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Atmosphere Volume 7, 1969

METEOROLOGY IN WATERSHED RESEARCH IN ALBERTA

By

D. Storr
Meteorological Service of Canada, Calgary, Alberta.

NEED FOR WATERSHED RESEARCH

Canada has a worldwide reputation for being rich in fresh water.
School children are taught that we have one quarter of the world's total.
However, in some parts of our country, agricultural and industrial devel-
opment is limited by inadequate or unreliable supplies. As an example,
in the dry year of 1962, every acre-foot which came down the Bow River
at Calgary was '"spoken for" for irrigation and industry; there was none
left for expansion. Obviously, then, an increased or more stable water
supply is necessary. Dams and other "plumbing fixtures" are expensive,
have 1limited capacity, and in high sediment areas, have a relatively
short life. Studies in other parts of the world have shown that intelli-

gent management of the headwaters of a river can increase the annual
flow.

The East Slopes (Alta.) Watershed Research Program was therefore
established in 1960 to study the hydrology of the area with the aim of
evaluating and improving land management practices for water production
(Jeffrey, 1965). 1Increased total run-off is not the only goal. Because
peak water demand 4is in July and August, it would be an important
achievement if the peak on the hydrograph could be smoothed out or
delayed from its usual June occurrence.

Three experimental basins were established in the South Saskatchewan
headwaters in representative vegetative types; Marmot Creek in. spruce,
Streeter in aspen-rangeland, and Deer Creek in lodgepole pine. In 1967,
the terms of reference of the program were enlarged to include all
Alberta, and there are now ten projects of various sizes studying vari-
ous problems in the hydrologic cycle in the province. Thirteen federal
and provincial agencies are involved in the program on a co-operative
basis, so administration frequently involves more tact and diplomacy
than in a single agency project. However, administration is not the
theme of this article.
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THE WATER BALANCE APPROACH

The familiar water balance equation:
Precipitation = Run-off + Evapotranspiration + Increase in groundwater
and soil moisture storage,

provides a convenient means of illustrating the division of responsi-
bility among the research agencies studying a basin's water balance.
Input by the various agencies varies from basin to basin depending on
the purpose of the study, but let us examine Marmot Creek as a good
example.

Precipitation is naturally the responsibility of the Meteorological
Branch and I will deal with this more fully later. Run-off is measured
by Water Survey of Canada as the competent authority and five weirs have
been installed in the basin. Department of Energy, Mines and Resources
also measures sediment load and water quality. Measurement or estima-
tion of evapotranspiration is a joint responsibility of the Meteorologi-
cal Branch and Canada Department of Forestry since it is a function of
both weather conditions and plant physiology. Changes in groundwater
storage are the responsibility of Groundwater Division of Alberta
Research Council, and a network of wells and piezometers is being estab-
lished for this purpose. Department of Forestry studies changes in soil
moisture using neutron probes and electrical resistance units.

There is one other field of investigation not covered by the water
budget equation, that of snow hydrology. The study of snow accumulation
patterns and melt rates with respect to elevation, slope, aspect,vegeta-
tion types and density, and forest removal practices as influenced by
variations in radiation and sensible and latent heat fluxes is a joint
responsibility of Meteorological Branch and Department of Forestry. 1
think this field holds the key to success of the entire program. It may
be possible to partially control snow accumulation by forest harvesting
practices. Pre~selected accumulation zones, relatively sheltered from
sun and wind would have reduced evaporation and melt rates. While the
total basin run-off might be increased slightly, the snowmelt flood peak
could be reduced, thus decreasing erosion and increasing usable run-off.

The water balance approach also provides both a goal for which to
aim and a check on the accuracy of each term. For instance, it would be
very embarrassing if the precipitation measured was less than the run-
off from the basin! Run-off is the only term which can be measured pre-
cisely. The others have varying degrees of difficulty of measurement
and correspondingly large errors are possible.
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DESCRIPTION OF MARMOT CREEK WATERSHED

Before delving more deeply into the meteorological input into the
Marmot Creek study, a description of the basin 1is necessary. It is
located about 50 miles west of Calgary on the west side of the
Kananaskis Valley between the Fisher Range and the Continental Divide.
Figure 1 is an aerial view looking westward to the divide in the back-
ground. Elevation ranges from 5200 to 9200 feet MSL, giving an average
slope of 397 over its 3.6 square miles and creating severe access pro-
blems to the higher elevations. The lower reaches are covered with a
dense stand of lodgepole pine, then mature spruce up to 100 feet tall
extends to treeline at about 7500 feet. In the alpine area, shrubs and
grasses give way to bare rock and talus.

METEOROLOGICAL RESPONSIBILITIES AND PROBLEMS

The meteorological responsibilities in the program may be summarized
in the following table:

Hydrological Component Meteorological Parameters
Required

Precipitation ceen Rainfall, snowfall, rainfall
intensity.

Evapotranspiration oo Solar radiation, air tempera-

ture and relative humidity,
wind, pan evaporation.

Snow Accumulation and Melt oo Snow depth, density and
temperature, wind, radiation,
air temperature and humidity.

To measure each of these parameters for each of the sub-basins at
Marmot, two questions must be answered. First, how accurately can it be
measured at a point? Secondly, is there a consistent pattern for it
over the area, and at how many points must it be measured to determine
that pattern? For practical reasons, a third question dominates the
other two - where 1is an instrument which, operating without electric
power, will measure and record the parameter accurately without atten-
tion for at least a month at a time?

For some of the questions I have partial answers. The rainfall pat-
tern has been reasonably well defined as seen in Figure 2, the summer
rainfall in 1965 (Storr, 1967). This is measured with a network of 33
raingauges. It is quite consistent from year to year and we are now try-
ing to improve the accuracy of point measurements. The variation in
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total summer rainfall of almost seven inches im about 2% miles makes the
rainfall maps in some climatic atlases seem very inadequate.

Snowfall measurements are a problem, and no final answer is in
sight. Storage gauges undercatch by an unknown percentage because of ex-
posure problems, and snow courses can't measure accumulated melt or
evaporation. The best solution available is an approach that combines
gauges and surveys.

The temperature pattern in summer is becoming established from
thirteen hygrothermographs in Stevenson screens. Because of the access
problem, we know practically nothing about winter temperatures or
humidities.

A well defined valley wind has been noted at several places in the
basin and documented on a few occasions (MacHattie, 1968; Munn and Storr,
19675 Storr, Tomlain, Cork, and Munn (under review)). It is of import-
ance as a transport mechanism for heat and water vapor, but nothing is
known about its frequency, areal variability or wvertical extent. Also
required is a wind analysis by direction and speed for periods of snow-
fall to aid in the design of forest cuts to trap the snow.

Net radiation has been observed above the forest canopy for four
years, but the problems and frustrations that accompany radiation
measurements of any kind have been experienced. Detailed maps showing
theoretical spatial and temporal variations of clear-sky insolation
have been prepared by Ferguson, Cork, Anderson, Mastoris and Weisman (in
review), but have not yet been verified by actual observation. In the
field, attempts will be made to measure all components of the radiation
balance, but it seems c¢lear that it will be necessary to resort to
theory for some matters in order to produce detailed maps of net radia-
tion. In 1967, an energy budget study produced some very interesting
data on Bowen's ratio (for the apportionment of net radiation between
latent and sensible heat) and its dependence on wind and weather condi-
tions. If a replica of this study can determine the areal variations,
if any, in the ratio we can use the net radiation map to produce a de-
tailed daily map of evapotranspiration for the basin.

In the field of snow hydrology, we have derived a considerable
amount of knowledge from 20 snow courses, but they do not give an ade-
quate areal coverage of the basin, so supplementary measurements will be
taken at a series of grid points. To help evaluate the sublimation of
snow (especially under Alberta's famed chinooks) a project making
periodic weighings of snow-filled pans will be started this winter.

46



CONCLUSION

I have tried to show the role of meteorology in watershed research
in Alberta, using Marmot Creek as an example only. Some of the problems
are sublime (sublimation of snow), others ridiculous (how to prevent
porcupines from eating Stevenson screens). Of one thing I am sure--I
don't have to look far for an unsolved one.
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LAPWINGS 1IN NEWFOUNDLAND

J.J. Moakler
Meteorological Service of Canada, Toronto

Early in 1966, while working in Gander, I became aware through a
Halifax newspaper article that my native Island of Newfoundland had just
recently (January) been invaded - by Lapwings - a species of birds whose
natural habitat is in Europe and Western Asia, with normal migrations
ranging from the Mediterranean to the Faeroes and the European arctic
mainland; also that a previous large-scale migration to North America
had taken place in December, 1927. Although my interest was aroused, the
news cutting lay to one side for two years before my casual backfiling
system disgorgedit.

My own library contained a 1947 volume on Bird Recognition - Sea
Birds and Waders - and from this I gathered that the Lapwings are about
a foot in length, with rather distinctive colouring, and that flocks are
generally very large. The volume made reference to an article by Mr.
H.F. Witherby (1928) on "A Trans-Atlantic Passage of Lapwings'.

A first step was to have a 1look at the weather systems over the
Atlantic in December 1927. The surface charts showed a dominant low
pressure system over the Atlantic in December, 1927, with a prolonged
easterly circulation stretching from the British Isles to Newfoundland
(Figure 1).

Next, I wrote the Editor of the Halifax Herald for some information
from ‘their 1927 files, but drew a blank.

As well, I wrote the Editor of the Evening Telegram in St. John's,
Newfoundland, and sent along copies of the newspaper article that I had
been hoarding, and copies of some December, 1927 weather charts. The
Editor was kind enough to feature my request in his issue of April 26,
1968, along with my mailing address. (The Headquarters PR issue of 1IN
THE PUBLIC SERVICE for May, 1968, carried the Evening Telegram article
in its entirety.)

Shortly afterwards I received a reply from a former member of the

Gander weather staff, and now living near Bonavista, Newfoundland. He
had discussed the 1927 occurrence with older members of his community
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and learned that - "the Lapwings had shown up in Elliston just before
Christmas 1927 and had all died off by mid-January when the unseasonable
mild spell came to an end. Near our old homestead was sort of a marshy
brook and this was one of their favourite feeding places. This area was
always a hard knot for Jack Frost to overcome and it was not until mid-

January that it succumbed. With this and similar feeding places gone,
they quickly died off and many dead ones were found, particularly when
the spring breakup came and the fishermen turned their boats to an
upright position. The poor things had chosen that enclosed area, com-
mon to smaller fishing craft and known as the "cuddy'", to rest and had
there died of starvation and the cold."”

From the several replies, my most welcome correspondent was Dr.
Leslie Tuck, a Research Scientist with the Canadian Wildlife Service in
St. John's, Newfoundland, who stated that Lapwings occur in Newfoundland
with some regularity every two to three years, although the 1966 flight,
and more particularly the 1927 flight, aroused considerable comment. He
sent along on loan his copy of THE LIVING BIRD, an annual issued by the
Cornell Laboratory of Onnithology, Ithaca, New York, publication date
November 1, 1967. This book contained a very detailed and well-documen-
ted account entitled "Factors Affecting the Occurrence of the Eurasian
Lapwing in Eastern North America" and written by Aaron M. Bagg, complete
with a selection of weather charts for December, 1927 and January, 1966,
and tables of occurrences dating back to 1883.

Dr. Bagg notes that in the 1927 migration hundreds of Lapwings
reached Newfoundland while other birds reached Labrador, New Brunswick
and Nova Scotia, and single specimens were obtained in Quebec and Maine.
After the 1966 flight some thirty Lapwings were recorded in the vicinity
of the Gulf of St. Lawrence.

The Author cites from some thirty-five pieces of literature dating
from 1886 to 1966, and from numerous pieces of personal correspondence
with ornithologists and knowledgeable bird-watchers on both sides of the
Atlantic. His approach is both documentary and scientific, with dili-
gent tracing of both supporting and conflicting evidence to particular
sources.

He identified the Lapwing as a large Palearctic plover which breeds
in northern and central Europe and in Asia, and he concentrated on that
portion of wintering ground which included England, Wales and Ireland,
as well as adjacent areas of continental Europe. He noted that it is a
short-range migrant, although forced migration of wintering birds occa-
sioned by severe weather, a so-called hard-weather movement, results in
much longer migratory tracks. His source for much of the earlier docu-
mented evidence was H.F. Witherby, whose one article on the same subject
was a reference in my own book on Bird Recognition, while other writers
supplied additional material.
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He quoted A.L. Thomson who had written in 1926 that "in severe
winters the weather movements in west-central Europe give rise to an
immigration of Lapwings on the southern section of the east coast of
England, the birds afterwards spreading westward across the country".

Now and then these birds get into trouble as they move westward in
hard weather, and they overshoot the coast of Ireland. Evidence, prior.
to 1929, showed Lapwings arriving in Iceland, where there were numerous
records between September and March. North American sightings also fall
within the period September-March,with the great majority of occurrences
concentrated in the three months of November-December-January. Most of
his records are from Eastern Canada, with Newfoundland as the focal
point.

Witherby had noted that banding of nestlings revealed a tendency
for Lapwings from Northern England and Scotland to appear in Ireland in
late September and in October. For later in the season there is banding
evidence that birds of continental origin were recovered in Ireland in
Winter, so that Ireland appears to be the critical area in analyses of
trans-Atlantic flights of these birds. One of the Lapwings shot at
Bonavista, Newfoundland, on 27 December, 1927, had been banded in north-
west England in May, 1926,

Witherby had concluded that for the period 16-20 December there was

a very cold spell over much of England and Scotland,with the temperature

remaining below the freezing point day and night. Because of the

severely cold weather the ground was frozen and food difficult to obtain.
The main body of Lapwings appeared to have departed northwest England

about 7 pm December 19, bound for central or southern Ireland, and this

move coincided with an exceptionally high easterly wind. Since the wind

strength was close to, or greater than, the birds' air speed, the Lap-

wings could only continue downwind in an airflow which enabled them to

travel 2,000 miles and touchdown in Newfoundland before exhaustion and
starvation overtook them. There was a great deal of observer evidence

as to the size and timing of the flock movements.

The author gives the Lapwings a flying speed of 45 mph, and from
weather charts concludes they were in an airflow from the east at near
55 mph, giving the birds a ground speed close to 100 mph, and so allow-
ing for the east-west crossing in close to 24 hours. 1In corroboration
of the wind speed, the weather chart for 1 pm 20 December, 1927, carried
two mid-ocean shipboard surface wind reports of 39 and 54 mph respec-
tively, from the east.

Other weather maps provide sufficient circumstantial evidence to
justify the belief that off-shore winds frequently drift migrating birds
seaward, and that many of them fly downwind,in the direction of the air-
flow. Winter weather patterns, of such a nature as to carry numbers of
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Lapwings to Iceland, develop relatively often over the years, far more
frequently than patterns which carry them to North America.

During January, 1966, at the time of the second memorable trans-
Atlantic Lapwing migration, it is significant that there appeared to be

no Lapwing invasion of Iceland. Figure 2 shows the synoptic situation
at that time.
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Figure 1. Surface analysis, 1300 GMT, December 20, 1927, including
air temperatures in mid-Atlantic
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air temperatures over the Atlantic and in Western Europe.
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THE WINTER OF 1968-69 IN THE
LOWER FRASER VALLEY OF BRITISH COLUMBIA

By

*
Norman Green

One of the severest winters on record in the Lower Fraser Valley,
has just concluded. Based on the mean temperatures for December,
January and February, only one (1949-50) was much colder, while another
(1889-90) was slightly colder. January was the third coldest on record,
just behind 1950 and 1916.

The past winter was unusual in several respects. A very long cold
period occurred between December 26 and February 7, with severe cold for
the first week. Heavy snow fell; severe drifting was experienced; and
there was a record period of snow cover.

The first appreciable snow arrived December 21-22; 9.7 inches fell
at Aldergrove. Over the next two days, 1.64 inches of rain almost washed
the earlier fall away, but on Boxing Day, a severe outflow of Arctic air
began. Snow was generally light with 2 to 3 inches at Aldergrove but
many areas had none. With no snow for protection, serious damage to
strawberries, roses and other susceptible plants was experienced and
water pipes in many buildings froze. The temperature remained at or
below zero Fahrenheit for 84 hours continuously with strong easterly
winds blowing to add to the discomfort.

The three-day period, December 28 to 30, was the coldest in the
valley since the record cold spell of January-February, 1893. On the 28
and 29, the temperature reached only 4 and 59F respectively, while minima
were below zero. On the 31st, temperatures moderated as a disturbance
from the Pacific brought over 15 inches of snow in 17 hours. Light

*Mr. Green has been a co-operative climatological observer since 1953.
His station is 5 miles north of Aldergrove, 30 miles west of Vancouver
Airport near the geographical centre of the Lower Fraser River Valley.
He has built up a large personal library of climatological data, and 1is
very interested in comparing the current weather with wunusual past
occurrences.
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freezing rain over the next 36 hours made roads almost impassible,giving
rise to the quietest New Year ever.

Heavy rain began on January 3, and 3.26 inches fell in 32 hours.
The temperature reached 49 degrees on the 4th, and the mild, wet weather
reduced snowcover to about 5 inches by the morning of the 8th. A further
10.7 inches fell that day in the start of a 13 day period with a total
accumulation of 42.4 inches. Maximum depth of snow on the ground was
26 inches on the 16th and 17th. On the 19th, a further 5 inches fell,
and because of strong accompanying winds, the drifting was so bad that
roads again became impassible. The remainder of the month was dry, but
winds continued moderate to strong, with a continuation of some of the
worst drifting ever experienced in the valley. Maximum temperatures re-
mained below 20°F for the period January 26 to 30, with minimum tempera-
tures between the 22nd and the 30th below 10°F on seven of the nine days.
Coldest reading during that period was —3°F on the 23rd.

Many of the schools to the east of Aldergrove were closed for up to
3 weeks because the buses could not operate. Milk tank trucks had ex-
treme difficulty in making their much-needed calls to area farms. For
the first time, snow-blowers were brought in from the interior to clear
district roads; they could make little progress until the winds dropped
off on January 31.

Daybreak on February 1 was cold, with a temperature of 12° at
Aldergrove. The day however, was sunny, and the temperature 7rose to
429, normal for the date. The real cold had ended, and while more snow
was to fall, there were no more Arctic outbreaks, and no day failed to
reach at least 39°F. Last appreciable snow fell on February 7, when al-
most 6 inches accumulated in 7 hours. The depth of snow on the ground
climbed back to 21 inches, but an inch of rain over the next week accom-
panied by above normal temperatures gave the melt period a good start.
Because the rest of February was dry and sunny with frequent frosts, the
thaw proceeded without flooding.

Several records of note were established. The old records are shown
in brackets.

Lowest December temp. -4OF on the 29th (-2°F in 1964)

Lowest January temp. -3°F on the 23rd (-1°F in 1952)

Coldest January (mean) 23.30F (26.4°F in 1957)

Longest period below freezing 14 days, Jan. 18-31 (11 days in 1954
and 1964)

Most frosts in one month 30 January

Most consecutive days with snow (57 days in 1964/

on the ground 72 65)
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FINAL REPORT OF PROJECT MAMEX

Gratefully submitted to the Canadian Meteorological Society, Montreal

Enlightened and inspired by their first exposure to meteorological
research activities (they attended the February meeting of the Montreal
Centre, at which Dr. M. Garstang of Florida State University spoke on
the Barbados Meteorological Experiment (BOMEX)), two gay young visitors,
Martha and Mandy, teachers from the USA, applied their holiday technical
enrichment to the following report, describing their return trip by car
to Connecticut. The Montreal Centre is pleased to have this evidence of
the success of our meetings in bringing advances in the atmospheric
sciences to the attention of the layman.

PURPOSE:To calibrate and digitally compute the total vehicular displace-
ment in an unstable field from Montreal, Quebec, to Glastonbury,
Connecticut, on 27 February, 0900 to 27 February, 1600, with an eye to
minimizing pitch and roll.

REPRESENTATION OF LEVELS OF INSTRUMENTATION: The total system of sonic
anemometry relied on the radiometer to parametize the drop sounds. 1In
addition, the 20 centimeter tracking towers were the mainstay of the
10 cc acquisition system. Thus, using co-spectrum techniques the system
was able to collect untampered data in an orbital fashion, without the
need to dust the tape. The high-frequency albedometer gimbeled to the
thermometer yielded the flux values of the latent and sensible heat,
which were ambient. As our back-up system (157 of total cost) ambulated,
we untethered the nuclear buoyant balloon to calibrate turbulent states
in the interface. However, as we neglected to interrogate this aerial
system, the data are unknown.

PROCEDURE: After painting the town red and giving our colleagues a brisk
digital display which they returned, we painted the runway white to the
border where an anomaly occurred in the form of a cross-gradient diver-
gence on a mean and nasty trajectory giving rise to an M-33 Complex
which left the experimenters .989 on the adrenalin scale. We lacked the
proper equipment to read the stress in CGS units. Awaiting data from
Florida State University which we will forward. However, we measured a
discreet heat change produced in the total systems of MAM (Martha and
Mandy) which was measured at 2 degrees per 1000 feet all the way up the
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mean and nasty trajectory. We were given security clearance to continue
experimenting and in order to influence the total atmospheric structure
more positively, we painted the runway black south of the U.S5.-Canada
border. 1In this new terra firma enviromment, the lack of ground clutter
(as indicated in near-surface measurement) positively correlated with
the forward motion velocity of our little red car. This conclusion is
illustrated by the figure below which articulates the lapse rate of the
multiple quasi tropiquars.

(mph!

VELOCITY

j S T W I I 1 4 | S
— T = 4 — T T

GROUND CLUTTER (c.c.)

It might be expected that Ellsaesser would pooh-pooh the idea as it
is contrary to his time series resolution of the sub-cloud area on the
leeward side of the trade winds. However, our theory supports Gilley,
Rogers, Jacobs and Shapley in their various explorations of the climato-
logical effects of pronounced diurnal fluctuations. The black runway did
not prove to be the total solution as we encountered an organized atmos-
pheric disturbance which left mean splatters on the windshield.

CONCLUSION:The experiment was concluded to our satisfaction upon arrival
at pre-determined terminal point. Progress was made at the rate of 346
Langley's per day in spite of the resistance. The formula used in our
digital analog computer for determining Resistance: GC = Ground Clutter,
VWP = Vertical Wind Pressure, SCV = Sub-Cloud Velocity, PN = Precipita-
tion Network, R = Resistance.

VWP + Jscvl
VPN

The thermal tests indicated that we had lost our jazzy carbon strip
hydristors due to momentum exchange. The deployment of the Miser scale

R = ZQGCg X

(S
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indicated that the quasi-steady state field trades were uniform in
relief. Therefore it can be said with reasonable accuracy that it rains
at night at least one-half the time on the Barbados.

The authors will gladly entertain written comments on questions pertain-
ing to the validity of the document. Letters must be postmarked on or
before midnight 10 March, 1969. All queries must be accompanied by a
self-addressed, stamped envelope.
Respectfully submitted,
Martha and Mandy

In an effort to preserve the relative non-technicality of this report,
we respectfully include a selected glossary to terms used herein:

Total system = thing digital display = wave bye-bye
mean = evil anomaly = goof

representation = look cross-gradient divergence = skid
interrogate = ask untether = cut the string

show pooh-pooh = foreswear, denigrate,
heap derision upon

articulate

trajectory = way
Organized atmospheric disturbance = snow flakes

References:
Project BOMEX

c/c

ICAO, att. Schwarz Frank Blair, c/o NBC

U.S. Weather Service Gordon Barmnes

Library of Congress Ripley's Believe It or Not.
FSU, attn. Garstang Playboy

McGill University True Confessions

Glastonbury Public Schools Readers Digest (Unforgettable
American Meteorological Society Incident Dept.)

Movie rights have been sold to Darryl F. Zanuck under the title "Sex and
the Naked Ape',starring Desmond Morris and Raquel Welch, to be premiered
the week of 22 April at the Cafe Martin, Montreal, P.Q., Canada.
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EXPERIMENT IN POLLUTION TRANSPORT
DURING PEEL COUNTY CLEANER AIR WEEK CAMPAIGN

M.S. HIRT! AND s.E. DINNINGL:2

INTRODUCTION

The transport and dispersion of air pollutants from a point source
such as a smoke stack can be approximated by the motion of a large num-
ber of balloons released simultaneously from a selected site. during
their Cleaner Air Week Campaign, Peel County, Ontario, released 200
balloons a day during the period of October 23 to October 27, 1967,
inclusive.

The balloons used in this experiment were No. 16 paddle balloons,
inflated with 507 helium and 507 nitrogen. Attached to each balloon was
a postcard with return address so that the finder could inform the Peel
County Air Pollution Control of the date and location at which it was
found. When released, the balloons appeared to level off at a height of
about six hundred feet.

From the one thousand balloons released during the week of the cam-

paign, fifty cards were returned. These cards were sorted as to date
and time of release.
Surface and 850 mb charts from the Central Analysis Office in Montreal
were used to relate the large-scale weather patterns to the motions of
the balloons. Vertical temperature profiles were obtained from radio-
sonde flights at Buffalo, New York, on October 23, 24, 26, and 27. Data
from the meteorological instruments on the 200-ft. towers at Sarnia,
Hamilton, and Ottawa were also consulted.

RESULTS

The locations where the balloons were recovered from each of the
releases were plotted on a single map (Fig. 1). It 1is interesting to
note that under large-scale weather changes for the above five-day
period, the balloons were fairly well-dispersed over the entire eastern

1. Meteorological Service of Canada

2. Visiting University of Waterloo Co-op Student
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part of Ontario, western Quebec, and northeastern United States. The
synoptic influences occurring during the above 5-day period were rélated

to the balloon trajectories.

There were 18 cards returned for October 23;the release took place
in Brampton. As can be seen in Fig. 1, the balloons were found along a
line from Stouffville, just northeast of Toronto, to Farelton, just
north of Ottawa, in Quebec.

On the next day two releases H were made. The noon release from
Clarkson, and the 1600 EST release from Port Credit. The six balloons
recovered from the 1200 EST release all landed relatively near the
launch site, the farthest landing at Uxbridge, approximately 50 miles
away. The five balloons from the 1600 EST release, however, were scat-
tered fairly closely along a line running northeast from the launch site
for about 140 miles.

On October 25,two releases were made, one at 1400 EST from Streets-
ville and the other at 1845 EST from the intersection of Mississauga
Road and the Queen Elizabeth Way. There were, respectively, three and
eight returns. The three returns from the 1400 EST release were found
about 150 miles from the release site and widely separated 1laterally.
The results from the latter release, however, seem to follow a curve ex-—
tending northeast to north from the release site (Fig. 1).

On October 26 there were only three returns. The balloons travel-
led almost due east across Lake Ontario. All three were recovered in the
United States, the farthest approximately 330 miles, near Hancock,
Vermont., On the next day there were seven returns from a late afternoon
release. The farthest return was from the Lake Nipissing area, approxi-
mately 150 miles north of the release site.

COMMENTS

With each of the above releases, the directions of the surface and
upper winds were very nearly the same. The balloons were all carried
along in the general direction of these winds.

Inversion conditions were most prominent on the morning of October
23, although it is possible that the inversion had broken down due to
daytime heating by the time of the release. Under these conditions, the
balloons travelled with very little lateral dispersion. On the following
day the inversion broke down more completely. The inversion re-appeared
on the 26, but following the passage of an occlusion on the 27, lapse
conditions existed.

The balloons released on October 24 were either brought quickly to
the ground (1200 EST release) or widely scattered (1600 EST release); on
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Figure 1: Composite map showing the release site of the balloons
and the locations where the balloons were found.



























INSTRUCTIONS TO AUTHORS

1. Manuscripts shall be submitted in duplicate, typed doubled-spaced on
83 x 11" bond, with the pages numbered consecutively.

2, Two copies of figures shall be submitted with the manuscript. The
originals should be retained by the author until it is established
whether or not revisions will be required. A list of the legends for
figures shall be typed together on a separate sheet.

3. Authors shall keep in mind when labelling that figures will require
reduction to 5" x 8" (full page) or smaller. Photographs shall be
glossy prints with good contrast. Other diagrams shall be drawn with
pen and ink and be in final form for photographing.

4, Literature citations in the text shall be by author and date. The
list of references should be primarily alphabetical by author, and

secondly chronological for each author.

5. Units should be abbreviated only if they are accompanied by numerals.
For example, 10 km, but several kilometers.

6. Tables shall be prepared on separate pages each with an explanatory
title. Only essential wvertical and horizontal ruling will be
included.

7. Metric Units are preferred.

8. Footnotes to the text should be avoided.

Schedule Of Chargﬁs For Reprints

The first 500 pages Cost 4 cents per page - $20.00
The next 500 pages Cost 3 cents per page - $15.00
The next 500 pages Cost 2 cents per page - $10.00
All additional pages Cost 1 cent each
Cover Pages Cost 3 cents each

(orders must be in units of fifty)

Example: A seven-page article for which 250 additional reprints are re-
quired - total 1750 pages -

Cost: (First 500 pages) - $20.00
(Next 500 pages) - $15.00
(Next 500 pages) - $10.00
(Additional) - $ 2.50
(Cover Pages) - 750

TOTAL: - $55.00
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THE CANADIAN METEOROLOGICAL SOCIETY !
La Société Météorologique du Canada

The Canadian Meteorological Society came into being on January 1, 1967,

replacing the Canadian Branch of the Royal Meteorological Society, which

had been established in 1940. The Society exists for the advancement of

Meteorology and membership is open to persons and organizations having

an interest in Meteorology. There are local centres of the Society in

several of the larger cities of Canada where papers are read and discus-

sions held on subjects of meteorological interest. Atmosphere is the

official publication of the Society. Since its founding, the Society

has continued the custom begun by the Canadian Branch of the RMS of hold-
ing an annual congress each spring, which serves as a National Meteoro-
logical Congress.

For further information regarding membership,please write to the Corres-
ponding Secretary, Canadian Meteorological Society, P. 0. Box 851,
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There are three types of membership - Member, Corporate Member and
Student Member. For 1969, the dues are $7.50, $25.00 and $1.00, respec-
tively. Atmosphere is distributed free to all types of member. Appli-
cations for membership should be accompanied by a cheque made payable to
The Canadian Meteorological Society, with exchange added for non-Toronto
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