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INTRODUCT ION

Outflow winds are a common winter occurrence along the B.C.
coast, however, the fine structure of these winds has not, to the
knowledge of the author, been investigated. An opportunity to do
this arose from a weather research flight February 13, 1980. This
note is a short discussion of the observations made on that flight
and mini-sonde soundings that same day.

The research flight was conducted as a part of a study initiated
by Pacific Marine Environmental Laboratory (PMEL) of Seattle to
investigate dow-lievel air flow in Juan de Fuca Strait and Puget Sound.
For the period of the study, February 10 to March 10, the routine
observational program was supplemented with extra upper air soundings,
buoy surface measurements and lidar wind measurements. On '"special"
occasions, in order to study air flows under specific synoptic condi-
tionds, more intensive observations by means of a NOAA research air-
craft were recorded. AES Pacific Region co-operated in the project;
the Victoria Weather Office took daily mini-sonde soundings and on
the the days of intensive observation, SSD staff took 2-3 soundings
in which the balloon was tracked by the double theodolite method.

. One day of special observations was February 13, 1980. On that
date, an outflow wind from the Fraser Valley developed and spread
across the southern Strait of Georgia.

2. DATA

The INS-equipped WP-3 ailrcraft measures winds, temperatures,
humidity, longitude and radar altitude. Observations, made at 10-
second intervals, are recorded on magnetic tape for later processing.

On February 13, the aircraft route included.a leg extending north-
ward over water to just south of Texada Island. For the most part,
the flight was at 40-55 m altitude at a ground speed of approximately
110 kt.
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Selected data from this flight are plotted on Figure 1 using the
standard upper air plotting model. Observation times are indicated
in GMT; flight levels in metres are shown in parentheses. All wind
speeds are in knots. Surface winds from a number of observing stations
are alos plotted. Times of the latter are 2200 - 2400 GMT.

Two special mini-sonde ascents were taken on the afternoon of
February 13. A computer-plotted graph of winds and temperatures for
the second flight (release time 0015 GMT) at a time when the outflow
was well developed is reporduced as Figure 2.

3. SYNOPTIC SITUATION

The synoptic situation of February 13, 1980 was typical for winter
outflow conditions. An Arctic high (104.2 kpA) was centred south of
Lake Athabaska giving a southeasterly gradient over much of B.C.
Afternoon temperatures in the Interior ranged from 0°C in the Okanagan
to -14°C at Fort St. John. The air mass was dry and skies generally
clear except for middle cloud over the southern Interior.

A weak outflow wind of 5-10 kt at Abbotsford increased in strenth
by late morning (1900 GMT) to northeast 15-25 kt gusts as high'as 34
kt. At Victoria Airport, the day began with low cloud and fog and a
light westerly wind. The outflow wind set in about noon (2000-GMT)
as 1s evident from Table 1. Thereafter it increased in strength to
about 15-20 kt.

4. DISCUSSION

The contrast between the northeasterly outflow winds in the ext-
reme southern part of the Strait and the westerly or northwesterly
winds further north is evident from Figure 1. The low-level (50m)
winds measured by the aircraft reached a peak speed of 17.5 m sec
(34 kt); at a higher level (629m) one speed of 20.2 m sec -1 (39 kt)
was recorded.

Perhaps most striking, certainly most interesting, 1s the narrow
width of the transition zone from the outflow winds to the weaker
northwesterlies. On the norther bound crossing of the zone, the wind
backed from 077 degrees at 18 kt to 314 at 4 kt within 20 seconds of
flight time, i.e. over a distance of about 1 km. On the southbound
crossing, further west, the change was less dramatic and the aircraft
did not encounter the strong northeasterly until abeam of Mayne Island.

Another aspect to be noted is the contrast in temperature and
humidity between the air masses on either side of the transition zone.
South of the zone the air is about 2-3°C warmer, the dew points some
8-10°C lower than north of the zone. This points out the difference in
origins of the two air masses. The drier air of the south obviously
has recently arrived from the land. The northern air, although prob-
ably of Arctic origin, likely has had a longer over-water trajectory.
The reason for the lower temperatures to the north is not obvious;
likely
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this is because the air there traversed a cold land surface over north-
ern B.C. before reaching the water.

Figure 2 depicts the vertical structure of the boundary layer in
the outflow stream at the time it was fully developed. On this chart
a free-hand smooth curve of wind speeds has been superimposed on the
originally computer-produced curve. As well, a line representing the
day adiabatic lapse rate has been drawn on the temperature curve.

The strongest outflow winds of about 13 m sec -1 (25 kt) are below
1000 m. Above that the speeds decline steadily. These are somewhat
less than the 39 kt measured at 600 m by the aircraft. This would
suggest that the outflow wind has spread over a wider area crossing
the Strait and some of the jet-like structure is lost at Victoria.

The strong winds have mixed the boundary layer thoroughly and a
dry adiabatic lapse rate up to 800 m has resulted.

(The temperatures recorded by the aircraft appear to be 3-40
higher than the minisonde temperatures at the same levels. There 1is
no physical reason to expect this and one suspects measurement error.
Since afternoon temperatures at Bellingham and Abbotsford reached 5-
60C and an adiabatic lapse rate would be expected, one would antici-
patetemperatures as recorded by the mini-sonde. It is concluded that
in the absolute sense the aircraft temperatures are in error, however,
the aircraft temperatures should still be useful for areal comparisons
along the flight path.)

5. SUMMARY

In this case study of an outflow wind, a narrow zone separated
the warmer, drier and stronger northeasterlies of the southern Strait
of Georgia from the cooler, more moist northwesterlies of the more
northern part of the Strait. Soundings indicated the strongest winds
of upto 40 kt (as was evident from the aircraft measurements) occurred
below 1000m. A dry adiabatic lapse rate extended from the surface to
about 800m.

The aircraft measurements of turbulence do not indicate any signi-
ficant variation from the outflow wind to the northwesterly. Never-
theless, one might anticipate turbulence in the outflow below about
2000 m because of (a) the steep lapse rate below 1000 m and (b) strong
shear above that. One might also anticipate turbulence in the trans-
ition zone, an area of marked lateral shear.

It should be noted that the outflow circulation discussed was a
dynamic system, one that obviously evolved with time. It would be
interesting to investigate the evolution of this system but such a
study would require considerably more time.
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PACTFIC WEATHER CENTRE Table |
ARCHIVE WEATHER FDR CLIMATE DAY FEBRUARY 13, 1980
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