 m levels,
except during B's healthy growth period, which lasted
until the second week of August. Frequent dew formation
may have affected surface moisture levels at F and G,
but it is difficult to determine ité significance. )
It is readily apparent that long term conditions
greatly‘influenced{soil temperature and soil moisture
- values, and the ranking‘df each plot in these two cate-
géries. Air temperature w&s more dependent on short

term weather.



CHAPTER V C

EXPERIMENTAL RESULTS AND ANALYSIS

.1 Introduction

General climate and .field conditions were examined
in the previous chépter. Here, it is appropriate to con-
sider the results of the radiation and energy balance
measurements and derlvatlons for the various plots. Al-
bedo, global solar‘radlatlon. and net radiation are ;x-
amlned first, with special attention belng glven the
'predlctlon of Rn from (Q+q) us1ng eq. (2 6). Having estab~
lished the quantity of Rn available for the sensible,
latent, and soil heat fluxes, one may now discuss the
variations of these fluxes. This is followed by an
analysis of the Bowen Ratios. dnergy balances are 'cal-
culated based on weekly values derive% from regression
equations of Rn and Gs, and on calculations of 1E.
Measurement aﬁd-statistical errors are then accounted for
in an effort to determine the reliability of the energy
balaﬁce caldulations. andAconseqﬁently, fhe validity of
the possible micro- and macro-scale cliaate effects
caused by future iand use chahges iﬁ Central Alberta.

I

|

|

5.2 Radlatlon Balancel

5.2.1 Albedo and Global Solar Radiation

4

Daily mean values for albedo and (Q+q) are listed

142
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"in Table 5.1. Vaiues for June.(Q+q> were slighfl& lower
than for July despite a greater daylength. This is to be
expected, since July had more hours of brlght sunshine
and lower rainfall. There was a sharp decllne from July
to August due to a decrease ln bright sunshlne hours,

N

| while September s values benefitted from a dry 3 week

0
Coy

‘ perdod with an abundance . of clear days.

P | Mean albedo values ranged from 0,065 for F plot
in June, to 0.250 for G plot in September. S plot was
themmost"consistent, while W varied from 0.196 in July

to 0.104 in Sepfember. Since there was little change
in S olot’s canopy structure during the summer season,
lack of albedo varlatlon is no surprlse Admlttedly,

the June data for W plot are based on Just one 24-hour
perlod, but July s values are only 1% higher than June's;
and more than 9% above September's. The low September |
values for W and PS the other deciduous cover, were
probably a consequence of leaf loss
¢ B plot s values seemed to fluctuate w1th the state

of the crop S growth In June  and July, the plants were
young, and green in colour, so,albedo values were high
Towards the end of summer, however, the crop deterior-
ated 1ts colour changlng to a dull brown and dark green
weeds had infested the’ plot. Meanwhile, the healthy-large
barley field had reached maturity, and jss colour was

golden brown. There were. few weeds, and m01st bare SOll

o
a

N F
N
R

1, ‘l
> . . e
oy
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was visible between the sfalks. thereby'reducing refiec—
tivity to a“value 2.5% below B plot in summer.

F plot was affected by human activity. Higher |
albedo values at F indicated periods with substantial
weed cover, and a dry crusty surface, while tillare and
‘weeding resul ted in albedo reduction. June albedn %cr
~dfplot was affected"by weﬁ weather, which produced a low
value of 0.14 on the 27th. o : ,23 |

Ovorall g plot and the young barley crop had- the
hlghest reflectlvity, 3 - 5% greater than W with leaves,
and 8.- 10% above 'S, 1eafy PS, and dry weed 1nfested F.
They were 10.— 15% above leafless PS and W, and m01st
weed free Fu Con31der1ng the magnltude of daily global
solar radlatlon, this variation in reflectivity cou;d
amcugi to a difference of up to 40,000 Wrn-zday-l of Rn

L

avallable for use by the various piots;

Q

5.2.2 Ket Radiation--Diurnal Variations

Diurnal varlatlons of Rn for selected clear 24

hour perlods are 1llustrated in thls sectlon These

" periods were chosen to maxlmlze the. effect of the 1nd1-

v1dual plots albedos on their respective radiation bal-

ances, and to facilitate the detection of any measurement

. L - % e
errors that may have occurred during the field study. Data

for Gs and (Q+q) are included'whgre available. Rn data for

G;plot are illustfatedﬂin.all figures for comparative pur-

Yin
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poses, since G wes the b;se station. In addition,,two of
the figures contéin data for Stony Plain (Q+q) and Rn.
These will be discussed later. | .

The calendar date given represents ‘the 24 hour
period ending at 0900 hours M>. ¢ that date. Therefore,
the do° from 0900 - 2359 MS -  actually measured one =-ié?
calendar day before the- glven adce. This was done so as
to synchronlze the small plot measurements with the dally
meteorologlcal 0600 MST observatlons at the Ellerslie
climate station. H |

A note of caution is given before discussing these
data. The graphs represent individual 24 hour periods;
thls is important when considering their 1nterpretatlonh
It shouiu not be assumed that similar diurnal variations
have been occurring for any specified time period before 7o
or after the given date. The purpose of this research
project is to examine gfoss energy balance differences
ever several months., Detailed analysis for much shorter
time peri: is requires greater instrumentatieh; and is

beyond thefscope of this study.

N >

Dlurnal trends for PS plot are _llustrated in
Figs. 5.1 and 512. As mlght be expected, June 19 (Fig.
5.1) featured much higher‘midday (Q+q) values than
October 2 (Fig. 5.2). Upon comparing the two graphe;
b‘certain majer differences in longwave emissions can be
‘seen._'On J#ne 19, nighftime In values for G and PS’were

fairly simiiar, while in October, emissions from PS were
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FIG. 5.1:JUNE 19, 1976
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FIG. 5.2: OCT.2, 1976

800.0

T

600.0

7/~
| ELLERSUE
/' \ (O+q)

./. ‘

400.0¢

!
/ s
\

200.0

-200.0 NP
9

i

GRASS

79
TIME (MST)

. s

| DECIDUOUS

149



150

much greater, probably due to higher nighttime tempera-
tures in the sparsely leafed tree canopy than in the

open air. 1 This could have caused a lowering of daytlme -
Rn values for Ps, Lso that its peak was now the same as G

plot's, and its morning and late afternoon values were

lovcer. Considering the facfkthat G plot's albedo was
twice that. of PS in October, and that on June 19, PS L
exceeded G plot by more than 200 Wm™® at 1300 MST, this
change in rank is remarkable. Ge values at G plot ex-
ceeded Values at PS during both days, while there were
1ower nlghttlme emissions at PS. Both occurrences il-
lustrate the influence of the dec1duous canopy in shading
the ground durlng the day, . and,returnlng longwave . energy
to the soil surface at nlght )
S plot's diurnal trends for June Bb;and September
26 are illustrated in Figs. 5.3 and 5.4 respectively. The
resuits for June are similar to those of Fig. 5.1, althongh
~the midday Rn - difference is smaller, and S plot's night- |
tlme emlss1ons are consistently greater than G plot's.
However, the September situation is radically dl%ferent
from Fig. 5.2. Rn at S plot remains higher, and its Ln
emiseions are lower than G plot's. Considering the~leaf

" loss on PS plot and the dense canopy of S plot, one may

conclude that differences in canopy structure are probably
- . S \

1, 7. + gs
_"Relative humidity may ‘have been a factor too. See
Geiger (1965), p. 213.

-
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FIG. 5.3: JUNE 30, 1976
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FIG. 5.4: SEPT. 26, 1976
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the major factor in this situation.

Rn slightly exceeds (Q+Q) during the late after-
noon of September 26. This could be due to a short period
of positive Ln, or measurement error. Error possibilities
are discuseed in Section 5.2.5. |

W plot data for May 31 and July 24 (Figs. 5.5 and
5.6 respectively) reveal. that In emissions are similar to
those ef G plot. However, Rn values are higher during all
daylight hours (as opposed to PS andlS), thereby illus-
trating canopy structure differences. Its rough exposed
surface allowe greater absorption of low sun angle radi-
ation than the relatively'smooth G plot. Diurnal varia-
tions of Gs are similar to variations on PS plot.

B plot data for May 27, July 4, and September 17
(Figs. 5.7 - 5:9 respectively) show seasonal Varlatlons
in Ln emissions, when compared to G plot. On May 27, In
emissions were greater at B. On July 4, the difference
between B and G was smaller, and on September 17, the two
plots had similar Ln. Gs changed as well, with higher
values belng recorded for G pl - in May and July, and for
B plot in September. This illustrates the,effect of
changing plant cover and wafer use en B plot. 1In late May,
sﬁrface moisture started to decline until heavy rain fell
in late June. Heavy rain in‘late}summer ereated wet sur-
face cbnditions since plant water use had decreased. ,lMofst

soil has a hlgher thdrmal conduct1v1ty (K) than dry soil

(Sellers, 1968, p‘8) According to the Gs equation:
// o o -
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FIG. 5.4: JULY 24, 1976
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. FIG. 5.7: MAY 27, 1976
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FIG. 5.8: JULY 4, 1976
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) FIG. 5.9: SEPT. 17, 1976
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this should result in an'increaée in Gs in September since

@
S dT | dr _ y
Gs = -K 37 (5.1) where/az = temperature
). ! ] .
: ' gradient

t

. heat g;orage capacity 1s increased. l In July and late MNay,

acover had an lnfluence in equallzlng)the nlghttlme Ln on

'cover.‘and_

o8
Gs values at B“Q&Ft were reduced by the overlylng plant

'lew‘ ure levels, respectlvely - Nighttime.

§501l heat losses §Ere reduced somewhét due to the overlylng

.F plot s varlable weed COver on albedo,: anﬁkcons

R

plant cover ’ ,
. N oo : ’
F pl S data for June 2, July 18 -and September 18

(Flgs 5 10 - 5.12 5espect1vely) 1llustg§te ‘the effect of

3
nequen ly A
1ts Rn \ralues.t"‘r On June 25, maximum Rn values were ae m .ch
as 150 Wm ™2 higher than G. plot s, wgﬁle on September 18
tﬁe dlfference was\only 50 Wm ?. Ln emlssleds @ere.g ‘ner-

- y greater at F plot although on July 18, the heayy weed .

3

the two. plots T ;;“5>,\
3 <

”‘/

¢‘ACerta1n other~characterlstlh$ 6f the abOVe dlurnal

L

3

varlatlons can be noted. Many of the Rn curves show a

y

‘peak at.nlght. Tlme of occurrence varies with “the plot,

and With season. The seasonal variation is probablyua

.'consequence of prevalllng weather, but the® plot variatiohs

"ol -
b

;*W recorded peaks 1 - 2 hours

are, 1nterest1ng F, PS

later than G plot (Flgs.'S 10, 5.1 and 5.6) on June 2,7 e

~June 19, and July 24’ respectlvely.l“B and G reconded

-~

N [
’\ .

iy

~ PR

ltnis is similar to energy transfér in a calm.wate. bodg.

c
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FIG. 5.12: SEPT. 18, 1976
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maximum Rn at similar tlmes (Figs. 5.8 and 5.9). § plot
showed little temporal variation with G. There does not
appear to be a connection with nighttime Gs values, so
this could be illustratingymicro—scale differences in _
relative humidity. Theseﬁﬁifferences are discussed in
Section 5.2.4. Possible errors are examlned in Sectlon
5.2.5, 1nclud1ng potential - lnstrument calibration errors.

Stony Plaln (Q+q) and Rn data were inserted in Figs. 5.1

and 5.8 for that reason.

B . : » "

» Yo y o ;f:} .
_5.2;35' Net‘Radlatlon——Weeﬁly Totals K '

i

A

Net radlatlon for G plot the base station, was

}fcalculated from dlrect :uw 'rement durlng May 21 - August

3 and September 15 - October 7 Durﬁﬁg‘tﬁe intervening
.perlod from August 4 - September 14, Rn was derived .from
(Q+q) using eq. (%.6). Slope and intercept values are
: llsted 1n Table'5.2,-along‘with'correlation (r), variance
(r2), standard error (S.E.), and‘level of s1gn1fl‘§nce V’

(s1g). Slope and intercept fluctuatlons are in large

part a res l; of varlatlons in 1on§wave emissions at night,
/

and daytime albedo. Lorrelations and variance are very

'high, however, as are significance levels. Standard !

“7rs are less than 10% of average hourly values of

\ Je A rec;procal regress1on wasﬁggéputed as a check

&« L.
o4

agalnst unusual varlatlons in the relatlonshlp between

»
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Rn and (Q+q). If the relatlonshlp is genuine, the slope
should approximately eqagl the anerse of the slope
using eq. (2.6). The inverse is llsted in the table, and
-the slopes are within 0.06 of agreement.

A variation of eq. (2. 6) was employed to predict

Rn for the rotated plots, based on Rn data from G plot:
Rn (rotated) = a(Rn(G plot)} +b (5.2)

Regression slopes and interqeprs were computed at various
gimes during the study periodffrom paired data which con-
sisted of simulteneous hourly measurements of Rn at G

plot and at the rotated statlon These were 1nterpolated

durlng intervening perloda ﬁﬁgn the rotated set of 1nstru-

ments was measuring anotherﬂb
RegreSSlon slopes and lntercepts to be used in
eq. (5 2) are listed in Table 5.3. With one exceptlon,

B plot on' June 22 - 24, ‘all correlations are greater than ;

.0.90, and_at least 80% of the variance is ‘explained.

The majority offstandara errors range from 20.0 - 50.0

2, with only four higher than 60 ) Wm"?

80.0 Wm 2, 0on a percentage bas1s, most of the standard

Wm' and one above

Errors are 81m11ér %o those calculated for eq. (g.élr: k
An lnstrument malfunctlon durlng June 22 - 24 was the
cause offthe poor correlatlon and high otandard errors
calculated for this period ‘The slope and 1ntercept werg

not used in subsequent calculatlons. . - .

s’

()
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A69

Slopes ranged from 1.10 - 1.48. B plot registered
the lowest ones, an indication that itsvalbedo was the
closest to G plot of all rotated stations. PS plot had
the highest slopes, as well as high negatlve 1ntercepts
which slightly reduced Rn values However Rn values |
remalned higher than those on S, W and F plots s1nce
intercepts accounted for only 0. 3 - 0.5% of Rn. Results
for F plot were 1nfluenced by the same factors which ”
affected 1ts albedo; a dry crusty surface ‘and exten51ve
weed cover, both of whlch establlshed themselves rapldly

L,,s -
whlle the plot was undlsturbed Contlnuous tlllage and.

,,,,,

in higher Rn values, and hence. hlgher regreSSLOn slopes.
=

Lower albedo values for W plot during September affect?d

its slope,. whlle S plot's slope was 1nfluenced more by '

Achanges in G plot's albedo rather than 1ts own. PS plot

represents a more compllcated 51tuatlon due to the nature
of its stand structure, and seasonal varlatlons in leaf »,\'
canopy density. Multlple reflectlon and absorptlon al— |
ways reduce ‘the albedo of a deep. stand of vegetatlon.‘

’
However, the albedo of an 1nd1v1dual leaf is much hlgher,

~

so leaf angle, sun angle, and follage arrangement can

temper the albedo reduction.
\

\
Calculated mean dally Rn for 5 -9 day perlods.~

us1ng eq (5.2), ai&lllsted in Pable 5.4 and illustrated

oo et

in Fig. 5.13. F plot had the hlghest values in late . =~ .

|
{
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May and early June, but PS plot took the top rank on June
'10, and maintained this position throughout much of the
season..7g plot had the lowest values during the entire
“period.i The difference between G.and PS ranged from a
low of lZ;dOO.Wm;zday-l df the beginning of October to
60,000 Wm'zday"l during the first week of“September.
Significant differehces ocourred ouring ﬁuch of Augdst,
as PS absorbed 20,000 - h0.000 Wm-zday"l mofé energy than’
W, ¥, and S plots, Wthh were themselves 20,000 - 30, OOO
’" Wm 2day hlgher than B and G plots © Again, the- factors
which must have had an influence were plant - .ructuce and

surface conditions which affected the plots 'aloes.
F plot's ranklng during the flrst two weeks »f th- study -
period 1%}ustrates the potentlal this surface has for ab-
sorbing - radlant ‘energy 1f weeding and tlllage are main-

- tained. Although this 1ncnease in energy might have in-
creased evaporation,: the weeds could very ea31ly consume
as much if not more soil water, and their roots would

be abie to draw water from-greater depths than would evap-
oration alonetover a short time period, ?At:this point.

" the idea@@s'purely speculative. However, a detéiled
examinationidf Rn differencegvbetween the plots, and

the oartitioning of Rn into its various components,

especially IE, will go a long way towards settllng:

this and other 1ssues



5.2.4 Radiation Balance

Radiation balance was calculated for all plots on
the bafis of albedo,_global solar radiation, and net |
raqiation data presented in previous sections. Results
are listed in Table 5.5. )

) Differences in the prevaillng weather of each
‘selected period are apparent in the results. In values
'were close to 0 in August, vlllustratlng the influence
of this perlod s humid condltlons Comparatlvely drier
condltlons dﬁrlng the other 3 perlods allowed greater
emissions of longwave radlatlon from the various sur-
faces

Slgnlflcant varlatlon between the plots is ap-
parent as well G and F plots emitted the greatest amount
of longwave radiation in June and. August They had to
H share top rank An July with s plot while most plots had
similar longane emlssxons in September The plots with
the lowest emlss1ons were B and PS in June, W.and B.in
July, and PS in August and September.

UpOn closer examlnatlon of the calculatlons, it
is readlly apparent that the main factors Wthh are ‘in-

4 fluencing these emission dlfferences are stand structure
and growth characteristics. PS plot's canopyl which‘al-
.lowed greater radiatlon~absorption to take place, is also

reducing longwave emissions. The various leaf layers

174
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readily absorb these emissions and reradiate them to the.
cooler surface below Thls effectlvely reduces vertical
temperature gradlents above the canopy, while a tempera-
ture 1nvers10n develops below, especially during clear .
.daytime periods. The positive valye calculated for August
is probably a result of the combination of prevalllng
humid weather and the above structural effects. Had air
temperature data been dvailable for the ‘canopy layer it-
self (rather than the plot's. floor) temperatures warmer
than the other rlots would have been recorded this month,
‘Previous studles in larger deCLduous forests have shown

the crown to be as much as 6° C. warmer than the floor, de-

*- pending on tlme of day, spe01es, and stand age and den81ty

(Gelger, 1965).. Although thls large magnitude of tempera-

ture’ gradlent ‘Wwould not happen in.Ps plot (since the stand =

1s small and young)‘ the radlatlon balance results ingd -
cate that.if the plot was a larger stand, substantlal
temperature 1ncreases ln the crown area would result.
' ThlS is deflnltely a topic for further study at nllerslle.:‘
Slmllarly. S plot s canopy structure 1s 1nfluen01ng
1ts longwave emlsslons and subsequent air temperature.. How-
gever, stand helght is lower, and . denSLty is greater thah at
PS plot. The ‘air temperatures here were actually’ measured
in the lower part. of the crown. Consequently, these were
con31stently higher than PS plot's temperatures. The" .

greater longwave emlss10ns are an indication of the_
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- comparative dryness of the air above S plot as opposed ‘!
to PS. This is not surprls1ng considering the fact that
PS is probably.rranspiring at a greater rate than S.
So0il moisture otilization is E}lustra;ed in Section
'5.3.1. -

B plot's changing state of health is well illus- .
trated~in these results. In June and July, the actively
transpiring crop had one of the lowest emission _rates.

By September, longwave emission was similar to the other
plots, indicating a sharp reduction in water use.

” W plot; the other deciduous cover, had lower
-emissions than PS plot during July, but ranks were reverseo
in'Juhe, August and September. This indicates a difference
in lengfh of active growth.period. While PS,remained active
until well into the autumn, W started to lose its leaves
during the first week of September, and its soil moisture
levels showed a large increase during‘the'last week of
August, O
- G and F plots showed similar emissions throughout
ithe study period. G plot's em1531ons during July and'
'August were hlgher due to F plot's heavy weed cover and
lower albedo, whlch copblned to produce higher water
losses due to transplratlon and evaporatlon. The weed
cover also reduced F plot s emlss1v1ty At wavelengths .

shorter than 2.4 mlcrons, many plants have lower emissiv-

1t1es than m01st.bare ground (Sellers, 1965, p. 41).

-
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5.2.5 Errors and Analysis

Several sourées of pot;ntial\errqr exist when
‘measuring and‘deriving radiaﬁion balance componénts.
These;dncluée instrument placement, recorder reference,
poinfs,’calibrations, data extracfion, and calculation
erroré. ' -

Accurate'data requifefthat the'instrumentation'
be proﬁefly maintained, and that the radiation sensor o
should have an unobstructed-field of view. The height
of the sensor varies with the size of the plot, anduif
the piot is‘small. this height must be feduced so that
the-instrument’sénses énly the desired areé: The only.,
plot ‘which posed certain difficulties in inétrumént‘ll
placement was PS, éince the instrument tdw{? did not have
" sufficient height to completely clear the canoby. The
instruments gengrally had unobstructed views 6f the sun -
during all periods but those'With very low sun angles. -
Since radiation intensity during 10Q sun angle periods

is small compared to total incoming radiation, this

error is not considered significant when calculating

" daily and weekly totéls, In fact, a reduction in in-
coming radiation‘to the sensor shbuld have decreased |
Rn values.:ahﬁ results sﬁow that PS had the highest Rn
of the sik.plbfs, for most of the study period. The

October diurnal graph (Fig. 5.2) shows Rn at PS to be.
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lower than at G. However, Table 5.3 reveals that the
slope of the regression line is still.greater than 1.0.

" As previously mentioned, the diurnal variations should
nof be considered as representative of much longer time
periods, especially iﬁlautumn when PS is undergoing-rapia
leaf loss.

Albedo measurements at F plot poééd a different
problem, 31nce F was affected by human activity such as
weeding and tillage. As explained in Sectlon_5.2.l, thls
factor is imRortanf to the plot's albedo, fhereby making -
the date of measurement equally important. ‘This will
affect the results of eq. (2.4), spe01flcally Ln, but the
exact magnitude is unknown. © A measurement error greater
than +5% is not éxpected Thus, the max1mum potentlal
error would be found in June s Ln values, since (Q+q) - Rn
is greatest. -However, the seasonal total of tﬁis error
should be small, since méasﬁrements were effected Jn
widely separated dates;(éee Table 5.3) and over various
surface conditions;

All instruments were factory or’laboratory cali—
brated, and these should have been fairly consistent
throughout the measurement period. In fact, the Eppley
pyfanometer measuring. albedo was‘brand new. The digital
counter being utilized tb moﬁitor (Q+q) was abandoned in
favour of data extraction from the strlp charts when it

was suspected that the dlgltal was not functioning
"
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pProperly on days with low incoming (Q+q) The digital
erro} is illustrated in Appendix z. «

Potentlal callbratlon errors were checkeo by
comparing (Q+q) and Rn over G plot w&th/publlshed data
obtalned frOm Stony Plain (lat. 53° 33 N long\ 114° 06 W).
While planning the field program, the ldea oﬁ.us ng Stony
Plain data dlrectly was discussed, but d%sgarde &n favour ,
of direct Measurement gt Elleﬁslxe becaose“of potentlal
idlfferences in prevalllng weather“hnd its a§3001ated cloud
Cover. Table 5.6 1llustrates\the data dlfference between
the two Stations. "-The Rn differences could be 1ndlcat1ng a
comblnatlon of variations in prevalllng weather and statlon
surface albedo ang ILn, as well as instrument calibration
error. The surface effects would not be a factor in the
(Q+q) differences. The significance of the error on this
difference ig hard to determine. It is quite llkely that
there is a callbratlon error but it would appear that
this is within acceptable llmlts, conSLderlng the fact
that instrument errors of 5 -'15% are common. “Subsequentb
detailedqd analys1s w1ll employ 2 week totals so that randoﬁ
variation can be reduced, and since the same data are em-
ployed for al}l rotated plots this will not affect any |
differences calculaqed between them. Interestlngly enough,
if the E}lerslle (Q+q) were to be raised by 114%, albedos

would be lowered 2 - 3% since the denomlnator of the

fractlon would be inc- eased and this change could create
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-

somewhat questionable results, especially for PS and C
plots. - | , o , .
| The Rustrak strip chart recorders also presented.
a problem. Their ealibrations and reference points were‘
periodically checked while the recorders were operating
in the field, but since these are battery powered, the
reference p01nts may vary w1th the strength of the bat-
tery; Battery power was. continuously monltored however.
and recorder reference .points were checked so ‘as to ensure
proper strip chart analysisy

Other errors in strip chart ahalysis are:human
in origin. Random error is expected, but if it’;s ran-
dqm. the sum total of the error over daily‘or weekly
- periods should approximately equal 0, Comparlsons of

strip chart analysis for the same 9 day period, completed

V

on separate occasions by the author and Dr. Hage of the
Geography Department reveal a dlfference of O 118 thart
units on a chart scale of 100 units. The error is ‘thus

considered to be random.
. ]

Calculation errors are also human in origin, but )

these should be random as wellf"hMajor errors would re-

~

veal themselves upon comparison of ‘measurement results

against’ known norms. }\\‘ T .
Hav1ng considered the error poSs1b111t1es. one may
explaln the radlatlon balance data for ‘each plot, at least

!

on a comparative bas1s._w1th those data obtained from other



»

Plots. Equal amounts of global solar radiation were
aQaiiab1e for each-surface cover at the same time. But
Table 5.5'reveals marked differences as to h->w much of

this energy was stored for lat®r use by the various sur-
faces, PS plot'consistently recorded the Highest Rn values
and the lowe;t outgoing longwave radiatioh emissions ekcept
for the flrst and last two weeks of the study. F and G

plots had the hlghest emissions. Rn differences were

quulte large, and 1n some cases exceeded 60,000 Wm~ day 1

An 1mbalance has now been created and thls could affect

water use and the other oomponents of the energy balance. 4

. Therefore. it is ant101pated that major differences in

energy balance will be calculated for the various plots.

and these may contribute to the differences in air and

~soil temperature and soil moistire which were observed

during the'study.

5.3 Energy Balanoe

5.3.1 18

APW and cumulatlve APW are:- 1llustrated in Flgs

5.14 and 5.15 respectively. Results of eq.-(2.12) are _

listed in Table 5.7 and illustrated in Fig. 5.16. In-
" cluded in the figures are weekly rainfall data, and }g

Fig. 5.16, dates of human act1v1ty on F plot

134
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In general, all plots had reasonably similar L3
values at the commencement of data collection. Most prlots
reached a peak at the end of June, However. subsequent
calculations show the plot results dlverging as the sum-
mer progressed. Although large scale divergence is not
readily.apparéht in the APW curves (except in mid-July),
the cumulative curves reveal large variations between the
plots at the start of the study At this p01nt it is
1nterest1ng to note the 51m11ar1ty in trends that most
of the curves appear to follow after June 17, although .
it must be remembered that the plots started the grow1ng
season with different amounts of soil m01sture which
‘would affect both APW and cumulative APW. However, the
samé cannot be said for the IE curves, Reactions to
weather events were‘inconsistent, and overall trends are
difficult to see, except for a'generalldownward trend
from September 2 until October. Slmllar fluctuations
exist in the LE/Rn curves (Flg 5,17).

Regression analySLS\revealed few s1gn1flcant
linear relatlonshlps betweeﬁ the various plots' IE and Lm/Rn
values (Table 5. -8). Correlatlons were fair for PS vs S and
BS vs W, but it would be difficult to arrive at any conclu-
sions based on these results, espe01ally when one con51ders
that the magnitude of the standard errors in the LE re-

latlonshlps often exceed 30% of the 20 week mean, and
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less than 50% of the variance is e}plained for all but
the PS vs S cage. |

It is ‘apparent that no simple relatlonshlp exists
between the plots' IE values %or can LE be llnearly re-
‘lated to the.plcts respectlve Rn values. This is in C
abreement with Bayles (1972), who states that LE/Rn is
not a general 1nd1cator of soil moisture. Therefore,

more detailed analysis is required before any conclusions

regarding soil water use can be reached. ' .

-

5.3.2 Gs

e

Soil heat‘flux‘for G plot was calcalated from
direct measurement durlng May 21 - August 12' and September
17 - October 7. During- the 1ntervenlng -period from August
13 - September 17, Gs at G plot was. estlmated by employlng
Gs/Rn ratios calculated be fore and after this Rerlod.l |
‘Data calculations followed a procedure similar to eq.

(5.2) using regression slopes and intercepts:
Gs (rotated) = g {Gs(G plot)! + b (5.3)

Although dally totals had to be estlmated durlng the inter-
vening period, hourly data were available at certaln times,

and regression slopes were calculated from these.

3

l‘I'hese ratios are listed in a later section{ E .



" Regression slopes and intercepts are listed in

Table 5 9. Correlations are generally 1ower than those
listed in Table 5:3, but most of them are acceptable.'
Several individual’ perlods, such as Ps on September 3 - 4
and F on August 29 - September 2 were hampered by rec%rder
problems,_soégbelr sample slzes were small, consequently
affecting: s1gn1flcance levels. S plot had two correlation
values below 0.8, but these were probably,due to physical
factorsirapher than instrument error._ The coniferous
canOpy's;i;fluence‘should vary oﬁly slightly, while Gs
values at G plot fluctuate. This variance is magnified
because theN;;ghltude of Gs is so small. 'Pherefore, large
predlctlon errors are not antlclpated but to improve ac-
curacy, the results for July 27 - 30 will not be used in
subsequent calculations. ’

\ F plot, as expected, had the highest slopes because
qf greater soil-exposure. S plot Kad the lowest ones for
the opposite reason. Mosf‘of the intercepts are within

-2

5 Wm of 0.0 Wm-z, indicating that there are no major

temporal variations between the plots diurnal trén@s. LB

and PS}plots showed large slopé increases towards the end

of the study period; and this was probably due to leaf loss,f

which increaséd surface exposure. F plot's slopes were
_probably affected by weed cover density and soil'wetness
The latter point is more important for F plot than for

any other cover, since there is little or no overlyiﬁg
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vegetation that can intercepj precipitation and reduce
direct throughfall. B plot was also affected by surface
wetﬁess, but this varied with plant density and water use
ratper than precipitation frequency. 'Dﬁring the summer,
the healthy plaqt cover shaded the surface. Towards
‘autumn, much of the plant cover was removed, ‘thereby
exposing the surface to solar radiation and wind. These
‘evénts must have affected soil thermal conductivity at
both B and'F plots. Further discussion on this topic
will continue in a'later section.

S0il heat flux data are listed in Table 5.10 and
illustrated in Fig. 5.18. While its magnitude 1s quite
small compared to the other components of thevenergy '
balance, significant Gs differences between the plots
vmay,'in large part: account for difference§ in their re-
spective soil temperétures, which are illugtrated in Figs.
4.6 and 4;7.

Upon examining Fig. 5.18, one notices certain
consistent patterns. F plot's values are thé highest
4(éxcept for one week in June) and ¢ plot's are the second
highest from-May 27 - Syptemver 16. At that time, sig-
nificant differences disappear, .and the déily soll "energy
balance" hovers fairly close to 0.0 Wm;z as the.wénter
seas appfoaches. Another iﬁtergsting point is that in
May and June, differences can bé discerned between the

remaining open plots (W and B) and the two wooded plots.
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By July 22, the difference is reduced te a very small
quantity. )
Although the above trend description may have to
be quallfled somewhat due to pos51ble interpolation errors
(see Section 5.3.5), there can be llttle doubt that F and
G plots recorded higher Gs values than the remaining four.
Figs. 4.6 and ﬁ.? reveal that from June. to September 1975
and 1976, F and G had the warmest 20 cm and 100 cm. soil
temperatures, while the two wooded plots were the coldest
_Prellmlnary 1ndlcatlons p01nt to Gs differences as an im-
portant factor in the plots' soil temperature differences,

However, further analysis is required in order to quanti-

tatively determine the significance of the Gs differences,

5.3.3 H | |
Sensible heat flux data are listed in Tabie'S.ll
and illustrated in Fig. 5.19. H is the re31dual term in
the energy balance calculations, since it was the only
parameter that was not dlrectly measuréd Hence, its

results are dependent upon measurements of Rn and 1LE,

/
and to a lesser degree on Gs.

Although there are large differences in mean values,
with PS and S being the highest, and G the lowest, rankings .
for individual weeks varied. As with the LEZ results, trends

in H are hard to see, but it appears that there is slightly
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less chaos in the H curves so that certain pafterns can

be noted. In June, there is a general decline inuvalues.
followed by a sharp increase in July. A secondary minimuh
occurs on August 5, followed by anotﬁer increase towards
éarly September, and a decline of values at the end of

the study period. However,' certain individual plots do
not appear to be following this trend at all times. G
plot's values increase in mid-June, whlie the other plots
showed a decllne, and durlng late July and early August

B plot's curve slopes upward, contrary to the other five.
The LE curve (Fig. 5.16) reveals that G plot's values for
mid*June were fairly constant, so the increase in H was
due to an increase in Rh alone. The éituation in July
represents a différent story though, as LE values for B
plot incréased sharply, thereby accounting for the decline
in H. '

Other outstanding features include the large
negative valués for W at.the end of June, and for G
dﬁring the first week in Aﬁgust. Also, H values greatly
fluctuate during mid-July and early August. The low values
for W correspond to a period of very high LE values. The
wide gap in H values on July 22 and Augdst 12 were simi-
1ar1y caused. On the other hand, G plpt registered only
a 30,000 Wm-zday"l increase in LE from‘July 29 - August 6,
while H values declined by more -than 70,000 Wm—zday—l. A

decline in Rn accoynted for the remaining 40,000 Wm'zday'l.

*
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: In general, ps and S ranked high for most of the
study period. W, F, and B exceeded the tree plots"values
on several occasions, but were usually ranked between the
tree plots ang Gi which had the lowest or near lowest
values, eXcept dqring“latefJune and weekly periods ending
August 12 ang September 16. Ag wi?h‘the other pérameters,

further analysis is required tg determine the significance

of these rankings before conclysions can be reached.
y ’ :

5.3.4  Bowen Ratio

Bowen Ratio céiculations‘gre liste& in Tabfew5.12
and illustrated’in Fig. 5.26. The’generai trend ddfing
the first six weeks resgmbles the H curve, but instead
of divergence, B values for al}] plots were quite similar
at the end of June, despite large absolute differences in
H. The tree plots eeparate themselves from the others
dufing mid-July, while W does so on.Aygust 12 and F on
August 19, There is incredible scatter of B values in
September.‘but~this is probably due to the decrease in
magnitude of the energy balance components, which would
facilitate enormous but unrealistie shoft%term chenges
in 8. Another Possible explanation is the large tempera--
ture difference‘between the warm surface and the fregh .
cold air mass that typicaily arrives-iﬁ'autumh; H (and

. s o
consequently B8) would be greater than normal in this

L
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ﬂituation“(Denmead. 1969). Subsequent calculations of
mean B values should‘not be affected by this, in any case.

In general, it can be no A4 that the early portion
of the study period was dry, with more humid conditions pre-
'Qailing at the end of June, and continuing towards early
September. The exceptional values previously mentioned
can be related to low IE values for these individual weeks.
Low rainfall during much of July probably accounted for high
B values at PS and S, since light precipitation would have
been almost completely intercepted by the tree canopies.
More intense precipitation, such~as that provided by storms
experienced at the end of June and the beginning of August,
are required before soil m01sture levels benefit substantlally
Slnce the flrst priority of energy use 1nvolves water usse,
more of the available energy could be utlllzed for trans-

. piration and evaporation rather than sensible heat.

While the above may explain high 8 values fof;PS
and S, the cause behind W plot's high B value in August
remeins a mystery. It is possible that there was an error
in soil moisture calculations for this 1nd1v1dual measure-
ments, However. the detailed analysis that follows uses
mean values compilled over the entire study (a period of
20 weeks) - Wthh should effectlvely reduce the lnfluence
of‘this anomaly Meanwhlle, the high g value for F

plot ln August could be related to weedlng and’ tlllage,

G,



which was done the previous week, and so temporarily
reduced transpiration demands on Rn, thereby lowering

LEI

5.3.5 Errors and Preliminary Analysis

Errors in energy balance caiculations are basic-
ally the same as those in radiation balance calculations,
but with two major add..ions. The first involves errors
in so0il moisture calculatioms,'and the seand concerns
interpolation of regression slopes for Rn and Gs. t

The neutrom scattering equipment was calibrated
during the study period, so large‘calibration_errors are
not anticipated. The most likely source for measurement
error was the placement of:the surface probe. ThlS created
some difficulty, espec1ally at W plot because the shrubs
themselves were falrly close- together :Since the August
12bmeasurement at w plot cannot. be easily explained by
physical factors, it may be assumed that the surface probe
was not p031tloned properly on the plot surface. APW
calculations were based on s01l moisture totals whlch )

were welghted accordlng to the measurement depth. For

example, if data were available for a 1 metre depth the

" calculation procedure would be as outlined in Table 5 13.

The surface calculatlon thus has a 10% 1nfluence on'the

flnal sum if data are available for 1 metre, and a some-

214
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TABLE 5.13
PROCEDURE FOR SOIL MOISTURE CALCULATIONS

List all data by depth; e.g. 0.1 m -- xl

0.2 m -- x2
¢
O0.5m -- x3
\ ‘ \ 0.8 m -- x4
1.0m -- x5

Calcula£é mean values for each layer; e.g. x1 + x2

s
¢« B
L "

Weight each value according to width of soil layer;

e.g. Zl_%_ﬁﬁ x 0.2; ,53_%_52 x 0.3 -

. Sum all values to prody@% weighted mean; units are

m_l‘soil_ ¢

APW = data for time (t + 1 week) - data for time (t)

Convertvfrém em m™1 to gm m™L for use in IE

calculations.
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what greater influence if only shallower depths can be
| : o .
monitored (as was the case with PS and S plots). .This

appears to be an_ isolated case, however, as the various

soil m01sture curves (1nclud1ng Fig. 5.15) show W follow1ng
trends similar to°several other plots ‘both before and after
this date. vFlnal analy31s is based on 20 week mean values,

and it isvanticipated that an individual error such as this

one will not 51gn1f1cantly affect the final results.
Regre531on equatlo;s‘have already been discussed
in this chapter Several large tlme gaps exist between

perlods of dlrect measurement so there may be errors in

_1nterpolatlon of regre531on slopes during these periods.

Due to the high correlations and significance levels re-

‘corded for all'regression equations used, the magnitude

of this error should be small, although this would be dif-

| ’
ficult to verify. Slmllarly, the usage of eq. (2.6) and

assumed values for Gs/Rn poses additional problems on

late August and early September results. However, as

with the aforementioned situation, the regression equations

utilized show high correlations and significance levels, -

and since Gs is a very small quantity, absolute errors

should be small for both estimates. Asg previously men-

"tioned, the final analysis is based on 20 week mean values.

216

Also, shorter period mean Vvalues are calculated for 2 week -

- periods to facilitate the equallzatlon ofvtlme intervals

‘for all measurements at all plots durlng the entire study

i
!
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period. In other words, where there had previously been
periods of 5 - 9 days, the final analysis will use only

14 da& intervals. This should also serve to reduce the

effect of random fluctuation errorsg.

Energy balance percentages for each period are
shown in Table 5.14, Dates where data were estimated
are included. Be51des those prev1ously mentioned, there
were days when individual hours were missing from the base
 station data, but these were few in number, and should not
affect mean values. The assumed Gs/Rn values are very
small in magnlfude, except for F plot, but large errors
are not expected for this case either, since 15 weeks of
data are avallable upon which Gs/Rn estimates can be made
with some confidence.

The data presented in this study have been shown
to be reasonably accurate and representative of actual
field conditions. Having considered the various error
possibilities, it can be concluded that the data can be
analyzed at least on a. comparatlve ba31s. The purpose
of the statlstlcal ana1y51s to follow is to determine
the significance of the dlfferences in energy balance
between the plcts., Upon eXxamining mean energy balance
ratios (Table 5.15), differences as large as 0.2 are
noted for H/Rn, ang 0.5 for 8. It is hoped that when
these differences are examlned the plcture given by

AY

thls table will be made clearer.
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5.4  Statistical Analysis of Energy Balance ™

5.4.1 Analysis Procedure

The purpose of this analysis is to determine trends
‘and evaluate the statistical significance of the dlfferences
between mean values of the energy balance components for
each plot. Having established that the data reasonably
represent field conditions, the Paired t test can/be
used to provide an index, t, which is the rétio of the
difference between the means to the standard error of the
difference. This procedure examines sample means to see
if the differences between them were a result of random
variation, or significant differences"between'the indivia-
ual cases that constitute the mean. This assumes that the
ind;vidual differences are nbrmally distributed. Several
histograms illustrating'the distribution of these differ- ;
ences are'illustrated in Fig. 5.21. In‘a“ndrmal distri-
bution, 95% of the individual cases are found within 2,
,standard deviations (SD) of the mean. This condition
is satisfied in 7 of the 8 distributions shown. When
dealing with small samples of data, certain inaccuracie.
can resﬁlt from skewed distrib&fions, énd these must be
taken into account.

The individual cases are 2 week.fotals of“Rn. H,
-2, and Gs, for each plot. This was chosen to equalize

the cases' time intervals. The t test is a rigorous



FIG.5.21: HISTOGRAMS
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F~|G. 5.21: (cont.)
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technique and can be used for sample sizes as small a-

3 cases (N = 3), if the concept of "degrees of freedom“
is employed, rather than the actual number of cases.
Degrees of freedom are the number of values that can be
a351gned arbltrarlly, assuming that the-sample total andg
mean remain unchanged. Although N-1 ig often used for
determining d@grees of freedom N-2 is used here since
the standard error jis also assumed to be unchanged. This
increases the difflculty in prov1ng slgnlflcance. since a

hlgher t value must be attalned before the crltlcal value

is reached. For the purpose of ‘this analys1s, the 95%

between the samples) and acceptance of the alternative
hypothesis (there_ls a difference),

| | Simultaneously, the data are analyzed for corre—
lation (r). This test determlnes the degree of relation-
ship between the trends of a palr of‘samples. ngh cor—
relations imply a strong statlstlcal relatlonshlp. w1th
‘a perfect correlation belng r=1, 0. Note that it is
possible to have high correlatlons and 1n31gn1flcant t
values, and vice versa, for the é%ne palr of samples.'
since the tests ate independent of each other.

Before examining the test results, it is important

to point out the limits of what a statistical test can say

Although it 1s posseble to prove that the means are 31Fnl£1—

- 22¢
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cantly different, or that a strong correlation exists
between two samples. the interpretation of these results
is essentially based on human judgement'and experience.
These tests provide a mathematical basis for decision
4\making, but they are not an:end in themselves._ Human .
IJudgement requires examination of many factors besides

the test results, including phys1cal climatological, and

biological factors, before concluslons can be reached.

-

5.L.2 Results N

“Paired t test results for Rn, H 1E, and Gs,
are listed in Table %,16. A Analy51s was done for the
entire 20 week period, and for the flrst and second lO
week periods separately. Those results 51gn1flcant at
the 99% confidence‘limit. as well as those at the 95%
and(below §5% (not significant) levels are‘included

The numbers in the matrlces are dlfferences between
* the means of\the two samples 1ndlcated The dlfference is
calculated by subtractlng the - ‘Tow sample from the column
sample Negatlve ‘numbers 1ndlcate that the row sample
had the hlgher mean value of the two. i

~ The rows ‘and columns of each matrlx are ranked
by the magnitude of thelr sample mean dallj ‘Rn values
ThJs parameter was selected because it is dependent on

v

T all other energy and radlatlon balance factors.. It was

A

G



found that PS had the highest value, folqued by W, F, S
- B, and G, in that order, Slnce this ranking.is used in
every matrix, the negative values indicate that ‘the
ranking of that parameter for that time period does not
agree with the 20 week (or total period) mean daily Rn

rankings.

-

Coqre%ation‘test results are listed .in Table 5.17. *

5. 16 s are the indicated confidence limits. As pre-
" viously mentloned the distribution of significant t and
r relatlonshlps are not necessarily the same,

At first glance, it cao be noted that for the
total period, significant dlfferences exist between the
plots' Rn and Gs values., In addition, strong deg¥ees of
relatlonshlp exist between the .plots. However, if the
perlod is split 1nto halves, the first half shows poor

: correlatlons for Gs, whlle most of the second half dif-

ferences are found to be rot s1gn1flcant Upon examlnlng

H. it appears that G plot is 51gn1flcantly dlfferent from

the rest durlng the total and second half periods, while
certaln,other plots, notably W and F, show 31gn1flcant
dlfferences from the trees and ‘the remaining open plots
respectlvelgm leferences in the plots LE values are"
.found to be not s1gn1flcant over the total period, while
some dlfferences are computed between W and the trees

durlng the first perlod and B and several plots during -

!
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TOTAL
1st
2nd

KEY FOR
TABLES 5.16, 5.17

5/21 - 10/7
5/21 - /29

7/30 - 10/7
not significant

éignificant at .05 level

significant at .01 level
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climate.

'
the second. Both H and LE values show large numbers of
s1gn1flcant correlatlons over the total period, but there
are almost none for H durlng the - second half,

Another general observation that -can be made

o
concerns the distribution of negative dlfferences Rn

-and H have few, but LE and Gs have many, 1ndlcat1ng that

thelr rankings are considerably different from the total

iperiod mean daily Rn rankings. Hav1ng based the” plot

rankings on total period mean dally Rn valuea, it is ap-
proprlate to concentrate the analySLS on thls particular
matrlx The other matrices can provide addltlonal Jnnw

as to the factors behlnd the establlshment of this particu-

lar ranking, and the Jmplloatlons of these resﬂlts on micro--

S

Accordlngrto the test results, PS has significantly

"hlgher Rn Values than any other plot. There appears to be

'llttle dlfferonoe between W, F, and S, so they may be

grouped between PS and B. G plot is slgnlflcantly lower
than B in the Rn ranks.

¢

Why is the PS plot ranked first? It was found to

have‘relatively lowfalbedo values, but S and F plots’ alr‘

bedos were comparable.f However, PS had lower longwave

_ losses than S and F hlgher 1rst perlod H values than

'F and: hlgher total perloF H and Gs Values than S Its

second perlod Rn values were cons1derably hlgher than F

‘ i
end S plots'Avalues. F was fiot 31gn1f1aantly lower during

N

o
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the first period slnce‘lts low weed .cover allowed greater'w
soil exposure, thereby reducing albedo Meanwhlle, what

" W? This plot s higher albedos were compensated by lower
longwave emissions, whlle its low September albedo allowed
greater radlatlon absorption during the second period. Non-
significant differences were found for the two half perlOdS,

yet the s1tuatlon is dlfferent for the entlre period as a

- whole. The- only source for' thig dlfference 1s flrst period

H, where PS ig hlgher by 54,000 v 2dxd l. This is partlally o
offset by s1gn1flcantly highe- valu-s for first period LE at ’-}{%ﬁ‘
W plot oth relatlonshlps ha rong correlatlons as do %ﬁ?ﬁ&f

‘the Rn dlfferences A Te-~ examlnatlon of flrst half field

data reveals that W had much greater 5011‘m01sture content,

and LE demands were higher than the Rn avallable, thereby -

Necessitating additional 1nput of adVected energy from

<

elsewhere Consequently, H became. negatlve. Had W plot 5

albedo been lower, Rn might:haVe been raised sufficiently "Q

the key factors behlnd Pé outranklng W are probably lower L

soil m01sture content and lower albedo during perlods of
hlgh LE demand. _

It is important to note that PS plot:’ s LE values
dld not difr s1gn1f1cantly from P, and durlng the total
period, a’ falrlv strong correlatlon was computed A This ‘. *

Nl -

indicates that despite dlfferences in age. size, and soil

“m01sture availability, PS ‘and P plots’ Seasonal evapotrans-

piration rates are similar, However, when P was*cohpared

|

/
{
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' would be significantly changed, however, bégause of the

244

to W, the other deciduous plot, it was found -that P piot's
LE values were significantly higher than W plot's during the
second period. P is older and larger than the other two,
and this should reduce its ability to draw in heat

and energy from the outside, in which case its LE values
would be reduced somewhat.l. Differences in species, age,
plot size, and soil moisture availability, are all factors
in LE differences. However, in this case, these factors
have combined to reduce the LE differences between P3, P,
and W over the total period. Otherwise, it is likely

that ps, with adequate soil moisture, would have far ex-

‘ceeded the other plots' LE values, ahd its H values -would

) :

have been reduced. It is doubtful that the Rn rankings

radiation balance differences, especially the albedo %ﬁk

component. , VoL

The next question concerns W, F, and S plots"
similar Rn rankings. A significant difference was found

between W and S during the total period, and W and F

during the second half. No significant differences werg..

computed for}the first half. Correlations were highly ST

significant in all cases.

~
i

P

lThis is the "oasis" effect (see Rauner, 1976), which

was previously discussed in Section 2.4.1. The effect
becomes weaker as woodlot sizes increase.



Why should these plots have fairly similar
rankings? W plot's albedo is much higher than the other
two while it has a leaf canopy. However, .longwave losses

are lower, so W plot's Rn values are raised. The source

Gs, but nothing seems to explain the 9,000 Wm~ 2day;‘l advant-
age calculated for W over F during the second period, since
all other components show non-significant differences and -
poorly correlated relatlonshlps. The total periog result
shows no significant difference between W and F, so the
second period's difference was not large enough to‘affect
it. There is probably a trade-off between F plot's advant-
age in Gs, and smaller less slgnlflcant advantages in H and
'IE for W and S. It would appear that W plot's higher albedo

is compensated by greater evapotranspiration rates and lower

longwave emissions., The latter is probably a result of the

245

former, s1nce W plot could have had a higher relative humid-

ity on a micro-scale, which would tend to reduce longwave

d&osses On the other hand, trees are known to reflect long-
ane radiation more strongly than solid ground (Gelger, 1965;
Jarv1s et al.,g1976) Therefore, differences in canopy
structure, bare soil exposure, and foliage'characteristlcs
(e.g leaf orlentatlon) must be ‘taken into consideration
when examlnlng Ln losses. as well as for the Gs advantage

enjoyed by W because of its stand structure, which is lower

and less_dense than S.

e

:/I

wd.

.

<
&



The two lowest ranks are occupled by B and G plots.
The magnltudes of the Rn dlfferences between B vs G and B
‘:yﬁ S are 20,000 Wm~ day -1 and 9,000 Wm-zday*l respectively.
.Both values were found to be slgnlflcant ang‘the relation-
ships well correlated |

B plot Undergoes rapid'structural changes during
the growing season, as it advances from seedling to mature
plant in four months or less.‘ Consequently, two important
parameters are affected; albedo, and soil water use, Al-
bedo.varies with plant height and bare ground exposure

(Fritschen 1966), so reflectivity was hlgher for July's

taller plant cover, than for June's shor\er one As the
’ |

plants matured and changed colour reflect1v1ty was reduced

substantlally LE values were high from June to August,

but decllned markedly in early September,: due to reduced
plant activity. .In fact, second period LE-Was,shown to

be significantly lower than G plot's, while its H values
were higher. Second period H appears o be one main factor

higher total

behind B plot's higher rank, since G plotﬁlf

period Gs, as well as second period LE; Aéother factor

that must be considered is longwave loss, which_is greaterf

for G plot from June to Augﬁst. ., |
Meanwhile, what about ‘the plots ranked above B?

It appears’ that albedo is the main factor separating B -

from W, F, and S.. The difference between B and F is aug-

mented by F plot's greater Gs values. W had lower longwave

-
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losses than B, especially in June, perhaps indicating
loyer micro-scale relative humidity and higﬁer surface
temperature at ?. The smaller Rn difference between B
and S is due to‘albedo differences alone, and this is
slightly offse+t by a 2,000 Wm"zday'l aanntage for B plot's
JGs values Previous studies in Caw)erra Australia (Denmeéad,
1969) 1ndlcated that Rn and IE should be ‘higher for conifer- \
our spe 1es, while H and Gs are-lower. The discrepency in
the Ellerslie study's H and IE results must therefore be *
caused by S plot's limiting soil moisture supply.

G plot was ranked sixth, due to its high albedo
and longwave losses, and significantly lower H values.

These were slightly offset by high Gs values. IE values -

did not differ 51gn1flcantly from other plots

oy
TR

5.5 Implications of Results oﬁiéentral‘AIbeEta Climate

5.5.1 Basis for Conclusions -

Erevious:sections have included discussions on rew
field data, ealculated energy balances, computed stafisti—l
cal results and the reasons behind them. Various errors
have been cons1dered and 1nterpretatlons presented within
the limits set by the quantity and accuracy of the dd%a
and the power of regres31ﬁns. t tests, and correlations.

As a result of these factors, there are no attempts at

‘utilizing absolute values of energy balance parameters
¢
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for the purpose of mathematlcal or statistical modelllng
sxmllar to Table 2.3 or otherwise. However, there ex1sts

a statistical basis for comparing the gross energy balances
of the various plots at Ellerslle That was the purpose of
the field program. It is now possible to discuss the impli-
cations of thede resultsson Central Alberta elimate, keeping

in mind the potential influence of horizonial advection.
. |

v

5.5.2 Potential Micro-Scule tffects

Significanf differences in Rn and Gs have been
calculated for all six experimental plots. Certain plete
also exhibited differences in H. No significant diffe;e;ces
were calculated for total period LE alfhough some were found
for shorter periods. Since all fleld investigations were
done on relatively flat terrain, any statements made‘here-
in will apply strictly to flat areas. Large topographic
variations have a profound influence on energy and water
balances buf expesure aﬁd slope aspectvwere constants in‘
'this experiment, and are not considered in the following
discussion.

PS has the hlghest Rn values,»so one weuld expect
‘that its surface temperature would be relatlvely high as
well yet its longwave emissions were the lowest of all,.

despite what should have been @ high longwave albedo. v/f\‘

Deciduous trees are efficient water users, sp even though
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6il moisture levels were low, the trees survived the summer
- with no apparent damage. However, its high H and g8 values
are lnteresting. especially since LE should normally be
/dominating its energy balance (Rauner, 1976), Since H
increases if surface temperatures are warmer than the air,
it is poss1ble that H 1s most significant at night, when
air temperature and evaporation rates are lower Conse-
Aquently, a land use change from farmlangd to deciduous
~ forest would probably cause an increase in nighttime mlni-
mum temperaturee at canopy level.’ If soil moisture is not
limiting, daytime IE should increase to the point where it
approaches, or maybe exceeds Rn. In that case, daytime
makimum'temperatures would be reduced while relative humid-
ity would rise. This effect would be increased if there
weére numerous woodlots of small size (less than 1 km ) in
fairly close prox1m1ty to each other. Unfortunately. soil.
moisture is frequently limiting, so chances of thig occurring -
in G&@tral Alberta are low, unless several successive wet
years occur. In either case, soil temperatures will remain
lower than the more ‘open surfaces due to significantly lower
Gs values, | | |
Conlferous woodlots should have slightly cooler
s0il temperatures than deciduous areas, sfnce Gs is lower.

However other conclusions 1nvolV1ng coniferous areas are

not as easy to make,
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Longwave losses are higher, 1mply1ng either a higher
longwave albedo or higher surface temperatives, H and Rn

are s1gn1flcantly lower for the total perlod and these re-

- lationships are hlghly correlated so the trend is consigt-

ent. Since lower H and Rn values imply cooler surface temp-
eratures relative to the overlying air, longwave albedo ‘
would ordinarily be the most likely cause of high Ln losses.
Although energy balance results would seem to indicate that
coniferous areas should be cooler than deciduous areas,
screen level temperatures were warmer at S plot due to
canopy structural differences. On the other hand, lower

H values may be due to an increase in overlying air tempera-

ture, rather than g decrease in surface temperature. The

situation isg further complicated by its extremely low 3011

. moisture levels, which’ affected LE,

There is one factor that has not yet been dlscussed

Rn varlatlons with surface wetness. Wilson's (1976) study

of 1rr1gatlon effects on micro-scale climatic parameters

at Ellerslie showed that Rn was lower ‘over dry grass than

wet grass. He attrlbuted thls {o an 1ncrease in surface

temperature, whlchvyould increase " “ngwave emissions there-
by reducing'Rn. Therefore. 1t seems llkely that S plot has
hlgher surface temperatures than PS, so if its soil condi- -
tlons continue ,to be drier, coniferous area air temperatures
will be warmer than deciduous. Slncé}H values are lower,
these must be ~attributed to lower Rn, and in an indirect

\ 3
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way, to low soil moisture lebels 8 -does not differ s1g—

nificantly from PS plot's results (Table 5.14) so ‘small
coniferous woodlots will have an effect similar\to small
deciduous woodlots if soil moisture is enhanced. As long

as the prevailing weather remalns dry, its "oasis" influenoe
will be reduced. Unlike the deciduous areas, coniferous
areas would probably exhibit hlgher daytime and lower night-
time alr temperatures, and a lower relatlye humidity than
both deciduous and open areas. - It wonld be interesting to
compare S and PS under identical soil moisture condltlons.

b The shrub plot ranked second in mean daily Rn,
prlmarllyfﬁue to low longwave losses Although it is a
deciduous cover, its unique canopy structur: .- res‘ponsible/_
for creating its own mlcro~cllmate, which is different i‘rom
;a de01duous forest. 8011 moisture levels were much higher
at W than at PS, because of its. superior ablllty to retaln
winter snows. ThlS additional snow cover was instrumental
in ‘maintaining higher winter s01l temperatures. However,
the high m01sture content probably raised the soil's thermal
conducthlty, 81nce water replaced air in the s01l pore
spaces. In addition, there was less organic matter than
at tha(other open plots.l Consequently, W had lower summer

soil temperatures titan B and G plots, despite a lower albedo

and comparable Gs values. Therefore, shrubs should maintain

ISee Sellers (1965), p. 127.
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warmer winter and cooler eummer §oil temperatures than
fallow, graee. and harley couers. Its soil moisture levels
should continueto be higher as well, although its advantage
could be reduced after several‘dry winters and wet summers.

It 1sﬂso%ewhat difficult to state any firm opinions
about air temperature over shrub covers No direct air
- temperature measurements were made, as these were assumed
to be‘similar to G plot's. Due to the small size of. the
plots. this assumptlon was valld for the experlmental con-
ditions, but what about for larger surface areas° Results
';nd;cate that Ln is . lowest and Rh is hlghly ranked hut
total period H does not significantly differ from any ploL.
Slnce its soil moisture levels were cons1stently higher,
its surface tempera.ure was: orobably cooler. than FS, S,
and F»plote. while a full leaf -canopy existed. Lower al-
bedo, .similar or higher In lossésl and higher H values; "
.indicate that autumn surface temperatures ‘may be‘as‘high as -
or higher than these pldts;' |

s was higher at W plot than at B and G plots, but
rstatlstlcal analy31s reveals that total period H and LE -
differences are not SLgnlflcant. Therefore, W plot's sur-.
face temperatures are probably cooler than these plots as
well when‘lt has a full leaf canopy. Durlng_autumn, the
sltuatlon is similar to that previously described."These

statements raise questions about differences in time of

leaf fall between P§ and W, and the changes in late summer
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and early autumn energy balances that this causes.

The present soil.moisture,regime is the main factor
behind these differences. Higher albedo contributes to the
difference between W and PS, S, and F plots during fu1"
canopy conditions. Since shrub's albedo isg lower than .
and G~plots' throughout the grow1ng season, soil © isture's
influence 1ncreases in this situation. Another factor that
may be considered in the latter cases is lower wind speeds:
over shrub than over bafley or grass. Thls 1s a likely
évent, cons1der1ng shrub's taller woody canopy structure,
which would offer stiffer resistance to surface w1nds. ~The
idea is speculatlve, and a comparison of screen level w1nd
speedi d roughness length calculations would be useful in
determlnlng its accuracy » | )

F plot ranked very close to W plot in Rn, but its
radiation and energy- balances were quite  different. ngher
longwave losses were evident despite lower albedo values |
Aduring the first period Gs was much higher than at all
other plots due to greater exposure of the dark soil sur- .
faoe to incoming radiant energy, so higher s011 temperatures
should be expected under fallow fl%lds durlng Summer.

Wlnter temperatures w1ll vary w1th depth of snow cover,
and- under ex1stlng condltlons. lower temperatures are ex-

pected unless there is a heavy weed cover or: 1nducement ef -

- 8Bnow drlftlng by human 1ntervent1on (e.g. snow fences):
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Despite its advantages in Rn, F plot's H Values

-3

were not 51gn1flcantly hlgher than barley S, except durlng
- the flrst period when barley was actlvely transplrlng G ‘
plot's H values were lower for the total period, while no
‘slgnlflcant dlfference was calculated betwee. F ang PS,*S
or W, -
Hav1ng concluded that F plot S summer soil tempera~~
| tures are hlghest it must now be determined whether thls.
"as a surfa:e temperature, is higher than the other plots
surface temperaturesi It appears that the answer is yes.}*
since PS, W, and B plots have lower Ln emissions. However,
this is not obv1ous ‘when comparing F to S and G plots
) plot recorded comparable longwave losses because
Rn and albedo were not ~very dlfferent and on)occasion its¢;
| losses ‘were actually greater. Overall thelr surface temp—*‘
eratures are probably s1mllaru although this relatlonshlp
" is certaln t4 be affected by weed cover dens1ty ano *'rface ;
“wetness at fallow fields. | S ‘.‘ﬁu
Slmllar longwave losses were also calculated for G
plot, but Rn is much lower, and albedo much hlgherR Mean-
_ whlle, soil temperatures under grass, were hlgher from July
to - September desplte lower Gs values (see Flg L.6).
plot had greater water use, but F plot had lower s01l mo&s- J
ture levels at the %tart of the study perlod which may
have reduced LE dlfferences. It is suggested that F has a’

hlgher daytime surface - temperature than G because of lower

Y4a,
oy



thanwat F plot 31nce release of heat 1s more gradual As

'\max1mum dew usually occurs 1 - 2 metres above ground in

'_«would have an added advantage in attractlng dew.
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. albedo and 5011 m01sture levels (which ultlmately lead to
. Ulower evaporatlon rates) At nlght these hlgher m01sture
w'~_levels; comblned with the . overlylng plant cover, should

F"Fallow G to maintain’ ‘warmer 5011 temperaturesﬁ bUt the-air

ldyer in contact w1th the surface would still be coor
A

B “result of hlgher daytlme evaporatlon and transplratlon.

relatlve humldlty of air over grass is greater, and when

comblned w1th cooler nlghttlme surface temperatures in'

September, dew occurred more frequently over grass Slnce SR R

~ .non- forest areas (Gelger, 1965) the taller grass plants

Thus. the overlylng alr 1s cooler over grass than

over fallow flelds, and thls temperature Jlfference should
'1ncrease 1f the flelds are larger 1n 81ze (as opposed to

" the . reduced "oa31s" effect. should woodlot sizes dne- ase).

Relatlve humldlty will be lower for fallow field : - ;-

except durlng 1mmed1ate .post- ralnfall perlods, 1n Moo

LR
«

case surface evaporatlon would be hlgher and 8 would de— g

crease. SubseQuently,‘alr temperatures would be” lower, - _

:7 .. ; ' o

and relatlve hudelty would be hlgher. ’

One questlon th%t remalph“‘;vwhether G plot s
T .
surface temperature is cooler than all othep plots bes1des 2K
F and S. PS and W have preV1ously been»examlned I. was ° K '

-

concluded that PS would have higher nlghttlme mlnlmum

L oy pa



’.y ~d LL was: lower.. Overall 8 was hlgher but- thls result

l_radlata)-unhave lowerﬂsurface temperaturgéb(mean for the

0

-
e

temperatures, and possibly lower daytlme temperatures,
depending on LF W would be cooler when lts canopy is

-full, but mlght be warmer afte‘ﬁleaf "ioss occurs.

ﬂ
. «,x

B plot shad hlgher Rn, lower Ln and lowep GESValues

than grass. Second period H was much hlgher while second

wado still below PS, S, W, and F plots. Since 1z appeared

-to .dominate B plot S energy balance from June. to early

.%ugust 1t§bsurface temperatures were probably cooler

X

Second. perlod resules,lhdlcate reguced water use, SO more

energxtwas utllrze

[,.._

.ns1ble heat. Therefore barley'

surfdce'temperatures dﬁrlng second perlod were probablw

Whlgher than gras temperatures, ‘and the overlylng air's

relatlve humldlt as probably lower. which reduced the

5.5.3 Poge%tial Macro Scale nffects '.::__%

so LE 1s reduced and H. 1ncreases

- PP 3 R Tl . -

frequency of dew formatlon. However it, wouég not exceed."u

ey

temperatures at the fallow and tree plots Thﬂi&do@s not.;»

Fa .
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agree w1th Dehmead g (1969) flndlngs. which showed (Pdﬁﬁs¢t,'u

R

i

,\canopy) than wheat since Ln was hlgher 'uAt Lllerslle, &%

~n -

'howeye '5011 m01sture is: extremely llmltlng at S .plot, =

Co)

.,.-"-.

"-:z .

Y- ' a
S - L

Rﬁral land use in Central Alberta is domlnated by

-

cropland Census flgures 1ndlcate that thls domlnance 1s%

N . » .
LT - &—
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lncreasing, as is the use Of land: for fallow rotations.
Natural pasture and woodlots are declining. It is beyond
the pe of thls dlscu381on to speculate on future rural
1and/use trends. Some hypothetical possibilities can be

ment&oned, however, and their associated effects on climate

o

descrlbed ) "’ S o

f If woodlot™ acreages contlnue to decllne 1n favour
r

of cropland and fallow fle ds, albedo levels in former

.snows w1ll be reduced but surfabe w1nd w1ll 1ncrease

'be blown awa# There w1ll be other\h6$

 and air temperatures, and wind’ eros1on w'

‘,;

) actlvlty. 3 ' :g’ - - N - 4 : -

wooded areas will show an 1ncrease 1n general Surface
level temperatures should 1ncrease whlle at former canopy
(tree-top) levels, temperatures may decllne sllghtly . So0il
m01sture shall be enhanced 31ncewinterc§ptlon of w1nter

K

and. unless shelterbelts are prese ,_mggh of tbls snow w1ll

F T &ﬁ' s

e a‘i*saffects as

N

v,

well,_lncludlng an 1ncrease 1n open area hormzontal heat

transport Surfaceﬁtemperatures w1l1;depend on the extent

of fallow acnegge %ut W1nter and summer. s01l temperatures

-

s
]

Wlll certalnly 1ncrease. }f soil m01sture condltloas«are,.

1mproved LElwlll 1ncreasemjbut a contlnuatlon of, present
conditions’ Wlll lead to 1ncregsed H values, hlgher surface

ﬁ},

kg

: promlnent Vertlcal,,g‘ffects ;a,nclude 1ncreased temperature

gradlehﬁé ich co lead to greater local convectlve
[ A Y

N

-

4
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‘.be-pyofound. if, as previously described, numerous small M
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.On the other hand, should woodlot acreages increase,
surface winds will be reduced, albedo will decline, and s&fl

'
moisture and soil temperature will decline. g will increase in

woodlot areas, but their horizontal "oasié"<effects could

woddfots are established in the region. However, this

_depends on aVailability of adequafg sotl moistugf'and it

is anticipated that  1der present conditions, soil mdispure
gntic: TR
.‘ot it

will not' be adeque  under flatland woodiot ‘,"Shelterﬁeltgﬁ @

however, ‘are a 4 - ~ent matter. Rows of trdes oriented

perpendicular to ne wind can act as snow fences so that

Snow can accumulate, Open shrub woodlots would also be

L]
Al

useful in this regard, -~ ‘ : |

.1‘]'
.

"

‘lBesides interception,vwoodlots may prevent the accumu-

: lation‘éf”snow‘at.jhe soil surface by enhancing snowmelt
- and evapoxation.. This- would be.a consequence. of high ' ' e

radiatign;ébsorption At the -woodlot's edge (Hage, per-
sonal communiqgtion)./ o -
. ' - - . ' . - .
a ;5 ot - - * . - . . e

.«.“ q} ~f ! 1’



CHAPTER VI .
SUMMARY AND GONCLUSIONS

6.1 Summary of Ffﬁééngs

Phe €ross energy balances of six different land-
8cape surfaces typical of Central Alberta have been ex-
amined, Analysis included measurements and derivationg
of albedo, net radiation, senslbleJheat flux, 1latent heat
flux, soil heat flur, and other parameters suoh as goil
temperature,bsoil moisture, and air temperature. Incoming
global solar radlatlon precipitasion, and'tqugraphic
exposure were constant for all plots. ‘

Results have been glven for each of these parameters,
and: homparlsons made ‘between the dlfferent plot surfaces.
The plots have been ranked ‘according to total preriod mean,
dally net‘radlatlon The small poplag,plot ranked highest,

T

‘ foIIb%@dﬁby shrub fallow, spruqe barley and grass plots:
e ol
in that order The shrub faﬁiow, aﬁﬁ'sﬁruce plots were

Afound to havelfalrly 31mllar net radlatloh~¢alues, whlle
: s1gn1flcant dlfferences were: calculated between the re-

maining surfaces. Therefore, a mnore appropriate ranklng
ﬁ : . - ' .

N R .

highest v pop;ar - .

I : . : : :
shriub, fallow, Spruce = .

bafiey N

.o o .,

Wouldrbe:

lowest . .. . grags -

T L et s e e B RS e
N AT
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“s0il heat flux values, with grass ranked second. Upon
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o

The major factors behind this ranking appear to be dif-
ferences yn‘albedo. canopy.strucfure. relative humidity,
soil'moiséure. and longwave emissions, but these had |
varying 1nfluences on each of the net radlatlon results.
No 31gn1flcant differences have been ~calculated for total
period latent heat flux, 1ndicating similarities in total
period water use brought about by limitations in soil
moisture. Grass had the lowest*§en51ble heat flux values
over the:total period. Fallow was found to have the hlghest
1
partltlonlng the study perlod into halves, 31gn1flcant
sensible heat flux and latent heat flux differences were
calculated between several plot pairs. ;Pherefore it is
not surpr1s1ng to find t&at hypothetlcal ranklngs of sur-'n );,

R
face temperatures would probably vary w1th tlme

3o

midsummer ’ late summer, early autumn
" Highest . . . fallow, Ggi hlghest ..« . fallow,
R . spruce’ R N spruceb
S v €5 .- ‘shrub’
poplar’ ? V : - poplar
barley - ) barley
grass - - lowest .+ + . grass

with publlshedwflndlngs from other locatlons Areaa of

dlscrepan01es 1nclude energy balance results for the two

4
. ¢+
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wooded plots. Soecificallerlatent heat flux values are

-

. below expected levels, while sensible heat flux values
- are above. It is concluded’ that limiting soil moisture

is the main factor behind these changes in energy balance.

- 6.2 "Gonclusions'and.Recommendaﬁioz
vy xv; .

ko
The purpose - of thls study was to examlne the gross :

energy balances of s1x dlfferent Vegetatlon surfaces, and
the manner 1?_whlch each surface reSponded to equal amounts

of 1ncom1ng solar energy and pre01p1tatlon Despite the

& B

¢

small*51ze of" each pl@t s1gn1flcant dlfferences were 1den—.

N CAE A

tlfled w1th1n thelr reSpeptrve energy balances,,and theseU‘

3 X

“T were

to several ‘unique faptors found 1n the varlous

Its magnltude may be strongly affected by surface propertles
" such as albedo, canopy s%ructure andhsoll moisture avail-

ablllty. Evapotransplratlon.1s‘SLmilariy'dependent on

)

canopy characteristlcs, as- well as macro-scale atmospherlc

events. Consequently, both facthps have to be con51dered

! \

before applylng publlshed energy balancetdata from other

1ocatlons to local conditions. N

leferences between external published energy balance
data and local data are also lndlcatlve of the adaptablllty

of certain vegetatlon ‘covers to env1ronments that may be

] - t

- Cr
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outs1de their normal ranges (or habltats) Ellerslie is
-
Q 1ocated in an’ aspen transxtlon zone borderlng natural
. ¢ wu

pralrl& ;rasslands. The two tree plots” espec1ally the

conlf rous, have unusuallxslow s0il mositure contents and~”

= high Bowen Ratios. They aée absorbing tbo much‘energy, and

e this is probably affecting their surface temperatures. Nor-

'\ﬁy&\» mally, local deciduous and coniferous woodlaqu are restricted

\ \\\\to stream valleys and depress1ons where there is some shade.‘ :
and m01sture can accumulate. Large scale tree planting on
open flat lands w1ll not be very. Successful unless addltlonal
molsture is provided, and treeoden31tles are restricted to
fal?ly low levels. The coniferous plot at Ellerslie is too
dense for the local env1ronment to adequately support it.
It is likely that the spruce trees here will not survive

X]
el 1‘6

much longer, unless several weﬁVsummers occur. Ind1v1dual~

trees and shelterbelts are mo
lots. ‘ - ' , “ c s
Many questlons arlse out of this study - If net
v iradlatlon dlfferences can be traced “to, dlfferences in sur- P
face temperature between wet ana‘dry Surfaces, does dur-

T atlon of . surface. wetness vary between the plots° Is the

declduous canopy warmer or colder thah the conlferous can- Cy
/’ opy° Would thelr albedos and air temperature profiles be
slmllar if soil moxsxure 1s l.mllmltlng'7 Would greater soil -

m01sture levels affect/t eir soil temperatures? What are

~ the radiation and<w1nd profiles of the tree and shrub plots?
, S S : .



e

Do these plots affect micro-scale wind patterns? Would
changes 1n wind patterns and the dlfferences in canopy
structures 1nfluence snow accumulation? Are there sig-
nificant "edge effects" at the tree plots which could be
partly responsible for reducing their soil moisture levels?
Would their effects be different'if the plot sizes were
larger?‘ Does tilled fallow use more wafer than weed in-
fested fallow? Are the screen level air #emperatures at

the shrub, barley, and fallow plots different from the

‘grass plot? Would they be different if the plots were

larger, and if so, would this affe¢t evaporation, -and
consequently, plant growth and soil moisture levels°

Woulgd energy balance results be 31gn1f1cantly dlfferent

: at other locations within the area/ suchwas-Stony Plain,

75{. Albéft, or Wetaskiwin? Research on these and other'

v

. that absolute values of_net radlatlon. latent heat flux.

toplcs are requlred before land use influences can e more
gb R
‘a equately predicted. b

- This study, deSplte_its size..has merely scratched
the surfacel~'The Elle_slie facility is'unique. and should
be®utilized to its fullest capacity. In fact, it should
be expanded if possible, to include plots‘of different
crop types, and additional,&ree plots, since mean values

could then be calculated from several plots rather than

just one. This would 1mprove data.accuracy 1mmensely so

A

soil heat flux,'and other parameters could be utilized ‘

!

S
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directly for the purpose of developing a statistical
model that could predict changes in energy balmnce from

changes k“ land use. Fa0111+ es of this kind. should also
Sy P
be estab *Shed at other locations if possible % §
BN
Geiger (1965) quotes the late German researcher

“

A, Schmauss, who said that "everything fits in with

' everything else." This is partlcul@rly true when the
- living processes of plants are involved, since there is

"~ always fegdback between plants and environment, and this

feedback may affect the physical relationship that is
being examined The adaptive ability ‘of-plants must be
con31dered when attempting to assess land use effects on
climate. But plants have limlts to their ranges, and.
human intervention fis often necessary to maintgin these
plan€s outside theilg' natural hablta‘gs‘t I‘he p&ent dilemma

that many North Amerlcans are fa01nghgh%s year is partially

“a,pesult of 1nadequate consideration of local climatologlcal'

and hydrological resources, and the limits they impose on
local agriculture. No extensive alteration of the land-
scape should ever be undertaken w1thout first accepting .
the responSibility for any side effects this ai%efatubh

may cause, whether or not a problem might arise "only"

once in twenty years. Since these side effeets . are not

"

7 yet adequately documented, for Central Alberta at least

such actioh should not"Be blzndly undertaken or should be

f

adequately documented whenractlon has already been uﬁdertakeﬁ.'

v -4 o o\
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