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Abstract

Observational evidence of a locally induced snowfall is
presented. Local snow cover patterns are shown along
with accompanying meteorological data which suggest
that the precipitation process was initiated by the introduction of power plant and factory effluents into a
supercooled fog and stratus cloud. Such an event
poses a condition favorable for the application of the
Bergeron-Findeisen theory. Likely sources of nuclei involved in the precipitation process are examined in
relation to the snow cover patterns.
1. Introduction

Scientific discussion and research pertaining to advertent and inadvertent weather modification have come
to the foreground of professional attention in recent
years, and deservedly so. Some of the early studies that
generated considerable interest in cloud modification
are the seeding experiments by Schaefer (1946) and
Vonnegut (1947). Since then considerable work has
been done on the study of controlled and uncontrolled
influences on cloud and precipitation modification. Notable efforts, to mention a few, include studies of seeding experiments attempting to induce rainfall (Braham,
1966), dissipation of supercooled fog at airports (Beckwith, 1965), urban effects on precipitation patterns
(Changnon, 1969), and cloud cover produced by spreading jet contrails (Nicodemus and McQuigg, 1969).
The findings presented in this small study are suggestive of another way that man inadvertently can
change the natural order of weather events. Data presented show a locally occurring snowfall in an urban
area. It is proposed that the deposition of power plant
and cooling tower effluent into a supercooled fog and
stratus cloud induced the precipitation mechanism.
Local snowfall patterns and accompanying meteorological data presented show physical consistency with the
proposed explanation.
2. Snowfall pattern

During the morning of 11 January 1971, while driving
toward the Purdue University campus in West Lafayette,
Ind., I noticed that locally varying amounts of snowfall
existed over the city. Due to the occurrence that mornBulletin American Meteorological
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ing of a supercooled fog and the apparent local snowfall,
a considerable amount of curiosity was generated to determine the entire boundary of the snow pattern. To
acquire this information a thorough tour of the area
was made with the aid of Dr. C. R. Church and Henry
Drahos of the Purdue Geosciences department. Several
traverses were made through the city area and points
were identified on a city map where the snow cover
stopped. These points are marked as circled dots in
Fig. 1, and were used to construct the zero isopleth of
snowfall shown as a heavy solid line. The heaviest snow
cover, approximately 1/4 inch, was observed in the
vicinity of the university's south power plant identified
as PPS in Fig. 1. PSN marks the location of the north

FIG. 1. Local snowfall pattern for West Lafayette, Ind.—
11 January 1971. Circled dots indicate observations of snow
boundary, PA is Purdue University airport, PSN and PPS
are university north and south power plants, respectively.
Dashed lines are estimated isopleths of snowfall, 1/4 and
1 /8 inches.
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power plant. Also shown as dashed lines are two estimated isopleths of snow cover, 1/8 and 1/4 inches, which
only represent qualitative judgments of snow amounts.
It is apparent, however, that a very local snow maximum did exist since along line AB only slight traces of
snow were detectable. The region encompassed by the
zero isopleth shows the local pattern and an apparent
downwind spreading of the precipitation. Fig. 2 is typical of the snow maximum area.
The data accumulated at this point in the investigation did suggest that die snowfall may have been induced by a local effect. However, many questions arose
which necessitated further study, especially the need to
examine the hypothesis in light of available and appropriate meteorological data. Also, if the snowfall pattern
shown in Fig. 1 was actually induced by artificial nuclei
from power plant effluent then conceivably other local
snow patterns should have occurred simultaneously
under the same conditions.
Thought was given to other possible sources of industrial plant discharge similar to the emission from the
university's power plant stacks and cooling towers. Likely
candidates were Anheuser-Busch, Eli Lilly Pharmaceutical Company, and Brown Rubber Company located in
greater Lafayette, to the east of the Wabash River shown
in Fig. 1. A telephone call was placed to Anheuser-Busch
and it was learned that a local snow cover existed at that
site. This small piece of information prompted a similar
investigation, as before, and especially since Brown Rubber was in that vicinity a third possible site could be

FIG. 3. Additional local snowfall patterns in Lafayette,
Ind.—11 January 1971. Circled dots indicate observations
of snow boundary, AB is Anheuser-Busch, and BR is Brown
Rubber Co. The dashed line encompasses the area of apparent heaviest snow cover.
examined. Fig. 3 shows the information gained from the
second excursion and the apparent local snow cover that
existed. Two separate patterns around Anheuser-Busch
(AB) and Brown Rubber (BR) were present, but the
data for determining snow boundaries were not nearly
as good as the case shown in Fig. 1. This was primarily
attributed to the absence of roads that would allow determination of the snow boundaries. No survey was
made around the Eli Lilly plant.
The most significant aspect of these additional cases is
the possible simultaneous occurrence of locally induced
snowfall at different points, given a similar set of conditions. These results certainly lend support to the hypothesis that the snowfall was artificially induced by
local influences.
3. Review of accompanying meteorological data

To arrive at a possible physical explanation of the snowfall patterns it was essential to examine closely the meteorological data associated with these events. Critical to
the problem was the determination of the time of snowfall. In the first case, shown in Fig. 1, the snow began at
approximately 6:45 a.m. (EST) and ended at 8:00 a.m.
TABLE

FIG. 2. Typical scene of maximum snow cover. Photo taken
at 11:00 a.m. (EST), 11 January 1971.

1. Meteorological data from the FAA Weather Station,
Purdue University Airport, for 11 January 1971.

Time
a.m.
(EST)

Wind
direction

3:00
4:00
5:00
6:00
7:00
8:00
9:00
10:00

calm
calm
calm
calm
210°
190°
calm
calm

Speed
(knots)

—
—
—

6
4

—
—

Significant
weather

Visibility
(St.
Miles)

None
Fog
Fog
Fog
Fog
Very Lt. Snow
Fog
Fog

7
5
1i
8
1611
16
U

Drybulb
temp.

(°F)
25
23
23
25
26
26
27
28

Wetbulb
temp.

(°F)
20
19
20
22
23
23
23
24
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(EST). This information is based on campus police reports, Purdue Airport weather records, and from conversation with individuals residing in the area at the
time of snow. The cases reported in Fig. 3 will not be
considered further in this paper other than as evidence
of snowfall occurrence at more than one location. The
FAA weather station at Purdue Airport (identified as
PA in Fig. 1) provided the local weather data used in
this study. These data are presented in Table 1.
In reviewing the local weather data it is noted that
fog was first reported at 4:00 a.m. (EST) with a corresponding shelter height dry-bulb temperature of 23F.
This supercooled fog was persistent through the time of
the local snowfall. During this period, however, both
wet- and dry-bulb temperatures were rising. Winds were
calm through the 6:00 a.m. (EST) report, but were generally from the south-southwest at 4 to 6 kt during the
time of snowfall. It is of interest to note that these wind
data are compatible with the snowfall patterns shown in
Figs. 1 and 3, and the apparent downwind effect from
the source regions. The zero isopleth in Fig. 1 shows an
excellent alignment of snowfall with wind direction.
Further, both power plants are located in the upwind
portion of the snow area.
The synoptic weather features were also examined
for the period of interest. A cold front had passed
through northern Indiana the previous afternoon and
on the morning of the snowfall was retreating northward through the Lafayette area as a weak warm front.
Some light and scattered precipitation was associated

FIG. 5. Condensation cloud from cooling towers at Purdue
University's south power plant. Photo taken at 12:00 noon
(EST), 11 January 1971.
with the frontal zone from Illinois into New England.
It is proposed, however, that the uniqueness of the
snowfall patterns and accompanying conditions allow a
distinction to be made between this local precipitation
and that along and to the north of the warm front. In
fact, this synoptic feature was instrumental in the warm
air and moisture advection leading to the occurrence
of the supercooled fog, a necessary condition for the
argument proposed. Also, the surface was quite cold and
frozen to a depth of approximately 12 inches as a result
of arctic air over the area during the previous week.
4. Discussion of the local mechanism

Fic. 4. Stack emission from Purdue University's south power
plant. Photo taken at 12:00 noon (EST), 11 January 1971.

Likely sources of nuclei initiating the local snowfall in
the first case are the north and south power plants, respectively, noted in Fig. 1 as PSN and PPS. The north
plant has a single smokestack with solid particle emission from burning coal. The south plant represents a
considerably larger potential source of nuclei with two
stacks emitting particulate matter from coal combustion,
plus three cooling towers that can produce a sizeable
cloud from condensing water vapor. Pictures of the
south plant are shown in Figs. 4 and 5, and it is proposed that this represents the principal source of iceforming nuclei that stimulated the nucleation process
within the supercooled cloud. The pictures in Figs. 4
and 5 were taken approximately 4 hr after the snowfall
ended but still reveal an appreciable effluent from
stacks and cooling towers into the lifting stratus deck.
Smith and Gruber (1966) have prepared an extensive
survey on atmospheric emissions from coal combustion.
From their report the typical chemical composition of
the fly ash from the type of coal used in the university
power plants has been determined. Also, the threshold
nucleating temperature of two of these chemical compounds was obtained from the study by Fukuta (1958).
These combined results are given in Table 2. Depending on the temperature at the height of nucleation some
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TABLE

2. Typical chemical composition of fly ash from
Illinois coal and available threshold
nucleating temperatures.
Chemical

Silica, Si0
Aluminum oxide, A1 0
Ferric oxide, Fe 0
Potassium oxide, K 0
Calcium oxide, CaO
Magnesium oxide, MgO
Sodium oxide, Na 0
Sulfur trioxide, S0
2

2

2

3

2

2

3

3

Fly ash (%)

Threshold
temperature
(°C)

52.7
28.2
14.0
2.5
1.1
1.0
0.3
0.2

?
-6.5
?
?
?
-9.3
?
?

of the chemicals listed in Table 2 may have been effective, especially aluminum oxide. However, very little
can be stated conclusively since many of the oxides in
the power plant effluent probably occurred as silicates
anyway.
The meteorological data presented in the previous
section indicate the existence of a supercooled fog over
the area at the time of snowfall. This was further supported by the icing on trees and grass as supercooled
droplets came in contact with surface objects. Icing was
more noticeable on the southwest side of surface objects,
which can be attributed to the direction of surface
winds. Also, power plants operating within the snowfall
area during the time of interest apparently provided
a continuous source of potential ice-forming nuclei,
namely, by-products from coal combustion and water
droplets produced in warm ascending plumes from cooling towers, since continuity in power plant operations
was verified.
Recognition of the above two conditions would lead
one to consider the possibility that an inadvertent seeding effect was responsible for the local snowfall. Injection into the supercooled fog of insoluble particles from
the stacks and water droplets from the cooling towers
could initiate freezing and the formation of ice crystals.
The coexistence of ice crystals and supercooled water

(Continued from announcements, page 550)
NSF widens opportunities for research participation

The National Science Foundation will increase opportunities for college faculty members and industrial scientists to
participate in its research projects by encouraging grantees
to request funds for research associates.
The NSF will favorably consider requests in research proposals for summer salary support for college faculty members. NSF recognizes the increase at small colleges in faculty
with the ability and motivation to conduct scientific research and who frequently lack research facilities on their
own campuses.

droplets would allow an application of the BergeronFindeisen theory, with vapor pressure gradients favorable for crystalline growth. Conceivably, under such conditions additional growth could occur through clumping
and riming, ultimately reaching sufficient mass to fall
out as snow.
5. Conclusion

On the basis of observed local snowfall patterns, their
relationship to likely ice-nuclei sources, and supporting
meteorological data it is concluded that under appropriate atmospheric conditions precipitation may be inadvertently induced by local influences.
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The Foundation also hopes to increase the number of
industrial scientists participating in its research projects.
Scientists who obtain leave from their companies are eligible to participate in scientific research at academic institutions as postdoctoral research associates. It is recommended
that funds available from NSF be augmented by asking the
industrial employer to pay part of the salary of the scientist
while he is participating in research sponsored by NSF.
For further information on the employment of research
associates on NSF research projects, write Assistant Director
for Research, National Science Foundation, Washington,
D. C. 20550.
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The History of American Weather

The author's purpose in writing Early American Tornadoes was twofold: to set down in chronological order
and in proper geographical setting, the meteorological characteristics of all reported storms of the tornado
classification in the United States prior to 1870; and to describe the intellectual effort of early American
scientists in their attempts to understand tornadoes and like phenomena.
The orginal accounts of storms, beginning with Roanoke Colony waterspouts in 1586 and 1590 and John
Winthrop's "sudden gust" in 1643, are extremely interesting for they provide first-hand descriptions of
storms and also give glimpses of the people who wrote the accounts. Students of the atmosphere will find
the history of early American thought on tornadoes fascinating reading. Beginning with Cotton Mather and
his theological hypothesis of the causes of storms, the author gives us, through excerpts and commentary,
considerable insight into the development of meteorology in America, as it progressed through Benjamin
Franklin, Elias Loomis, Lorin Blodget, William Ferrel, James Espy, and William Redfield. The appendix
includes a graphic description of a Wisconsin tornado of 1865 (a prize essay from the American Meteorological Journal) and chronological, geographical, and author indexes.
Price $10 clothbound

219 pages

Send orders: AMERICAN METEOROLOGICAL SOCIETY, 45 Beacon St., Boston, MA 02108
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