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Introduction 

In the last decade air pollution in the Denver 
area has risen to a sufficient degree to attract 
civic attention and to raise the question of possible 
remedial measures. In what portion or portions of 
town should new industries be encouraged to devel
op? What can be done to restore the unrestricted 
mountain view for tourists? Where should resi
dential areas be developed for optimum scenic 
view? 

If the problem is to be solved, it must at 
first be studied adequately. With this thought in 
mind, an agreement was made between the Helen 
Dean Yetter Foundation of Denver and Colorado 
State University to conduct preliminary measure
ments of meteorological conditions attending Den
ver pollution during the 1961-62 pollution season. 
The main objective of the measurements was estab
lishment of an effective approach for a large-scale 
measuring program. It was not expected that the 
limited program carried out could solve all of the 
meteorological problems. The results of the in
vestigation, described in the following, must be 
viewed in this context, and they may be considered 
as a continuation and expansion of previous work on 
Denver pollution undertaken by the City of Denver 
and by the State of Colorado. 

General Aspects of Air Pollution 

Incidence and intensity of air pollution over 
a city complex with pollution sources quite gener
ally depends on (1) wind speed, (2) the tempera
ture distribution with height above the surface and 
(3) local factors, especially location and intensity 
of pollution sources and topographic features. 

The metropolitan area of Denver (fig. 1) es
sentially is contained within a seven-mile radius 
from the State Capitol. With winds of 15 m.p.h. 
air will cross the city from one end to the other in 
an hour. With winds of 3 m.p.h. and constantwind 
direction the traverse requires five hours. In this 
case the travelling air will accumulate five times 
as much material from the emission of the various 
pollution sources as it will accumulate during the 
fast traverse. It follows that chances for pollution 
are greater when, in the general weather picture, 
winds are very light. Such light winds preferen
tially occur in Colorado a day or two after an out
break of cold air from the north. Quite often a 
period of several days I duration occurs between 
such an outbreak and the arrival of the next general 
weather disturbance from west or north. In this 
interval, when atmospheric pressure is high, light 
winds are most prevalent. 

The temperature distribution with height in
fluences pollution intensity because, with strong 
upward decrease of temperature, air can move up 
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and down freely over considerable distances. In 
this event material emitted from pollution sources 
near the ground is rapidly mixed upward through a 
deep layer of air and no marked concentration oc
curs near the ground. In contrast, when the air 
temperature increases upward, vertical movement 
of air is inhibited and pollutants remain near the 
ground, as may be seen readily from horizontal 
drift from smoke stacks under such conditions. In 

the warm season, with much ground heating, tem
perature normally decreases strongly with height 
in Colorado while in winter, especially with snow 
cover, upward temperature increases are frequent. 
The cold part of the year is the main pollution sea
son. Further, with ground cooling during night and 
warming in daytime, the temperature distribution 
with height has a normal daily course: upward de
crease is most common in late morning and after
noon; upward increase during night and early morn
ing. For example, witness the balloon sounding 
observation made by the United States Weather 
Bureau at Stapleton Field on 12 January 1962, drawn 
on adiagram of temperature versus height in fig. 2. 
At 5 a. m. the surface temperature was 50 F., while 
at 1100 feet 36 oF. was recorded. By noon surface 
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temperature had risen to the low forties. Above 
the city, using the 5 p.m. Weather Bureau obser
vation, temperatures also were in the forties. 
Thus, the large upward increase of about 300F. in 
1000 feet was wiped out and there may have been a 
period ot free mixing along the dashed line of 
fig. 2. 
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Fig. 2. Graph oftemperature against height. Sol
id line, as observed at Stapleton Airfield 
by Weather Bureau at 5 a. m.; dashed 
lines are suggested temperature -height 
distributions during morning and noon 
hours. The polluted layer would extend 
to the top of the dashed lines, i. e. 700 
,and 1000 feet above ground. 

Combining wind and temperature factors, a 
pollution episode will be most severe when a light 
wind regime persists for an exceptionally long 
time in conjunction with very cold air near the 
ground. These two factors influence pollution oc
currence in any industrial area of the globe. To 
them now must be added local features. Denver 
is an isolated metropolitan area,. All pollution oc
curringthere must be ascribed to sources within or 
near the city. This differs from, say, the position 
of many Atlantic Seaboard cities which not only 
generate pullution but may also receive accumu
lated material from other industrial areas located 
upstream. The topographic features around Denver 
strongly determine the local wind regime which is 
most developed when the general weather situation 
is calm. Outstanding, of course, is the rise of the 
Rockies west of the city (fig. 1). Moreover, Den
ver is situated in the depression of the South Platte 
River, with land elevation generally decreasingto
ward northeast. This topographic pattern gives 
rise to the following daily wind regime, the rea
sons for which are not fully understood though hy-
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potheses are abundant. During night and morning, 
air drains down the Platte toward the northeast; 
but this movement apparently stops just beyond the 
northeastern suburbs. During afternoon, the flow 
reverses sharply and much of the air that has tra
versed the city earlier going north, re-crosses the 
city moving southward. This pendulum-type os
cillation .will persist as long as the local light ve-
10city wind regime remains dominant. Such alter
nation of wind direction during the day strongly 
influences Denver pollution and renders it unique. 

Methods of Pollution Study 

While techniques vary widely dependent on the 
particular objective of an investigation, we may in 
the main distinguish two primary approaches for 
pollution studies. One of these is concerned with 
the emission from strong individual sources and 
the question asked is this: what is the downstream 
rate of dilution of particulate matter or gases, pos
sibly poisonous, from the emitting stack? Under 
what conditions is the dilution rate likely to be a 
minimum, therefore most hazardous to human 
health? This type of study is concerned mainly 
with small wmd eddies, perhaps of the size of a 
city block or even less. One refers to the opera
tion of this type of wind eddy on a smoke plume as 
"diffusion". The subject of diffusion has been and 
is being pursued widely and vigorously.. It is im
probable that such a study conducted in Denver will 
add materially to the knowledge gained by very 
substantial efforts elsewhere. 

In the second approach, the pollution of a 
metropolitan area is investigated in bulk. Here 
the question becomes: what is the general history 
of pollution periods over the city? What are the 
atmospheric controls and what are the main in
gredients making up the polluted air mass? To 
what extent does this mass remain unified and to 
what extent is it diffused by small-scale motions? 
This second question, curiously enough, has re
ceived far less attention than the first. Yet the 
solution is of paramount importance for assessing 
the effect of the bulk pollution on city welfare and 
commerce. This investigation was devised with 
the objective of gathering preliminary data toward 
the solution of the second set of questions. 

Plan of Observational Program 

Observations were made during five pollution 
episodes at five special proj ect stations (fig. 1). 
Taken in conjunction with six additional stations 
maintained by cooperating agencies the station den
sity' while far from satisfactory, approached that 
of the most complete city-wide air pollution pro
jects carried out in the United States. The mete-



orological data consisted of wind direction, wind 
speed and temperature. These observations were 
supplemented by ground and aerial photography, by 
visual observations and by measurements of sun
light intensity. 

In conjunction with the meteorological pro
gram, the City of Denver conducted an air sampling 
program during the four pollution episodes in 1962. 
At three stations (see fig. 1) the total weight of 
particulate matter collected in high-volume sam
plers over 24 hours was determined. At these and 
at several other stations (fig. 1) the so-called 
"soiling index" was measured in addition. This 

index is determined by comparing light transmitted 
through paper tape exposed to the airflow for two
hour periods with light transmitted through clean 
tape. The index, a rather fuzzy measure, is given 
in arbitrary units which provide a measure of dark
colored airborrte particles. No gaseous sampling 
was carried out, nor was the composition of the 
collected particulate matter analyzed. It was re
cognized from the outset that these rather difficult 
and expensive analyses could not be fitted into the 
present initial program and that therefore the re
lative contribution of individual pollution sources 
to total pollution could not be determined. 

The appendices contain details of the obser
vational plan, information on station locations, 
type and exposure of instruments, and acknow
ledgements to all governmental and private groups 
who cooperated in the program. The following sec
tions summarize results of the study. 

General Weather Situation 

As already indicated, the pollution periods 
occurred during calm conditions, with barometric 
high pressure, subsequent to a cold outbreak. Snow 
was on the ground during several of the periods. 

Air Sampling 

High volume: All three stations were opera
tive on the following days: 12 January, 16 January, 
1 March and 6 March, all in 1962. Averaging, we 
obtain (in micrograms per cubic meter of air 
passed through the filter in 24 hours): 

Cherry Creek 60 
School Adm. Bldg. 170 
Adams City 290 

The first result then is that the mean pollution in
tensity increases by a factor of five from south to 
north across the city. Individual values ranged by 
a factor of two at all three stations. 
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Soiling index, average values: Due to in
strumental difficulties, the stations were not oper
ative on all days. Nevertheless, for maximum 
data at each site, the four days mentioned above 
were utilized and 15 January 1962 was also added, 
since it had a complete record. The dissimilarity 
of weather on the several dates used in forming the 
average at each station must be kept in mind. We 
obtain the following mean values from 12 two -hour 
readings per day at each station: 

Cherry Creek 
Denver University 
Denver Club 
Wheatridge 
Adams City 

0.46 
1. 04 
1. 00 
1. 25 
1. 39 

Qualitatively, the result compares well with that 
from the high-volume samplers. An exception is 
the Denver Club where a low value has been com
puted. This is the only station located several 
hundred feet above the ground and there is a sug
gestion that at night the pollution concentrates be
low the sampling site. This may account for the 
relatively low value. For comparison with the 
preceding table, the average value for Los Angeles 
(not just heavy pollution days) is about four. 

Soiling index, daily course: Analysis of the 
two-hour sequence of soiling index at the five sta
tions proved to be rather difficult. While some of 
the variations were in accord with those to be ex
pected on the basis of wind movement, it was not 
possible to fit all values into a simple pattern. On 
several occasions sudden large changes occurred 
in the middle of the night with light winds, sugges
tive of pronounced local differences in the polluted 
air mass. At the Denver Club, several extreme 
values, one above 10, were measured. These are 
ascribed to a smoke plume from a nearby hotel 
which drifted directly across the observation site, 
rendering the observations unrepresentative; they 
were omitted. 

In the face of these difficulties, a general 
pattern of daily variation was obtained (fig. 3). 
Pollution rises sharply during each morning with 
onset of daily business activity. Then, with warm
ing and increasing vertical motion of air, pollution 
density decreases - though, presumably, the to
tal amount of polluted matter in the whole atmos
phere above the city continues to increase. The 
displacement of the peak at the Denver Club to late 
morning again may be related to the high location 
of the station. With increasing vertical motion of 
the atmosphere polluted matter is transported up
ward to the observation site. 

With lowering temperatures in the afternoon, 
pollution next begins to increase again. At the 
Denver Club and Denver University the air move
ment from north to south also plays an important 
role in bringing about an afternoon increase. It is 
not understood why there is a secondary peak at 
all stations and why this peak is displaced to late 



e'fening at Wheatridge and Adams City. With very 
light winds during the night increasing or at least 
steady pollution levels would be expected. The ob
served nighttime decrease at all stations must be 
left for further investigation, though the possibility 
of a high rate of gravitational settling may at least 
be suggested. 

Photographic and Sun Photometer Observations 

Photographic monitoring of the course of 
pollution during daytime, especially from the air, 
proved very effective. On account of difficulties of 
reproduction the series of spectacular photographs 
obtained cannot be shown here. The success of the 
photography was due entirely to the fact that the 
polluted air mass maintained, by and large, a 
rather sharp edge, especially along the southern 
boundary. At times, the division between polluted 
and clear air was very pronounced. From a given 
observation point certain distant parts of the city 
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could be seen distinctly while others, nearby, were 
blacked out. Maintenance of the polluted mass as 
a body indicates that the daily course of pollution 
in bulk is not governed by small-scale lateral dif
fusion but by the air circulation on the scale of the 
whole city or larger. This is a main result of the 
investigation. It also demonstrates that the obser
vational approach chosen fits the problem studied. 

Fig. 4 shows the location of the southern 
edge of the polluted mass, from photographic and 
eye witness evidence, at one-hour intervals during 
several pollution episodes. The polluted mass 
progressed southward during the afternoon in all 
instances, though at variable rates. The principal 
advance took place along the Platte River, coupled 
with some lateral spreading toward west and south
east. Elevations above 5,500 feet remained re
latively protected. On at least one occasion the 
leading edge had the form of severalfingers. Much 
additional data will be required to determine 
whether the fingers should be interpreted as due 
to random motion along the leading edge or other
wise. 

The sequences of fig. 4 at first appear to be 
at variance with the daily course of the soiling in
dex given in fig. 3. In particular, one might look 
for a sharp rise in this index at the Denver Club 
and Denver University when the polluted mass ar
rives at these stations. Actually, this happened 
only once, on 12 January, when there is also a 
suggestion of high pollution concentration at the 
front edge of the polluted body. We must note now, 
however, that the soiling index gives the concen
tration of dark particles at the sampling sites, 
mostly located near the surface, whereas the pho
tography essentially gives an index of total dark
particle inventory in the air above Denver. As 
already stated, it is probable that the total pol
luted matter in the atmosphere increases through
out the day, while the surface concentration 
diminishes with vertical mixing in the middle of 
the day. Given this hypothesis, the two records 
are readily reconciled. Verification would require 
sampling at various elevations of several tower 
sites. However, at least one instrument indicating 
pollution depth was used throughout the program, 
namely the Voltz sun photometer, which measures 
the intenSity of sunlight reaching the instrument. 
Compared to normal clear-air values of 35 to 40, 
on an arbitrary scale, in the middle of the day, the 
photometer gave readings of 20 and, on occasion 
even of less than 10, underthe polluted mass. This 
demonstrates that the optical thickness of pollutants 
was high, even though surface concentration may 
have been low. 

Wind Observations 

A main objective for taking wind observa
tions is the construction of actual paths of air 
movement across the city. Such movements or 
"trajectories", when combined with detailed samp-
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ling and parameters indicative of the vertical 
transport of pollutants, must be capable of ex
plaining the observed state of pollution at a given 
time and place. Computation of air trajectories 
therefore should be a primary task of a study 
wishing to explain bulk pollution. 

A major problem lies in the observed varia
tion of wind with height. It is impossible to insist 
that measurements at some particular height above 
ground may be taken as standard. Lacking a net
work of observation towers with wind instrumenta
tion at numerous altitudes, one compromises by 
choosing the top of well exposed buildings for 
measuring sites. Such buildings should not be too 
high lest the observations are made too far above 
the "living space" and the layer representative of 
transport of material. The DenvE:r Club undoubt
edly is not a very good site during night and morn
ing. Nor should the instruments be placed too 
close to the ground in order to avoid mere record
ing of immediate local conditions at an observation 
site. Clearly, the transport of material at some 
distance above the ground is relevant to people at 
street level, since the pollution will mix down in 
the small wind gusts present in the atmosphere. 
These gusts are enhanced by high frictional inter
ference with air motion produced by a city's 
buildings. 

The compromise plan was put into effect as 
best possible for the special project stations. Nev
ertheless, from Appendix I, complete uniformity 
and exposure of instrument location could not be 
achieved., When the location of the oooperating 
stations is also taken into account, it is evident 
that only a very rough approximation to air tra
jectories can be expected from this preliminary 
record. 

Another difficulty lies in the fact that not all 
stations were operative on all occasions. This ren
dered rather poor the chances for adequate repre
sentation of the air flow on any given day. Because 
of the relative similarity of the episodes, it was 
considered permissible to combine them to yield a 
mean wind field. This has the drawback that the 
sharpness of events at a given time is washed out. 
But the evolution over several hours is well indi
cated when four episodes are combined. The im
portant episode of 16 January 1962 was omitted 
because too many stations were not active on that 
day. 

The result, in two-hour time steps from 
4 a.m. to 6 p.m. is contained in fig. 5. Here, 
the one-hour air transport is shown assuming that 
the air moved with the direction and speed at the 
observation site for one hour. At the project sta
tions actual 30-minute averages of direction and 
speed, as given by continuous recorders, were 
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computed. At the cooperative stations, instanta
neous readings once per hour were made following 
normal practice. 

In spite of the many assumptions and com
promises required to arrive at fig. 5 the result is 
informative. During the night, winds were light 
and variable except for downslope drainage and 
channelling at Martin Company. During late night 
and early morning wmd movement from south was 
established at all stations. This movement in
creased everywhere as the morning progressed 
except in the northern suburbs where, as noted 
photographically, the polluted mass "piled up'! 

A remarkable change occurred around noon; 
its onset varied on individual days from late morn
ing to early afternoon. Winds reversed, at first at 
the northernmost stations, then progressively 
farther south. Therewith the polluted mass reap
peared over the city, rolling southward as depicted 
in fig. 4. Toward sunset the movement stopped 
and light and variable winds, predominantly from 
south, resumed. Thus the polluted mass, or at 
least a po'rtio'1. of it, oscillates back and forth over 
the city as long as the general light wind regime 
holds. 

Drainage of cold air down the Platte River 
may be advanced as a reason for the nighttime and 
morning wind movement, though this will not ex
plain the stoppage of the movement north of the 
city. The noontime reversal is even more com
plicated. Evidently the topography plays a major 
role. In summer upslope motion occurs regularly 
along mountain sides and, while theories differ, the 
primary effect of slope heating is generallyack
nowledged. In winter, especially with snow cover, 
this solution is not directly acceptable. Even if it 
were, however, this would not explain the initial 
sharp onset of northerly wind at the northern edge 
of the city, followE j by southward propagation 
along a line of rapid .vind change. 

On one occasion, 12 January 1962, the temp
erature field was correlated with the wind field in 
a most interesting way (fig. 6). As already dis
cussed, temperature rose from near OOF. to the 
low forties by noon. Then, as the wind shifted, 
temperatures suddenly dropped back well below 
the freezing point. We might conclude that heat
ingtookplace generally except in the polluted mass 
where the pollution itself shielded the earth's sur
face against solar radiation. Given this hypothesis, 
an explanation ofthe southward advance of the pol
luted mass is readily given, since cold air tends to 
underrun warm air once a suffi'ciently strongtemp
erature. contrast has been established. Large 
temperature differences were not observed in the 
other cases, but the wind jump was nearlyidenti
cal with that of 12 January. 
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Sample Trajectories 

Two sample trajectories were computed 
from fig. 5; these were chosen so as to pass 
through the eastern half of the city where obser
vations were most dense. The first trajectory, 
for' morning (fig. 7), leads northeastward across 
the whole city in five hours. The second, for af
ternoon (fig. 8), shows the wind reversal and the 
return current to the southern outskirts in six 
hours. This trajectory is a little slower than 
would be computed from the advance of the pol
luted mass in fig. 4. This may be due to averag
ing; then again the rate of advance of the polluted 
mass may be controlled by winds at a somewhat 
higher level than that sampled by most of our in
struments. The difference is not material for 
present purposes which are merely exploratory. 

The pollution level at a given site is due to lo
cal sources plus transport of material injected into 
the atmosphere elsewhere and moved to that site. 
Since night is the time with least vertical diffu
sion, the air on the morning trajectory may be 
picking up and storing material all along the way 
as it moves toward Adams City. If this is true, 
then the average northward increase of pollution 
revealed by the samplers is explained on this basis, 
and we cannot conclude that local sources in the 
north are entirely responsible for the relatively 
high pollution count there. During the southward 
advance of the material in the afternoon, at the 
time of maximum ground temperature, the mate
rial must disperse vertically much more rapidly 
than in the morning, and we might even observe a 
decrease in concentration following the polluted 
mass. Granted this argument, a gradient of pol
lution directed northward should exist in the mean 
and almost throughout the entire day, even if there 
was merely a constant and uniform pollution source 
over the whole city without localized major sources 
of emission. 
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In fig, 7, values of the soiling index, our 
only available measure of pollutiqn in short time 
steps, have been estimated along the trajectory. 
In view of the large distances between samplers 
and lack of source monitoring, such estimation 
is most risky. It must be emphasized that this 
has been done here merely in order to illustrate 
the ultimate computation toward which meteoro
logical observations and analyses are aimed. No 
actual meaning must be attached to the trajectory. 
If, however, the values of the index as given in 
fig. 7 were realistic, then it would follow that ac
cumulation of material indeed occurred along the 
entire air path and that this established the rela
tively high values of the index in the north. 

The afternoon trajectory is quite different in 
that a constant value is obtained until 3 p. m. when, 
with decreasing temperature and increasing ver
tical stability of the air, a slow increase of soiling 
index began. This constant value cannot be inter
preted to mean that there was no pollution source. 
It merely signifies that material was carried up
ward from the ground at such a rate that concen
tration following the moving surface mass did not 
increase. For an estimate of emission, it would 
be necessary to take a pollution inventory, i. e. the 
computation here performed must also be made at 
higher elevations to the upper boundary of the pol
luted mass several hundred feet above the ground. 

Conclusion 

This study has served to bring out the history 
of air pollution episodes in Denver. Such descrip
tion alone is of value for civic authorities. Further, 
as stressed repeatedly, the main objective of the 
study was to explore methods for a systematic ap
proach leading to definitive computations explain
ing Denver pollution. Such computations are 
necessary for formulation of sound remedial mea
sures. 
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ing index value to left. 
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Fig. 8. Afternoon trajectory of air across Denver. 
Same as fig. 7. 
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Appendix I 

Location and Instrumentation of Fixed Observation Sites 

The following temporary inutallations of wind 
and temperature recording units were made (cf. 
fig. 1): 

Tri-County Health Department Building, 4355 E. 
72nd Street, Adams City. 
Roof (12 ft.) unrestricted. Instruments on roof. 

Denver Club Building, 518 17th Street, Denver. 
Roof (240 ft.) almost unrestricted, wind only. 

Tower Building of Denver-U.S. National Center, 
1700 Broadway, Denver. 
Roof (300 ft.) (unrepresentative building effects 
with south winds), temperature only. 

Fire Department Building, W. 39th and Upham 
Streets, Wheatridge. 
Roof (30 ft.) unrestricted, wind on roof, ther
mometer shelter on ground. 

Henry Green Building, University of Denver, South 
Denver. 
Roof (25 ft.) slightly restricted, wind on roof, 
thermometer shelter on ground. 

Ohio Oil Company Research Center, south of 
Littleton. 
Roof (20 ft. ) unrestricted, instruments on roof. 
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The equipment, loaned by the Taft Sanitary 
Engineering Center, HEW, consisted of the follow
ing: 

5 Beckman and Whitley wind speed and direc
tion units (mast 10ft.). 
Esterline -Angus recording units. 

5 Thermographs with ventillation 
(shelter 5 feet high). 

screen 

Additional observations were obtained from 
the records maintained on both wind and tempera
ture at the Martin Company, southwest of Denver; 
Dow Chemical Company, Rocky Flats Atomic 
Energy Plant, northwest of Denver; Stapleton 
Field; Lowry Air Force Base; and Buckley Field. 

Brief records of wind direction and velocity 
were obtained from Rocky Mountain Arsenal and 
the U. S. Geological Survey at the Denver Federal 
Center. 

A large number of 35 mm photographs were 
taken by United Airlines meteorological personnel 
at Stapleton Field. Time~lapse photographs were 
made by a camera located at 655 Broadway Build
ing. Still pictures were obtained from Lookout 
Mountain at the KLZ Television Tower installation. 



Appendix II 

Data Collection Procedure 

The chief objective of the study was to obtain 
data during intense air pollution periods. The pro
cedure for such collection was: 

A. The Field Director chose the first day of 
each episode prior to 9:00 a. m. of that day, based 
on the local weather pattern and the vertical tem
perature profile (cf. fig. 2). 

B. Telephone calls were made to all points 
where supplemental information was contributed 
(cf. acknowiedgements). 

C. Request was made for aerial p\'lotographs, 
and a general two-hour time period was chosen 
during which the best pictures might be obtained. 

D. After the first episode a fixed volume 
balloon (a tetroon), s'etto float at some level below 
the main inversion, was released between 11 :00 
a.m. and 12:00 noon from the roof of the Denver 
Club Building and followed by automobile on the 
ground. 

E. Visual observations and readings with 
the Voltz meter, which measures intensity of sun
light reaching the ground, were made on a fixed 
path around a square with length of each side about 
five miles centered around downtown Denver. 
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F. Hourly photographs were taken by the 
United Air Lines meteorology staff from the roof 
of the Operations Base at Stapleton Field with the 
camera aimed in various directions - predomi
nantly toward southwest, west, and northwest. 

G. Hourly photographs were taken from 
Lookout Mountain with the camera aimed toward 
downtown Denver. 

H. Time-lapse photographs were made with 
a motion picture camera from the 655 Broadway 
Building with the camera aimed toward downtown 
Denver. 

I. The Field Director obtained photographs 
with a 35 mm camera, where interesting details 
came into view throughout the metropolitan area. 

J. When continuation of the air pollution 
episode for a second day was declared, the above 
procedure was repeated. 

K. Data from the wind and temperature re
cords from all available locations were subsequent
ly placed on hourly maps to portray the sequential 
changes in the air movement over the metropolitan 
area (cf. figs. 5 and 6). 
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