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ABSTRACT
During the period 27 to 29 December 1958, the Detroit-Windsor area experienced a prolonged inversion. Winds were light, visibility was poor, and air pollution levels were high.
The circumstances surrounding the event are described on both the synoptic and the meso scales.
The broad features, a stationary ridge of high pressure and a light southeast gradient of
stable air, fit the classical inversion picture. However, there are interesting small-scale details.
In particular, a cooling at 300 ft on the morning of December 29th is described and is shown
to be consistent with other available data including observations from a 100-ft tower at
Lagoona Beach, Michigan.

1. Introduction
This paper is a short factual account of a lengthy
inversion at Detroit-Windsor. The data were obtained as part of the International Joint Commission study of air pollution in the Detroit-Windsor
area. Details of instrumentation, sampling sites,
and local climatology have been given elsewhere by
Munn (1959) and by Munn and Katz (1959).
Since July 1955, temperatures have been measured continuously at four levels, 20', 300', 600' and
870', on the television tower at W J B K , Detroit.
Although radiation inversions form frequently at
night, it is most unusual for the inversion to persist through the following day. The record for
the period 27 to 29 December 1958 is therefore of
interest.

Detroit. The relatively low angle of the sun at
that time of year undoubtedly contributed to the
persistence of the inversion.
Lapse-rate observations are also available from
a 100-ft tower at Lagoona Beach, near Monroe,
Michigan. The site is on the west shore of Lake
Erie about 30 mi southsouthwest of Detroit. In
the layer from 5 to 100 ft, an inversion commenced

2. The meteorological record
Fig. 1 displays the vertical temperature profiles for the 3-day period. The readings from the
600-ft level have been omitted because of their
similarity to and overlapping with the 870-ft values. It is seen that an inversion was present from
late afternoon of December 27th until the afternoon of December 29th. Sunrise is near 0800
E S T while sunset is near 1700 in December at
1 Published by permission of the Director, Meteorological Branch, Department of Transport, Canada.

FIG. 1.

Temperature profiles as observed on W J B K
television tower, 27 to 29 December 1958.
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at 1400 on December 27th and continued (with an
exception on the morning of December 29th to be
described later) until 2000 on December 29th.
The synoptic situation was characterized by a
quasi-stationary ridge of high pressure extending
from New Brunswick southwest through Kentucky. A slowly moving cold front over the Upper Great Lakes finally moved south of Detroit at
about 1700 on December 29th. Until that time,
the area was under the influence of a very weak
southeast gradient of stable air. Fig. 2 is a copy
of the surface synoptic chart for 0100 E S T on December 29th. Kleinsasser and Wanta (1956) and
Machta, Scott, and Korshover (1958) suggest that
high air-pollution potentials in the Eastern United
States are associated with westward extensions
of the Bermuda subtropical anticyclone or with
Canadian high pressure areas that become stationary along the United States Atlantic seaboard.
Fig. 2 does not conform exactly with either pattern, but it does feature a prolonged period of
light winds at Detroit.
Visibility was restricted by smoke and fog for
much of the 49 hr. Fig. 3 shows the variations at
Detroit City Airport and at Willow Run. There
was precipitation on the morning of December
27th; however, during the period of record of fig.
3, a total of only a trace was reported at both airports. It is noted that on the morning of Decem-
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FIG. 3. Visibility variations at Detroit City Airport and
Willow Run Airport 27 to 29 December 1958.

ber 28th the temperature at the 20-ft level (fig. 1)
began to climb before sunrise. This is probably
due to the formation of fog (fig. 3) and release of
latent heat of condensation.
An unusual feature of fig. 1 is the sharp dip in
the 300-ft temperature on the morning of December 29th. It is consistent with pollution data
to be described in section 3. In addition, other
meteorological observations show rather remarkable behaviour at the same time. For example,
from 0800 to 1200 on December 29th, the Lagoona Beach lapse rate was positive and at times
superadiabatic.
Table 1 displays wind data for the area on December 29th. The 25- and 50-ft Lagoon Beach
winds during the 4 hr of positive lapse rate were
northwesterly from the land. About noon, the
wind shifted to southeast off the lake and the inversion returned.
A similar wind pattern can be detected at Willow Run and Detroit City Airport. During the
hours of the drop in the 300-ft temperature at the
W J B K Tower, there was a period of northwesterly
winds in contrast to the prevailing southeast gradient. The Tower is 10 mi from Lake Erie and
thus an explanation involving lake circulations is
unlikely. The Windsor Airport winds were too
light to reveal anything of importance except the
cold frontal passage near 1800.
3. Pollution records

FIG. 2.

Surface synoptic chart for 0100 E S T 29
December 1958.

Fig. 4 displays the concentrations of sulphur dioxide and of suspended particulates observed at
the Peter and Chappell sampling station in Windsor. This site has been found to be representative
of the Detroit-Windsor area except when strong
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TABLE 1.

Hour EST

0400
0500
0600
0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700
1800

Detroit City Airport

E 2
calm
N 2
N 2
SE 2
N 2
NNW 3
E 2
SE 1
NE 3
E 2
ESE 3
SE 2
N 10
N 7

Winds in the Detroit-Windsor area December 29th, 1958.

Willow Run Airport

Windsor Airport

25 f t

E 4
calm
calm
ESE 4
NNW 4
NW 4
calm
E 4
ESE 4
calm
SE 5
calm
NW 6
N N W 13
N 10

ENE 2
NE 2
calm
calm
calm
calm
calm
calm
SSE 3
calm
calm
calm
calm
calm
N N E 11

N 1
N 1
NNW 2
NNW 2
N 1
NNE 1
NW 3
NW 2
NNW 2
SE 1
SE 1
SE 1
calm
calm
NW 4

southwest winds are blowing (Munn and Katz,
1959). On these occasions, a looping plume from
a nearby elevated point source blows down across
the station. However, this situation did not exist
during the present period of study.
It is seen that sulphur-dioxide concentrations
remained at relatively low levels until the morning
of December 29th. The last day of record reveals
a pattern similar to that of the 300-ft temperature
in fig. 1. There is a rise to 0.09 ppm at 0700, a
dip to 0.03 ppm at 0900, and a sharp rise to 0.22
ppm at 1500. Concentrations decrease rapidly
with the cold frontal passage at 1600.
Fig. 5 displays a short strip of S 0 2 record.
Compare it with a looping-plume situation at the
same sampling station in fig. 6. The steadiness of
the first trace suggests that, despite a "time constant'' of several minutes for the Thomas autometer, the ratio of peak-to-man concentrations
cannot be far from unity. The second trace, taken
during a looping plume-strong wind situation,

FIG. 4. Concentrations of S 0 2 and suspended particulate matter at Peter and Chappell sampling station Windsor, Ontario, 27 to 29 December 1958.

L a g o o n a Beach
50 f t

NNW 2
N 2
NNW 4
NNW 3
N 2
NE 2
NW 4
NW 3
NW 3
SE 1
calm
calm
calm
calm
NW 8

100 f t

Msg
Msg
Msg
Msg
Msg
Msg
Msg
Msg
Msg
SSE
NW
NNW
NNE
N
NNW

3
1
1
1
1
1
1
1
2
1
2
2
2
3
10

shows peak-to-mean ratios rather more consistent
with Gifford's data (1958). It is inferred that
during light winds a concentration of 0.22 ppm is
near the upper limit that could be expected to occur at the Peter and Chappell site with the present
level of industrial activity. The above inference

FIG. 5. S 0 2 Thomas autometer record at Peter and
Chappell sampling station, Windsor, Ontario, 29, December 1958, during light winds.

FIG. 6. S 0 2 Thomas autometer record at Peter and
Chappell sampling station, Windsor, Ontario, during a
looping-plume situation with strong winds in January
1959.
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has been supported by an examination of 4 yr of
SO 2 records.
The suspended particulate curve in fig. 4 shows
an unsteady rise in concentrations throughout the
period. It should by now be no surprise to observe the sharp drop to 2.4 COH/IOOO' at 0900
on December 29th followed by a final rise to 5.8
in the afternoon. This value is very high and is
probably close to an upper limit for the Peter
and Chappell site with the present level of industrial activity.
4. Discussion
On the morning of December 29th, there was
an unusual change in the vertical temperature
profile at the W J B K and the Lagoon Beach T o w ers. This change is reflected in both the S 0 2 and
suspended particulate records. The weight of evidence suggests that the events are connected in
some way and are not due to measurement errors.
Given the meterological history, the pollution
observations can be explained.
During light
winds and inversions, gaseous and particulate
pollution accumulate over the city. With an increase in lapse rate, mechanical turbulence (caused
by automobile traffic) and thermal turbulence
(caused by point sources of industrial and domestic heating) are able to stir the air to higher
levels, diluting the ground-level pollution. H o w ever, the great stability of the air in the 300- to
870-ft layer prevents any real escape of the contaminants; the subsequent decrease in lapse rate
in the late morning causes an increase in groundlevel pollution concentrations. It is only with the
frontal passage in the afternoon that the air
finally clears.
Examination of fig. 1 shows that the frontal
passage occurred between 1500 and 1600 on December 29th. This is the time (fig. 4 ) of the
highest S 0 2 concentration, 0.22 ppm, and is explained by the Hewson fumigation effect. The
suspended particulate peak may seem to occur
slightly earlier; however, this is probably due
to the difference in sampling times for the two
elements (2 hr as compared to 30 min).
An explanation for the meteorological events of
the morning of December 29th is not easy to find.
Synoptic-scale developments do not provide an
answer. It is difficult to visualize any kind of
prefrontal squall line or upper front causing a temperature drop of 11F at 300 ft but none at 20 or
600 ft.
A land-lake circulation is unlikely because of
the distances involved. Nevertheless, there was a
period in the morning of light northwesterly winds
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in contrast to the prevailing southeasterly circulation. This suggests the possibility of orographic
cold air drainage into the Detroit River basin.
The land slopes gently northward from the Detroit River; it is conceivable that a pool of cold
air from the interior of Michigan "spilled down"
into the river basin. However, there is not much
evidence to support the hypothesis.
5. Relation to town planning
In a previous paper, Munn (1959) used W J B K
lapse rate data to develop a crude index for airpollution town planning. There was no experience with prolonged inversions, and hence that
situation could not be considered. The present
single case study cannot be used to build a climatology of extremes. However, certain inferences may be made.
During an extended inversion period, pollution
accumulates over the city. Although winds generally remain light, there is a detectable gradient
(in the present case from the southeast), and it
might be thought that there would be an advantage
in being upwind from the industrial centre of the
city. However, table 1 demonstrates that weak
but nevertheless important local circulations may
develop to upset the gradient-wind roses. During prolonged inversions, a study of many cases
would be required before it could safely be assumed that one site in the city has a clear directional advantage over another site. This is in
agreement with Veryard (1958) who doubts
whether the London smog of December 1952
would have been less severe if the drift of air had
been from another direction.
6. Conclusion
A 49-hr inversion in the Detroit-Windsor area
has been described and analyzed. At the synoptic
level, there were light southeast gradient winds
and considerable fog associated with a ridge of
high pressure. A contributing factor was the time
of year, December, when incoming solar insolation
is at a minimum. The inversion finally ended with
the passage of a cold front from the northwest.
Air-pollution levels gradually climbed during
the two-day period, reaching a peak at the frontal
passage. It is believed that the observed concentrations at the Peter and Chappell sampling station were near the upper limit to be expected with
light winds and with the present level of industrial
activity (0.22 ppm S 0 2 and 5.8 COH/IOOO').
The events of the morning of December 29th
provide an interesting study in mesometeorology.
At the W J B K television tower, there was a tem-

Unauthenticated | Downloaded 01/09/23 06:39 AM UTC

VOL.

41,

No.

5,

MAY,

1960

249

perature d r o p of 1 1 F at 3 0 0 ft with n o c h a n g e at
2 0 o r 6 0 0 ft. A t the L a g o o n a B e a c h m e t e o r o l o g i cal t o w e r , the lapse rate actually b e c a m e superadiabatic f o r a short time, reverting to inversion c o n ditions about n o o n . W i n d s w e r e light n o r t h w e s t
in contrast to the prevailing southeasterly gradient.
T h e effect w a s also reflected in a brief but n o t i c e able reduction in pollution levels. It is believed
that the events are c o n n e c t e d in s o m e w a y , alt h o u g h n o v e r y satisfactory hypothesis is o f f e r e d .
T h e c o n c l u s i o n is reached that, f o r t o w n planning f o r severe s m o g , g r a d i e n t - w i n d directions
f r o m synoptic m a p s cannot be used with assurance.
E v e n o v e r level terrain such as there is at D e t r o i t ,
mesoscale effects can assume great i m p o r t a n c e in
determining the drift of pollution across the city.

(Continued from A B O U T O U R M E M B E R S , page 244)
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