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ABSTRACT

The effects of surface changes on the heat and water budgets of the Canadian Middle
North have been studied for the region of The Pas, Manitoba, using a surface energy
balance model and daily synoptic and radiosonde observations for the period July
1967-June 1968. Comparisons have been made with the results of a previous, similar,
investigation for the same period for the Boreal region of Moosonee, Ontario. The lat-
ter region showed a positive water budget for all surface types, i.e., runoff, while The
Pas showed a substantial water deficit for all surface types except that of rock. This
deficit was calculated when using similar surface type descriptions to those of Moo-
sonee {(bars ground, forest, lake and rock). As the river runoff measurements indicate
a moderate annual regional water surplus, it was concluded that there may be condi-
tions at The Pas which reduce evaporation and which are not generally typical for
other areas previously examined. Such possibilities have been investigated. The main
point of interest proved to be the characteristics of vegetation types like lichen, which
has marked water retention properties because it generates strong resistance to eva-
poration. In order to obtain a realistic water budget for the region it thus becomes es-
sential to ascertain in considerable detail the structure of the vegetation cover and to
calculate the evaporation from each of the various surface types. The composite re-
gional water budget for 1967-1968 proved to be approximately balanced. Open water
showed high evaporation loss and lakes can only exist in the region by receiving water
from surfaces of rock, lichen, moss or thin soil. Maintaining an increased water arca,
as behind reservoir dams, would require either reduction in forest covered land or the
import of water from outside the region. Large-scale destruction of moss and lichen
would apparently have far reaching consequences for the regional water budget.

1. Introduction

A great variety of micro- and mesoclimate
types can be realized under a given weather
condition in a particular geographical area. A
patch of forest or grassland, a road surface, bare
rock, a lake or river, all exhibit characteristics
which govern the details of their specific heat
and water budgets. If one excludes the ocean
and the desert surfaces of sand or ice and snow,
it appears that nearly all climatic variants can
be realized in most areas. The regional climate,
resulting from the interaction of atmosphere
and surface, is thus the sum of the fractional
contribution of the various surface types pre-
sent. And, if one speaks of climatic change in-
duced by altered surface conditions, it is not
generation of the climate of a new surface type

which is discussed but, rather, the expansion
of one type at the expense of others.
Nevertheless, if the areal distribution of a
particular surface type is altered, then the heat
and water budgets of the remaining types will,
of course, be influenced. This happens for two
reasons—f{irst, because the surface air will be
modified differently and will then react in a
dissimilar manner with the ground downstream.
However, the mixing of the air is quick and the
advection usually rapid, so the changes in the
surface type must be quite marked and extend
a considerable distance upwind before air mass
modification becomes significant. Secondly, if
the surface type is altered it may have conse-
quences for its water budget. If the changed
surface uses more or less water than before,
the runoff will be different. Since the water
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Table 1. Annual water budget, Moosonee, Ont.

Water surplus

Bare ground, water storage

capacity 5 cm 41.20 cm
Bare ground, water storage

capacity 20 cm 31.50 em
Dense coniferous forest 23.73 em
Lake, 33 m deep 32.95 em
Rock 67.25 cm

motion is very much slower than the air motion,
the result will be different water budgets in
adjacent localities, hence a change in surface
heat budgets and regional climate.

The water budget is unique. If the available
water exceeds the water demand of the atmo-
sphere at a certain locality (the potential eva-
potranspiration), then an increase in the water
supply will have no consequence for the regional
heat budget or climate. The extra water goes
into surface or ground water runoff and is of
interest only to the hydrologist and not to the
climatologist. However, when the water supply
falls below the demand, the surface heat budget
is influenced profoundly. The energy now not
used for latent heat transport is transferred to
the atmosphere via sensible heat flux, which
requires increased surface temperature. This is
climate change.

In order to study the effects of surface
changes on the heat and water budgets of the
Canadian Boreal forest region, one year of sur-
face and radiosonde data (July 1967 — June
1968) from The Pas, Manitoba, were used to
calculate, for each day, the individual surface
energy balance terms for a variety of surface
conditions. Comparisons were made with a
similar investigation previously carried out for
the same period for Moosonee, Ontario (Vo-
winckel & Orvig, 1974). The location of The
Pas and Moosonee are, respectively, 53°58’ N;
101°06° W; 272 m asl, and, 51°16’ N; 80°39’ W;
0 m asl.

If changes oceur in surface characteristics, all
parameters of the heat and water budgets at
the ground will be affected, and in the present
study only such local changes are considered,
i.e., it has been assumed that the air mass,
which interacts with the changed surface, re-
mains unmodified. Thus the simulation re-
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quires only different surface constants. Such
changes have been simulated by the programme
called “EBBA” (Vowinckel & Orvig, 1972).

2. The water budget at The Pas

In the following, the possible climatic effects
of surface changes are expressed by the altered
water budget. It was pointed out above that if
the precipitation is greater than the water de-
mand (and if each surface type shows a surplus)
then surface changes will not affect the area
directly via the water balance. The runoff will
change, but the heat budget will not be af-
fected by any water deficit. Such surplus water
condition exists in the area of Moosonee, On-
tario, where all surface types have a positive
water budget as shown in Table 1 (Vowinckel
& Orvig, 1974).

The region of The Pas, Manitoba, has an
abundance of swamps and lakes, and might be
expected to show conditions similar to Moo-
sonee. Table 2 gives the corresponding values
for The Pas. It is apparent that the usual mid-
latitude surface types, including a lake, all
show a substantial water deficit with the ex-
ception of a rock surface. Paved or concrete
surfaces and natural rock have minimal water
storage capacity, consisting only of the water
used to wet the surface and the water which
might be held in small depressions in the rock.
In the programme “EBBA” this water is
treated similarly to interception, i.e., the water
loss is split into two components. The first is
used for wetting the surface (here assumed to be
1 mm for each oceurrence of precipitation), and
the second is the amount evaporated from this

Table 2. Annual water budget, The Pas, Man.

Water deficit

Bare ground, water storage
capacity 5 cm (initially

saturated) —11.0 cm
Bare ground, water storage

capacity 20 em {initially

saturated) —21.35 cm
Dense coniferous forest, water

capacity 10 cm (initially

saturated) —16.19 em
Lake, 33 m deep —25.31 em
Rock +27.75 em
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Table 3. Surface types within a radius of 55 km
from The Pas

Area of Water 13.87%
Area of Swamp 31.60 %
Area of Land 54.53 %

wet surface during the duration of precipitation.
The evaporation is calculated using the water
demand figure for the particular day. The in-
ability to store water makes a rock surface a
generator of runoff even under very dry condi-
tions with little precipitation.

Table 3 shows the areas covered by lake,
swamp and various land surfaces within a ra-
dius of } degree latitude from The Pas. A com-
parison of Tables 2 and 3 indicates that it seems
impossible to balance the water budget in the
area. A conceivable alternative would be that
the total river runoff is negative, i.e. that net
import by river flow into the region compen-
sates for the deficit caused by evaporation.
The hydrological balances for a number of
catchment areas over six years are reflected in
Table 4, which gives the annual runoff meas-
ured in two rivers: the Saskatchewan and
Sturgeon. It is evident that there is no water
deficit in the region but, rather, a moderate
surplus.

It might be that there occurs an annual gain
by ground water flow of a magnitude which
would allow net export of water by the rivers
and, at the same time, a negative meteoro-
logical water budget (greater evaporation than
precipitation). This possibility has not been
checked as it seems unlikely in view of the large
quantities of water involved.

It might be argued that the results simply
indicate errors in the programme EBBA. How-
ever, it has been used in a number of other stu-
dies of various areas, and the calculated water
budget figures have shown reasonably close
correspondence to hydrological calculations and
observations. The alternative is that there are

Table 4. Annual regional runoff {em) in two rivers
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conditions present, in the region of The Pas,
which reduce evaporation and which are not
generally typical for other land areas previously
examined. Such possibilities have been in-
vestigated and are described in the following.

3. Experiments with the water budget

There are a number of factors which can
change the water budget. First, there may be a
significant water surplus at a certain time of
the year, which provides runoff sufficient to
make up for the deficits of rivers, lakes and
swamps. Second, there may exist conditions
which sharply reduce the availability for eva-
poration of existing water.

In the first case, a temporary water surplus
is generated if more water is made available
than can be removed from the surface by in-
filtration. Very intense precipitation or rapid
snow melt are examples. In the programme
used for these studies, the surface runoff is
governed by the infiltration rate and the time
necessary for the surface water to reach a water
channel.

Table 5 shows the results of test calculations,
allowing the infiltration period to change by a
factor six. The values indicate an increase in
runoff with less infiltration efficiency. The in-
filtration duration generally stipulated in this
study is 3 hours. It is apparent that annually
about 3 cm less runoff would result from a
more efficient infiltration. This is about 69,
of the precipitation. No test gave zero runoff.
Infiltration can occur in spring only after the
ground has thawed. This includes frozen layers
below the surface, otherwise they act as bar-
riers to water movement and runoff would oc-
cur even if sufficient time were available for
infiltration.

The values in Table 5 indicate that only the
snow melt period is critical for runoff, as large
quantities of water are then suddenly made

1966 1967 1968 1969 1970 1971
Saskatchewan between
Prince Albert and The Pas 0.26 0.10 0.11 0.03 0.32 0.17
Sturgeon River 14.2 9.0 6.7 8.0 12.0 12.9
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Table 5. Runoff for different infiltration period durations (cm)

Duration % of preci-
(h) J F M A M J J A S O N D Year pitation

1 0 0.43 5.59 0.82 0 0 0 0.10 0O 0 0 0 694 16

3 0 0.43 5.59 0 0 0 0 0 0 0 0 o0 6.02 14

6 0 0 3.28 0 0 0 0 0 0 0 0 o0 328 8

available. When incorporating the possible ad-
ditional water in the areal water budget (Table
2) it is apparent that this change is quite in-
sufficient to effect a balanced budget.

Turning to the possibility that the existing
water may not be readily available for evapora-
tion, such availability will depend on the soil
water storage capacity and on the speed with
which stored water can be transported to the
atmosphere.

Test runs show that soils with small water
holding capacity will have relatively light eva-
poration and large runoff. The first few centi-
meters water holding capaeity will have the
greatest influence on these processes; when the
storage capacity reaches 10 cm the runoff is
no longer affected by storage. It can be con-
cluded that bare rock or very thin soil will
exercise a significant influence on runoff and
on the water budget of surrounding areas. In
a region of a permanent or temporary water
deficit, the amount of lake surface which can
be maintained will be greatest where the surface
is rock. Using The Pas synoptic data, the cal-
culated evaporation and runoff show that the
region could maintain lakes on 379 of the sur-
face if the rest of the area were rock. In reality
the extent of rock is small. From air photo-
graphs and maps it is estimated that less than
39 of the The Pas area is rock outcrop. In
terms of the regional water budget, the soil
water storage capacity effects are not very im-
portant.

There remains the possibility that stored
water is not readily available for evaporation.
A significant difference exists between a vege-
tated surface and bare ground. Vegetation ex-
tracts water from a deep layer, proportional to
the root density distribution. Thus, the water
extraction proceeds nearly unimpeded, even
with a dry surface layer, and is independent of
leaf surface area and of infiltration rate.

The evaporation from a bare surface dimi-
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nishes sharply once the top soil dries out, be-
cause the water conducting capillaries break
and soil water transport must be accomplished
by water vapour diffusion. The composition of
the soil is important in this process, the small-
est water loss occurs in coarse grained sandy
soils.

The programme permits variations in the
availability of the water held in different soil
layers. It is stipulated how much water, of the
total water demand, is supplied by each ground
layer. The soil moisture tension is then deter-
mined, for each layer, given the water demand
and the water deficit of the layer {Vowinckel &
Orvig, 1972). Experiments were performed,
using different values of water availability.
Three surface types and five water layers are
shown in Table 6. The difference in annual eva-
poration between ground types 1 and 2 was
close to 5.5 em (about 3 300 cal.). Between types
3 and 2 the difference was 7.5 cm (4 500 cal.).
The vascular vegetation cover thus evaporates
considerably more than the other types, al-
though the results for bare ground are mainly
of academic interest as far as the region of
The Pas is concerned, since the air photographs
reveal no extended or recognizable area of bare
ground.

The point of interest is therefore to investig-
ate possible vegetation types which may have
water retention properties similar to bare soil.

Table 6. Percent contribution to the water demand
by different ground layers

Layer
Ground type 1 2 3 4 5
1. Bare ground 80 15 3 1 1
2. Vegetation 35 30 20 10 5
3. Lichen-type 90 5 2 2 1
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Table 7. Runoff (RO) (cm/month and year), latent heat flux (QE) (cal cm~2 day-1) for each month,
annual total QE (cal em~2 year—1), net runoff (net RO) (cm year—?)

All terms given for three different assumptions of top layer water holding capacity. July 1967 — June 1968

Water
holding
capacity  Jan. Feb. March April May June
of top
layer (cm} RO QE RO QE RO QE RO QE RO QE RO QE
0.1 0 50 059 114 583 377 1.48 71.6 0 81.5 0 118.7
0.5 0 5.3 0.38 11.8 5.87 453 0.60 88.1 0 86.9 0 1322
1.0 0 53 049 11.6 548 63.1 0.28109.5 © 73.7 0 120.0
Year
July Aug. Sept. Oct. Nov. Dec.
Net

RO QE RO QE RO QE RO QE RO QE RO QE RO QE RO
0.1 0 1385 0 1107 0 89.5 0 363 0 179 0 4.1 7.90 22029 8.46
0.5 0 1468 0 1220 O 99.3 0 46.0 0 189 0 3.9 6.85 24640 3.72
1.0 0 1505 0 1226 0 107.6 O 346 0 179 0 4.0 6.25 25054 1.57

Rouse et al. (1971, 1972) pointed out that
lichen and similar plants generate strong re-
sistance to evaporation.

4. Lichen (Cladonia alpestris)

Unlike higher, vascular, plants the lichens do
not have conductive tissues. Accordingly, after
a period of evaporation a dry layer will be
generated on top. This vegetation type will
therefore act basically as a non-vegetated sur-
face of coarse material. In the present study it is
assumed that type 3 of Table 6 will apply. In
test runs up to this point it was assumed that
all layers of the ground had equal water hold-
ing capacity. As the upper soil water layer now
must coincide with the lichen layer, the amount
of water in this layer is prescribed. Its water
holding capacity must be set smaller than that
of the deeper layers.

The thickness of the live lichen carpet is as-
sumed to be between 3 em and 10 cm. Wet
lichen tissue may fill between 0.02 and 0.1 of
this volume. Thus, between 0.06 cm and 1 em
of water can probably be held in this layer. The
water holding capacity of the deeper layers will
be quite high as they consist, at least partly,
of organic material. In the present calculations
the capacity has been assumed to be 10 em
water. This amount will satisfy the require-
ment that no significant water deficit is gen-

erated in these layers at any time of the year.
Otherwise the actual value assigned is not very
important for the water budget calculations.
It is apparent that with small water holding
capacity of the first layer, the effect shown in
Table 6 will be enhanced. Test runs were per-
formed with water holding capacities in the
first layer of 0.1 em, 0.5 em and 1 cm water.
The monthly and annual runoff and latent heat
flux resulting from daily synoptic observations
in 1967-1968 are shown in Table 7.

The annual values of Table 7 include both
runoff and net runoff. The former refers to that
calculated by the energy budget programme
EBBA. The ground water content and amount
of snow on the surface will both have changed
from the beginning to the end of a particular
year. These values represent temporary storage
and must be considered in the water balance.
The net runoff is that which would occur if the
storage values are set to be similar at the be-
ginning and end of the year.

The values shown in Table 7 indicate that
runoff would occur only during three months
of the year. All experiments discussed so far
show that there would be a water deficit dur-
ing the summer, and the measured precipita-
tion would be unable to make up the depleted
soil water until the following winter. The only
exception to this condition is, as always, sur-
faces of rock.
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Table 8. Composite annual water budget for the area of The Pas, Man. (cm)

Water budget

Contribution to

Percent of surface regional water
of area Surface type type budget
3 Rock +27.75 +0.83
2 Bare soil + 2.00 +0.04
5 Coniferous, wet —13.26 —-0.66
5 Coniferous, no inflow + 0.46 +0.02
7 Grass, shrub, thin soil + 6.84 +0.48
32.5 Land surface, lichen covered + 8.46 +2.75
5 Swamp, deciduous, wet -16.45 —-0.82
26.6 Swamp, moss, moss-lichen + 5.00 +1.33
13.9 Water, 33 m deep —25.31 (—34.84)% ~3.52 (—4.84)%

Total surplus ( +) or deficit ( —)

+0.45 (—0.87)°

% Value in bracket for 16 m depth.

The values for Net Runoff in Table 7 appear
to be approximately inversely proportional to
the water holding capacity in the top layer.
Details of the water budget of this region are,
therefore, highly affected by the type of vege-
tation covering this thin surface layer. It has,
so far, been assumed that the top layer should
represent lichen vegetation. From examination
of air photographs the impression is created that
the major part of the region, classified as swamp
on topographical maps, is covered by a sphag-
num-type moss. Such vegation will have
characteristics somewhat similar to lichen, but
less extreme.

5. Conclusions—the regional water budget

Table 8 shows the composite water budget
for the area of The Pas, Manitoba. An uncer-
tainty is the depth and size of the regional
water bodies. A uniform diameter of 100 km
was assumed in the calculations. This is prob-
ably rather large, with the result that the
water budget will come out more positive, be-
cause a large lake evaporates proportionately
less than a small one. As for the depth, 33 m
seems a reasonable assumption. However, cal-
culations for an average lake depth of 16 m
are given in brackets in Table 8.

For the land area was assumed 3%, rock and
29 bare shallow soil with 5 em water holding
capacity. The rest of the land area is either
lichen, grass-shrub, or coniferous forest. The
forest in the area is not dense. The allocation
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of 109, to forest represents the surface covered
by trees if these were found together in a dense
stand. Grass-shrub is estimated to cover 79,
of the surface, and the rest of the land, 32.59,
i8 lichen-covered. The swamp area is considered
to make up 5%, by well watered deciduous vege-
tation, either trees or a dense lower vegetation,
and the rest, 26.6 %, being sphagnum and simi-
lar types of vegetation.

These estimates of surface types were made
after consulting air photographs and topo-
graphical maps. The areas could, certainly, be
evaluated more exactly and especially the water
holding capacity of the ground might be tested,
giving better values for this basic parameter.
Certain conclusions can, however, be drawn
from the present results.

Table 8 shows an approximately balanced
water budget. The most important fact is that
the open water areas cannot exist in this re-
gion without a very large supply of water from
other localities. A significant supply for this
deficit can only come from rock, lichen-moss
vegetation or thin soils with light vegetation.

If the water covered surface was extended to
any degree, for example by the building of re-
servoir dams, then the water surplus area
would have to be extended also. This would be
at the cost of the productive vegetation (forest),
or water from outside the region would have
to be supplied to cover the increased water de-
ficit. If neither of these possibilities existed,
the mean water level would fall until the vari-
ous areas again became balanced.

It seems likely that both sphagnum and
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lichen act as cover for a soil-humus with a large
water holding capacity. The fact that these
areas can function as the main water source is
solely attributable to the water insulating ef-
fect of this type of vegetation. Any other vege-
tation on such soil-humus would have an an-
nual water deficit of 15-20 em. Large-scale
destruction of this vegetation type, either de-
liberately or accidentally as by fire, would ap-
parently have far reaching consequences for
runoff, lake levels and the productive vegeta-
tion.

The natural conditions in the region described
are very sensitive to large-scale interference
with the environment. The size of the area with
these characteristics is unknown. It depends on
the amount of precipitation and its distribu-
tion in time, and on existing surface conditions.
From a cursory examination of climate and
vegetation maps the area might be quite large,
but it will be necessary to base heat and water
budget calculations on actual observations from
a number of stations to assess its extent.

Appendix. A brief description of
the Model EBBA

The following is a very brief and condensed
summary of the most important features and
sequences of calculation in the energy budget
programme.

A. Calculation of astronomical factors. Solar
constant for the particular day, declination of
the sun and latitude. Standard parameters are
used, such as mean distance of the sun, ec-
centricity of the orbit, orbital angle of equinoxes
and the radius and temperature of the sun. This
calculation is done once per day; all other cal-
culations are done for shorter time steps. The
present application of the programme was
based on two caleulations per day, once for
night and once for daylight hours.

B. Atmospheric profiles and clouds. Radio-
sonde temperatures and humidities, and sur-
face cloud and hydrometeor observations, are
used to derive detailed profiles of temperature,
moisture and cloud amount. These parameters
are specified for 17 levels and layers of the
troposphere.

C. Short wave radiation. The results of short
wave radiation parameters calculated in A and
B are used in conjunction with specified ozone

E. VOWINCKEL AND S. ORVIG

and dust distributions (considered constant for
a particular experiment) to calculate absorp-
tion and scattering coefficients for short wave
radiation and the resultant energy arriving at
the surface. This radiation is reduced (SGA)
by an albedo value derived from the surface
conditions—viz. snow or ice cover and thick-
ness, soil moisture, type of vegetation cover,
ete.

D. Atmospheric long wave radiation. Speci-
fying a uniform CO, distribution, and using the
profiles from B as well as the radiation tables
of Kondratyev, the atmospheric back radiation
(RLD) is calculated and, similarly, the long
wave upward radiation stream in the atmo-
sphere.

E. Turbulent fluxes (QE and QS), ground heat
flux (FQ), and terrestrial radiation (RLU). Use
is made of the surface energy balance equation:

SGA +RLD-QE -QS ~FG -RLU =¢

The absorbed short wave radiation (SGA) and
back radiation (RLD) are known. The other
terms depend inter alia on the surface tempera-
ture. If it is assumed that the physical processes
governing these terms are known, then they
can be obtained by an iterative process where
the surface temperature is changed until the
equation is balanced. The following relations
and conditions are employed:

1. Heat conduection in the ground is made
dependent on water content in five distinct lay-
ers, as well as on soil type (which is considered
uniform with depth). The ground heat flux
(FG) is obtained from conduction and tempera-
ture profiles in 12 layers below the surface.

2. Interaction between earth and atmosphere
takes place at two levels: at the ground surface
and at the vegetation surface, the latter having
a variable areal extent.

3. The synoptic wind speed observation is
regarded as representative for the top of the
vegetation and the wind speed decreases in the
canopy towards the ground with a gradient
proportional to the vegetation mass.

4, The sensible heat flux (QS) is obtained by
a bulk transfer formula including both thermal
and dynamic causes of turbulence.

5. The latent heat flux (QE) is obtained
from potential evapotranspiration calculated
with the same bulk transfer formula, modified
for the following:

Tellus XXVIII (1976), 5
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Table A l. Surface energy fluzes (cal em~2 day—* and year-1)

The Pas (1968)

Moosonee (1 July 1967 — 30 June 1968)

Precip Precip.

Month SGA RLD RLU QE QS FG om. SGA RLD RLU QE QS FG cm.

Jan. 42 382 446 4 -4 23 2.52 58 367 447 4 0 26 172
Feb. 69 412 481 9 7 17 0.42 92 395 476 7 15 10 1.72
Mar. 216 502 599 37 72 -11 0.65 156 480 573 32 31 1 345
Apr. 364 546 688 101 107 —12 4.32 264 573 875 90 57 ~13 8.45
May 457 643 799 97 197 — 7 297 480 635 785 152 162 —16 1.95
June 477 716 872 96 212 —-12 5.45 463 688 835 141 161 —13 8.87
July 482 735 876 155 180 - 7 6.80 405 763 878 183 89 —17 10.50
Aug. 369 720 841 102 144 — 2 6.87 378 735 862 139 108 - 3 17.56
Sept. 242 702 804 104 34 - 2 492 259 701 818 33 117 8 3.35
Oct. 121 607 694 21 20 7 2.05 121 625 705 38 13 10 4.72
Nov. 58 511 573 9 -1 12 3.07 54 518 588 9 -12 14 517
Dec. 28 414 470 3 —-13 18 2.82 45 445 514 4 - 7 21 420
Year 89 396 210 291 248 564 22 550 29 239 724 42.86 84 801 211 405 248 968 25 505 22 401 852 61.45

(a) The active plant mass and plant stomata
action.

(b) Soil moisture potential, separately for five
layers.

(¢) Precipitation interception and free water
at the surface.

(d) Root development and depth of penetra-
tion for the particular plant community spe-
cified.

6. Terrestrial radiation (RLU) is calculated
assuming black body emissivity.

F. Change in vegetation. The values of radia-
tion, evaporation and soil water and tempera-
ture are next used to calculate plant growth or
decay. Thus the vegetation amount is updated.

G. Updating of other parameters before the
next time step. The various energy budget terms
are used to update the following parameters
before the beginning of the next time step:
ground temperature in 12 layers, snow and ice
depth on the surface, depth of ground frozen,

water content in five distinct soil layers, water
content remaining in interception storage.

The time step is now ended and the next
commences, requiring new synoptic and radio-
sonde observations. If the time step is too short
to allow a new radiosonde ascent the turbulent
fluxes are used to adjust the old radiosonde
according to the heat gain or loss by these
fluxes. In the case of atmospheric energy gain,
dry adiabatic convective transfer is assumed
below the condensation level and wet adiabatic
above; for heat loss an inversion is assumed, the
intensity and height of which are inversely
proportional to the wind speed.

As an example of calculated values, Table
A1 shows surface energy fluxes for The Pas and
Moosonee for an average day of each month and
for a year, using twice-daily synoptic and radio-
sonde observations, for conditions of a grass
covered sandy soil with water holding capacity
of 6 cm.
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OKCIIEPUMEHTHI 110 BIOJHETY TEIIJIA 1 BOABL ¥V
TTOBEPXHOCTU HA KAHBAJICKOM CPEJAHEM CEBEPE

Hna paitona Ilac (Manurof6a) Ha KaHAICKOM
cpesnHeM ceBepe M3y4alTCA 3¢pdeKTH N3MEeHeHHA
GIO/’KeTa Temyia M BOJABI y NMOBEPXHOCTH € HC-
NMoJb30BaHHEM MOJEJM dHepreTudeckoro Oa-
JIaHCA TIOBEPXHOCTH U eHeZHEeBHHIX CHUHOITHU-
YeCKUX U pajuo30HROBHIX HabmiofleHMH 3a me-
puoj uwoap 1967 r.—uoHp 1968 r. [IpoBogurca
CpaBHEHMe C DPe3yabTaTaMM HpefbAYyIIuX aHa-
JIOTUYHEIX MCCJeJ0BaHMIl JJA TOro ke mepmoma
aaA pationa Bopua B Mycoun (Ourapwmo). Ilo-
caeHUll palioH o0OHApYHUBAET NOJIOHKUTEIbHEII
GlomeT BOAB [JA BCEeX THIIOB HOBEPXHOCTH,
T. e. CTOK, Torga Kak pafton Ilac oOHapy:uBaer
CYILIeCTBeHHBIN Ae@UIMT BOMABI [JIA BCEX THUIIOB
MOBEPXHOCTH 3a WCKIIOYeHHeM KaMeHHUCTOM.
Mopgo6HEI# AeduuUT TModyUYaNCA M ANA paitoHa
MycoHu, Korga 3a7aBajoCh aHAJIOIMYHOE OTH-
caHMe MOBEPXHOCTU (ronas 3eMyd, Jlec, 03€po,
kamMHu). Tak Kak u3MepeHus peYHOro CTOKa
YKa3HBAWOT Ha YMEpeHHBIl TOm0BOW NPHUTOK
BOJHL, TO GBI CAeNaH BEIBOJ, uro B paiione Ilac,
BO3MOKHO, CYILECTBYIOT YCIOBHMA, YMEHbLIIAIO-
mye HCHapeHuWe, M KOTOpHle B 1leIoM He TH-
NNYHB JJIA APYTUX pacCMOTpeHHHIX obmacreii.
IMogo6HEIe BO3BMOMHOCTH TaKke OBLIINM Kcciemgo-

BaHbl. lHanGonee uHTepeCHHIM MOMEHTOM OKa-
3QJUCh XAPAKTEPHUCTUKM PACTUTENBLHOCTU TUNA
JNHUIIAHUKOB, KOTOpHe 007aJal0T APKO BHIpa-
HEHHBIM CBOMCTBOM YJAepMUBAThL BOLY, NO-
CKOJIbKY OHM OKA3bIBAIOT CHJIbHOE CONPOTHBIIE-
Hue ucnapeHuo. aa nojydeHWs peanumcTHy-
Horo Olom#eTa BOAHI [JIA 9TOro pailioHa okasa-
J0Ch CYWeCTBEHHHIM YCTaHOBUTH MHETAJIBHO
CTPYKTYPY PACTHUTEIBHOrO TMOKPOBA U IOJCYHM-
TATh MCIApPEHHUe C KaMAOI0 THUIIA ITOBEPXHOCTH.
Moanwiit pernoHaibHeIlt Olonser Baaru 3a 1967-
1968 rr. okasainca npubamaureabHo cOajgaHCH-
POBaHHBIM. OTKPEITaA BOAA 0GHAPYKUBACT CHIb-
HYI0 IIOTEPI0 33 CYeT MCHAPEHUs, U IOITOMY
o3epa MOTYT CYILIeCTBOBaTb B JTOM paltoue,
TONBKO MOJYyYas BJAry ¢ NoBEpXHOCTH KaMHei,
JUIIAaMHUKOB, MXOB HJM TOHKON mouBbl. Iloj-
JAep:kaHMe Bo3pacTamoineifi BOmHONU Niouand,
HATIpUMEp, pe3epByapoB, CO3[JaHHHIX IIOTU-
Hamy, TpeOyeT WJIM yMeHbIIEHUs JIECHOro IO0-
KpoBa MM nepefpoca BOAbI U3 APYTUX PalioHOB.
YHauutomkenue B Goablinx Macuitabax MXOB M
JUIMAKHUKOB, IO-BUIMMOMY, UMeeT JaleKo UAY-
1I1e TOCIEICTBUA JJIA PErNOHAIbHOrO OlomHera
BOJIBI.
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