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Measurements of haze, smoke, dust, and visibility in the midwest
available from 1901 to 1980 reveal sizable temporal fluctuations.
These appear useful as surrogates of air pollutants not measured before 1950. Their historical record reflects both fluctuations in climate conditions and changing sources of major pollutants (such as
the shift from coal to oil or gas as the primary fuels during 1950s, and
the regionally extensive vehicular traffic that had become a major
pollutant source since World War II). Regional uniformity found
since the 1950s reflects integration of both area and point sources,
and a general decrease of visibility from 1950 to 1970. Air quality
regulations may have had little affect on haze, smoke, and dust except at very large cities where improvements in visibility have occurred since 1970.

80 years. Comparisons of data from major metropolitan
areas with that from smaller cities allowed inferences about
general regional shifts versus localized changes in air quality
over time. These studies focused on the midwest, an area of
humid climate and uniform agricultural and industrial activity, and an area where the historical records of haze, smoke,
dust, and visibility had been subjected to a quality-control
analysis (Changnon, 1984). The large cities in the analysis included Chicago, Illinois; St. Louis, Missouri; and Indianapolis, Indiana. Moderate-sized cities with an industrial base
studied included Evansville, Indiana; Peoria, Springfield,
and Moline, Illinois; and small cities without an industrial
base included Burlington, Iowa and Cairo, Illinois.

1. Introduction

2. Haze and smoke

Efforts to evaluate the effects of the United States air-pollution regulatory program, begun in the 1960s, have been limited since systematic measurements of most pollutants such
as ozone, SO , C0 , and NO* were minimal prior to 1960
with essentially none prior to the mid 1950s (Public Health
Service, 1962). Inevitable questions that arise, as one inspects
and tries to interpret the temporal fluctuations of various
pollutants measured since 1960 is whether the fluctuations
are due to weather (climatic) shifts, and whether the values
differ from those that occurred during the prior 60 years
when the nation became heavily industrialized, changed fossil fuels, and adopted gasoline-burning vehicles (Blakeslee
and Rechner, 1972).
Various atmospheric optical characteristics have been investigated as potential indices of pollutant loadings. Each of
these properties have long historical records. Fortunately,
when the US Weather Bureau established its national network of manned weather stations in the 1890s, it chose to record for each day 1) the ocurrence of blowing dust that limited visibility to 0.8 km (0.5 mi) or less any time during the
day; 2) the occurrence of haze and smoke that limited visibility to 9.6 km (6 mi) or less any time during the day; and 3) the
average daily horizontal visibility.
Smoke, depending on its source, typically is composed of
particles and gases containing many common air pollutants
(Scorer, 1973). Haze, dust, and visibility are also possible
surrogates for atmospheric pollutants. All were examined for
their temporal changes and spatial fluctuations over the past

Study of the haze-and-smoke conditions in the Illinois-Indiana-Missouri area (Changnon, 1984; Vinzani and Lamb,
1985) revealed that in general, the frequency of haze-andsmoke days was relatively low from 1901 to the mid twenties.
Thereafter, marked increases began with the time of beginning and magnitude of change dependent on the type of city.
Figure 1 reveals Chicago averaged 15 days with haze-smoke
per year until 1930, but by 1938 it had risen to 90 days and to
over 300 days by 1944, retreating to an average of 260 days
per year from 1955 to 1970, and decreasing again to an average of 160 days annually in the seventies. Springfield, Illinois,
a small industrialized city, averaged 5 days of smoke and
haze from 1901 to 1938; then its values raised to 85 in 1944,
and it has averaged 115 days annually over the past 25 years.
In contrast, Cairo, Illinois, a small, nonindustrial town
(population = 15,000) with essentially an unchanging population since 1900, averaged 30 days with haze and smoke
from 1901 through 1970 (records ended) with a singular peak
to 60 days during World War II. It should be noted that Chicago is located next to Lake Michigan and lake-related circulation patterns can have an influence on air quality and the
Chicago values shown in Figure 1. The sudden reduction in
smoke days at St. Louis in the 1920s reflects local ordinances
enacted to improve visibility by restricting the wide use of
high-sulphur coal prior to that time.
These results suggest that haze-and-smoke values in the
20th Century relate well to local pollutant sources, and that
their trends reflect three major findings. First, they reflect the
growth of United States industrial activity and the burning of
coal before and during World War II and the related temporal fluctuations in the emission of large particulate related
to coal. Second, they show a decrease in the frequency of
smoke days during the 1950s and 1960s, but to values in the
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3. Dust in the atmosphere

Dust was also investigated since dust is also a potential indicator of man's activities, and in particular the misuse of agricultural land. Hence, dust in the atmosphere is another air
pollutant and helps affect the incidence of haze. Historical
values of the frequencies of blowing-dust days in Illinois reveal very low values from 1901 to 1930, as did haze-and-smoke
values (Changnon, 1982a). The dust-day values achieved a
singular 20th Century peak in the 1930s, reflecting the great
American drought (Fig. 2). After the 1940s, values decreased, again like haze days did, but much more dramatically, reaching the pre-1930 levels by the late 1950s. However, the dust-day frequencies since 1970 have gradually
increased, reflecting new farming practices that have included more deep plowing in the fall season in the Corn Belt,
leading to a greater windblown soil erosion (Changnon,
1983). Fugitive dust from industrial activities is controlled as
an air-quality condition, but national concern over soil loss
through increased erosion in the 1970s may lead to changes
in farm practices that will eventually affect the incidence of
blowing-dust days.
4. Visibility

FIG . 1. Frequencies of days of smoke-and-haze incidences for fiveyear periods at selected mid western locales, 1901-1980. (a) Values at
stations in Illinois; and (b) Values in Indiana and Missouri.

1970s that are still much above those prior to 1930. This
downward shift since 1950 is largely related to the major
shifts from the use of coal to oil (with a decrease in the size of
combustion particulates released). Third, the haze-and-smoke
trends for the 1970s show another decrease in frequencies but
only at major metropolitan centers like St. Louis and Chicago, and not at the smaller industrialized cities. The hazeand-smoke frequencies since 1970 at most comparable midsized cities ranged between 110 and 140 days per year with no
temporal decrease nor a distinguishable regional pattern
(Vinzani and Lamb, 1985). The area seems to have achieved a
regional equilibrium and one that pollution regulations have
not greatly effected. These current values are much above
those of the less-polluted atmosphere of the first 30 years of
the 20th Century. The haze-smoke decreases during the
1970s in the larger urban centers do agree with local decreases in sulfates and other pollutants (Stern, 1975). The historical fluctuations in smoke-haze days may be used as a
measure of the general pollutant fluctuations in the past.

Analysis of measured horizontal (surface) visibility, an "integrator" of dust, haze, smoke, and other gases and particulates, has also helped reveal their combined effects (Barrett,
1970; Williams and Cudney, 1976). For example, study of
visibilities in and around St. Louis during the 1970s revealed
that the locally generated pollutants markedly reduced surface visibility (Changnon, 1982b). Visibilities of less than 9.6
km occurred 33 percent more often in the city than elsewhere,
and as shown in Figure 3, reduced visibilities extended like a
plume from 30 to 50 km beyond the city. The locale and size
of the plume depended on wind direction and speed.

FIG. 2. Frequencies of days with blowing dust at selected locales
for five-year periods, 1901-1980. (a) Values at Illinois stations; and
(b) Values at Missouri stations.
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FIG. 3. Average incidence of reduced (<9.6 km) visibility under
varying wind conditions at St. Louis. Each wind-direction category
includes wind directions ranging over 90° (i.e., South included SE,
SSE, S, SSW, and SW, or 135° to 225° winds), and these result in the
plume-like configurations shown on each map. Based on data from 9
stations but only the data close to St. Louis are depicted. Other
nearby stations are not depicted.
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dust, smoke, and haze occurred when the climate was relatively drier and warmer than it was from 1900 to 1930, or
since 1950 (Changnon, 1984). Some relationship to climate
conditions is suggested. The results also suggest four eras
have existed.
The first, 1900 to about 1930, was one with local pollution
sources dominating atmospheric optical conditions and with
little apparent regional spread of pollutants acting to affect
these optically detectable conditions. This may have occurred because most particulate pollutants were from coal
and were relatively large and settled out of the atmosphere
soon after emission.
The second era, 1930 to about 1950, is one with major local
source increases affecting atmospheric "visible "-transmission
conditions. This likely reflects both the industrial growth related to World War II with extensive coal burning, and the
effects of this warmer and drier period.
The third era consisted of improving atmospheric-transmission conditions, existing from about 1950 to 1965. This
was probably largely due to the shift from coal to oil usage
and possibly due to the cooler and wetter weather regime. It
was also a period of some industrial decentralization from
the large to smaller cities of the midwest, which tended to
produce more areal pollutants.
The major climate conditions (temperature, precipitation,
and winds) of the last era, 1965 to 1980, are quite comparable

Visibility data for 1950-80 in the midwest reveal distinct
temporal differences (Vinzani and Lamb, 1985). Figure 4
shows a general decrease in visibilities at all locales except
Chicago. These decreases at most locales for the 60th-percentile values had reached 9 to 10 miles (14 to 16 km) by 1980, the
value that has been existing at Chicago since 1950, suggesting
attainment of a regionally uniform visibility value. Examination of the fluctuations in the 60th-percentile curves (Fig. 4)
shows regional uniformity such as peaks around 1965, and
lows around 1970. These suggest weather effects are important since the mid sixties were generally wet and the early seventies were a dry period (Changnon, 1984). If one examines
the 90th-percentile curves (Fig. 4) for the 1970-1979 period,
the period when major air-quality regulations existed, little
change with time is found at most locales. Chicago and Peoria
exhibit slight up trends (improvements) in these poor-visibility conditions. The recent improvement in visibilities in Chicago may reflect effects of pollution reduction, but the areal
similarity at all other locales since 1970 suggests that variations in weather conditions (winds and stability) may have
been more important than air-quality controls in affecting
the changes found in visibilities.
5. Relationships of temporal distributions of
pollutant surrogates to climate conditions and
human industrial activity

The general distributions over the central United States of
the dust-day frequencies and smoke-haze-day frequencies
are depicted in Figure 5 along with a schematic of the trend in
major climate conditions in the area. The major peaks in

FIG. 4. Annual visibility values for 1950-1980 with bold solid
curves being the 60th-percentile values and the bold broken curves
the 90th-percentile value (both also have linear-regression lines).
The 60th-percentile indicates the visibility values equaled or exceeded 60 percent of the year. This value, which approximates the
median, for example, declines at Moline from 15 miles in 1950 to 9
miles in 1980. The 90th percentile values are those exceeded 90 percent of the time and are indicative of very poor visibility conditions
(from Vinzani and Lamb, 1985). Missing data or questionable data
deleted with non-30-year curves at some stations. There are periods
of incomplete data, hence the lack of complete lines on certain
graphs.
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form or worsened suggests no great regional improvement in
"visible" air quality due to air-quality regulations. The decrease in smoke and haze days at Chicago, St. Louis, and Indianapolis, and the slight increase in visibility since 1970 does
suggest air-quality regulations have helped in large cities
(Fig. 5). However, one can not be absolutely certain of this
since there is no control data for areas that did not experience
air-quality regulations.
A major finding of this study is that atmospheric conditions that affect visibility have fluctuated considerably in
time during the 20th Century. Fluctuations in these phenomena, and particularly of haze and smoke, may serve well
as surrogates for pollutants in the atmosphere if the data are
cautiously interpreted. Weather fluctuations and general
shifts in climate also have affected the incidence of dust,
smoke, and haze in the lower atmosphere, and in turn have
affected visibility. Hence, use of smoke, haze, and dust data
to infer temporal and regional variations in air pollutants
must include consideration of the allied climate conditions.
Further studies of the relationship of the optical properties of
haze and dust to specific pollutants appears warranted.
Comparable historical studies to this end in other areas of the
United States would be valuable.
FIG. 5. Portrayal of fluctuations in mid western-climate conditions (Changnon, 1984) and for atmospheric-transmission parameters from 1900 to 1980. More years.

to those of 1901 to 1930 (Changnon, 1984). Hence, any differences in the optical limiting conditions between these two
periods are believed largely due to changes in the sources and
types of pollutants, to air-quality regulations, and a doubling
of population, which should in general affect pollutant loadings. First, the higher values of haze, smoke, and dust in the
1965-80 period, coupled with generally area-wide decreasing
(poorer) visibilities, reveal that haze, smoke, and dust are
closely related to visibility. There was a difference between
the larger cities (Chicago and St. Louis) and smaller cities in
this last era, with decreases in smoke and haze evident in the
larger cities but not at the smaller ones, a difference also reflected in the visibility trends. The regional uniformity of
values of smoke and haze, and in visibility at most midwestern locales since 1970 suggests the midwest had attained
a regionally uniform distribution of "visible-light" transmission conditions, a situation quite different than that in
1901-1930 when visible pollutants were locally concentrated
and much less than in 1965-80. Since visible limiting plumes
from major urban areas, such as that from St. Louis, are generally not sufficiently extensive to cover the central United
States, and do not result in the regional uniformity found in
haze and smoke since the 1950s, it suggests that other sources
such as industries in smaller cities and vehicular traffic
throughout the area may be major sources.
6. Conclusions

The fact that the haze, smoke, and visibility values during
1970-1980 at all locales except the large cities remained uni-
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