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Abstract

The economic impact of late spring cold air outbreaks
on the people of the Grand Valley of western Colorado can
be catastrophic. One such event occurred in late April of
1904. Alerted by a frost warning received from the U.S.
Weather Bureau forecast office in Denver; the business and
political leaders of the area and the local Weather Bureau
observer conceived and implemented a plan. This paper
describes the first successful, albeit odorous, smudging

operation in that area.

April, 1904.

Tuenday, 19th.

_ Clowdy during the early morm and forenoon.
Brisk.to.high southeast to southwest winds from 8.45
to 10.15 a.m.t maximum velocity, 28 miles from the
south at 7,16 a.m, Light rain. fell between.9.10 ani
9.00 a.m. Vaather: becama partly oloudy about 2 Pem.
and olear apout & p.n., cumlus clouds pradominating.
Olear until after midnight. Brisk winds contimied at
intervals during the #fiernocon, avening and until after
nidnight.

Preelipitation, midnight to midnight, ?.

Wadnesday, £0th.

Olear weathe® from sarly morning until aftsr mid-
night, oumilus olouds predeminating. Briak to high soyth-
easd to southwest winds provadled from about noon until
after midnightg maximum velooity, R6 miles £rom the
sonth at €.16 p.n.y great olowls of Auat ware raised
by the winds, alumost obaouring the sun toward ovening,
;nfht.ho half moofl was scavesly discernible aftex night~

811,

Thursday, Rlst.

Brisk southweat to northwast winds contimuad at
intervals all day. Partly oloudy during the early
morming and %0 4 p.m., when it bacame cloudy., Cloudy
until after midnight. Prost warning 4noluded in foreoast
nesnage received at 11.06 a.m. On account of the warning,
and also the comparatively 1low temperature pravailing,
the Mayor of the oity lasued a proolamation requesting
the citizens {0 use every endsavor to prepare for smudge
fires. A meeting of lsading residents amsembled in the
offioe of the Daily Sentinel for the purpose of piving
the forecast the widest ponsible Aictribution, as about
half the pear orep %as in a oritlcal stase-~from bloom
to eatting-~and all the apple crop was just in bloom,
The looal office was 4designated as the eentral point
for information relative to the fall in temperature
during the ni;ht, and Mr. Jonn ¥, Moore, Manager of the
Fruit Growers/ Assvolation, and Nr. Orson Adams, Jr.,
Cashier of the Mesa County State Bank, ed $o naaist
in the work of wrging all fruii growers {0 take preventive
measures. Arrangementn were made with the telephone ool
pany for service during the early hours of the following
morning, with instrudtionm to call the observer should
the temperature fall o the dangertus point befors the
agroed hour of 3 a.m., local time. The city employes
prlaced wagon-loads of manure in All the open lots of the
0dty, and the eitinena very gensrally responded to the
Tequest of the Mayor. By midnight ¢he work of preparing
1000 largas = 5 pilea in the oity limite was completdd.
I% was agreed that tle time for lighting was to be Aster-

Fig. 1. Copies of pages 467 and 468 from the Daily Log of the
Grand Junction, Colorado, Weather Bureau Office.

1. Introduction

Ever since its founding in 1870, the National Weather
Service has been intimately involved in the life of those
local communities in which its offices are located. An
example of this involvement occurred in April 1904, in
Grand Junction, Colorado. This episode, as recorded in
the Daily Log (see Fig. 1) by Richard H. Sullivan,
Observer in Charge of the Grand Junction Weather
Bureau Office, is described in this historical review.

April, 1504,

Thursday, 21lst, contimed.

mined after consultation with tly orchardists at the

appointed hour the following "2’ ~y“all telsphone ocon-
neotionsto be made with the line to the Weather Bu=-
reau office, so that each individual could hear the
observed temperatures and disouss ways and means with
his neighbors up and down the valley, thus speedily
arriving at decision ms to the best mode of procedure.
Ap indiocated, this plan made it possible to compare
temperatures over the territory covered by the White-
water, Palisade, Grand Junction and Fruita exchanges.
According to the Mayor’s proolamation, and at the hour
determined upon by all ies interested, the bell
of the aity fire department was to be tolled and the
large whistle of the Grand Junction Electxic and Gas
Company blown,so as to arouse ths residents to light
the smdge fires. By this congerted effort a heavy
oloud of smoke was to float over the oroharda of tha
valley until after mmrise. Anxious inquiries at the
local offics oaused the offisial in charge to tele-

" graph the Denver 0ffica for additional information as
to the provable strength of winds, prevalence of
oloudiness and miniramm temperature during the ensmi.
night. A special observation was dispatohed to the Dis-
triot Forscaster for his information,in the same tele-
gram, at 5.16 p.m. His reply, received at 6.13 p.i.,
enlarged upon and oonfirmed tne morning foreoast. Bev-
enty-seven calls by telephone wsrs answered by the ob-
server during the afternoon and evening. The brisk
winds became light toward evening and nearly calm
about midnight.

. Priday, 33d. N

The weather became partly oloudy abouyt 1 a.m.
At 12.30 a.m,, looal time, the observer wds advised
by the telephone company that the temperature had
fallen 10° during the previous three hours over the
vicinity of Lobaok, a low distriet about five miles
northwest of station. Upon receiving this information
the observer repaired to the office and procesded to
oarry the plan noted under ths previous date into
effeot. With the assistance of Messrs. Adams and
Moore, temperatures reported from all pednts in the
valley were compared with half-hourly readings made
by the obmerver. A continued fall in temperaturs re-
sulted in the decision to have the general smudge
startsd at 6 a.m., local time, and, by 5.80 a.m.,
local time, the whole valley was covered by a sheet
of dense smoke 50 to 76 feet deep, 8 to 10 miles
wide and about 40 miles long. The wind being light,
the amoxe sesmed to settle Well over everyt sim-
ilar to n dense fog, and the first systematic smudge
ever attempted in the vallay was sucgessfully in op-




Grand Junction (Fig. 2) is located at the confluence of
the Colorado and Gunnison Rivers in west central
Colorado. In the late winter and early spring, this loca-
tion is generally bathed by brisk drainage winds from the
western slope of the Rocky Mountains. The mixing of the
lower layers of the atmosphere caused by these winds
usually keeps temperatures mild enough to allow exten-
sive fruit orchards to thrive in this area. Peaches, pears,
apricots, cherries, and apples are all grown there and
have been a big part of the local economy since the town’s
founding in the early 1880s.
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Fig. 2. Grand Valley - Western Colorado

However, weather conditions periodically develop that
stop this wind. When this occurs, the resulting cold can
kill just about all developing buds. One hundred years
ago, the impact of such an event on the local populace
would have been enormous. Thus, on the morning of
Thursday, 21 April 1904, when the ‘Weather Bureau’ fore-
cast included a frost warning for the upcoming night,
there was a real cause for concern.

2. Morning of 21 April 1904

Each morning, Mr. Sullivan, like all weather observers
around the country, would take and record an observa-
tion for his site. The official location for this was on the
roof of the Mesa County State Bank building at 4 th and
Main in which the weather office was located. He would
encode this observation and have his messenger take it to
the local telegraph station. Assuming that all telegraph
lines were up and open, the observation would be wired
to the Denver District Forecast Office and to the Central
Weather Bureau office in Washington D.C. Meteorologists
in Denver would receive Mr. Sullivan’s report and, com-
bining it with other observations and the most up-to-date
forecast tools of the day, would write a forecast. This
would be returned to the local offices via the same tele-
graphic method.

Mr. Sullivan would have received the forecast usually
about 8 a.m. and, along with his messenger, would have
spent much of the morning distributing it. This involved
hand copying the forecast onto appropriate forms and
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posting these on designated notice boards around the city,
taking them to the local newspaper offices for publica-
tion, displaying an appropriate flag on the office roof, and
running the forecasts to the departing railroad train so
the conductor could hand these out at the various depots
at which they stopped. He would also answer requests on
the newest gadget available in the office, the telephone.

On April 21st, the following entry was included in the
weather log:

“Brisk southwest to northwest winds contin-
ued-at intervals all day. Partly cloudy during
the early morning and to 4 p.m., when it
became cloudy. Cloudy until midnight. Frost
warning included in the forecast message
received at 11:06 a.m.”

As seen on the Weather Bureau surface analysis valid
at 8 a.m. on 21 April 1904 (Fig. 3), a 29.45 inch low pres-
sure center was sited over south-central Colorado. This
low had tracked southeastward over the previous two
days bringing colder, drier air over western Colorado. At
8 a.m. on 22 April (Fig. 4), the Weather Bureau analysis,
which included the track of this storm over the past few
days, showed the low had made a drastic turn to the
northeast. With high pressure building in behind it over
western Colorado, the skies were clearing and the pres-
sure gradient across the area was greatly weakening.
However, it was a pressure gradient that would have con-
tinued to support a southwest wind. Such winds would
oppose the normal nighttime drainage. Usually, these
drainage winds flow from the interior uplands of the
state, along the Colorado River basin, arriving in the
Grand Valley through the Debeque Canyon about 10
miles upstream from Grand Junction. As noted earlier,
the resulting 15 to 20 mph easterly breeze inhibits most
orchard killing temperatures. However, when an oppos-
ing synoptic scale gradient is in place, this breeze may be
shut off. Light winds and, for fruit trees at a vulnerable
stage of development, killing temperatures are the result.
These conditions are what the Denver forecasters must
have noticed early on the morning of 21 April. The 8 a.m.
forecast for western Colorado was:

“RAIN OR SNOW AND COLDER TONIGHT.
FROST. FRIDAY FAIR.”

Upon receipt of this forecast (and because the temper-
atures were already chilly), the elected officials and the
city fathers of Grand Junction went into action.

“The Mayor of the city issued a proclamation
requesting the citizens to use every endeavor to
prepare for smudge fires. A meeting of leading
residents assembled in the office of the DAILY
SENTINEL, the local newspaper; for the pur-
pose of giving the forecast the widest possible
distribution, as about half the pear crop was in
a critical state-from bloom to setting-and all
the apple crop was just in bloom. The local
(weather) office was designated as the control
point for information relative to the fall in tem-
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Fig. 3. Surface analysis at 8 a.m. of 21 April 1904.

Fig. 4. Asin Fig. 3, except for 8 a.m. 22 April 1904.



perature during the night, and Mr John F.
Moore, Manager of the Fruit Growers
Association, and Mr. Orson Adams, Jr,
Cashier of the Mesa County State Bank,
agreed to assist in the work of urging all fruit
growers to take preventative measures.”

3. Afternoon and Evening of 21 April 1904

On the afternoon of 21 April 1904, up-to-date weather
information was critical. Orchards were scattered all over
the valley and, although most had thermometers, there
was no central data base to use in keeping track of devel-
oping conditions. So, necessity being the mother of inven-
tion, the people used what was available.

“Arrangements were made with the telephone
company for service during the early hours of
the following morning, with instructions to call
the (Weather Bureau) observer should the tem-
perature fall to the dangerous point before the
agreed hour of 3 a.m. local time.”

Now that the information links were arranged, the
locals had to have a plan of action to fight the predicted
cold. Again, they looked to what they had.

“The city employees placed wagon-loads of
manure in all the open lots of the city, and the
citizens very generally responded to the request
of the Mayor. By midnight the work of prepar-
ing 1000 large smudge piles in the city limits
was completed. It was agreed that the time for
lighting was to be determined after consuliing
with the orchardists at the appointed hour the
following morning, all telephone connections to
be made with the line to the Weather Bureau
office, so that each individual could hear the
observed temperatures and discuss ways and
means with his neighbors up and down the
valley, thus speedily arriving at decision as to
the best mode of procedure.”

And to implement the plan:

“According to the Mayor’s proclamation, and at
the hour determined upon by all parties inter-
ested, the bell of the city fire department was to
be tolled and the large whistle of the Grand
Junction Electric and Gas Company blown, so
as to arouse the residents to light the smudge
fires.”

At this point everything was set. All the town’s people
knew it was going to get cold that night. They knew that
they had to take some action to mitigate the effects of
these temperatures. The city had gathered enough
manure from local resources to build 1000 piles. They
also established an overnight conference call to keep
everyone informed and up-to-date. Now they had to wait.

By late afternoon on the 21st, the local citizens were
very concerned about upcoming conditions and began
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calling the office for updates. Seventy seven calls were
received during the afternoon and evening hours. At 5:15
p.m. Mr. Sullivan sent another telegram to Denver asking
for additional information on winds, cloudiness, and tem-
peratures. In the same message, he transmitted a special
observation of existing conditions. At 6:12 p.m. the
Denver forecaster replied confirming that frost that night
was still likely.

“The brisk winds became light toward evening
and nearly calm about midnight.”

4. Early Morning of 22 April 1904

On Friday, 22 April, the weather observer made the
following entry:

“The weather became partly cloudy about 1
a.m., local time. The observer was advised by
the telephone company that the temperature
had fallen 10 degrees during the previous three
hours over the vicinity of Loback, a low district
about five miles northwest of the station. Upon
receiving this information the observer
repaired to the office and proceeded to carry
(out) the plan...”

The forecast had been accurate. A frost was coming.
Now the citizens of Grand Junction would determine if
their plan would work.

“With the assistance of Messrs. Adams and
Moore, temperatures reported from all points
in the Valley were compared with half hourly
readings made by the observer. A continued fall
in temperature resulted in the decision to have
the general smudge started at 5 a.m., local
time, and by 5.30 a.m., local time, the whole
valley was covered by a sheet of dense smoke 50
to 75 feet deep, 8 to 10 miles wide and about 40
miles long. The wind being light, the smoke
seemed to settle well over everything, similar to
a dense fog, and the first systematic smudge
ever attempted in the Valley was successfully in
operation.”

Using this information, the smoke plume must have
extended across the breadth of the entire valley from the
Uncompahgre Plateau to the Bookcliffs and from the
base of the Grand Mesa almost to the Utah border. The
described inversion would have been less than 100 feet
deep. However, this inversion must have been strong
enough to keep the smoke plume cohesive. The smell of
burning manure must have been choking. The result?

“A light frost, by careful examination, was dis-
covered underneath tufts of alfalfa along the
ditches, but none on the walks or in the open.
No damage resulted, due, many growers
affirmed, to the thorough manner with which
the smudging was pursued. The smoke had
almost entirely disappeared by 10 a.m.”
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5. Conclusion

Several other references were made by the Grand
Junction weather observer to the use of this smoking
process over the next couple of years. Whether they were
as successful was not clearly recorded. However, as
described in this paper, the first attempt worked. It may
have smelled. It may have been a bit of a hassle to get up
that early in the morning. But, smoke from the burning
manure piles, at least for one night, protected the
orchards in the Grand Valley.
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ABOUT OUR CORPORATE MEMBERS

Summaries are provided from corporate members to inform all
readers of the wide variety of activities operational
meteorologists and those in related fields are involved in.

ENVIROTECH SENSORS, INC.

EnviroTech Sensors, Inc., a small, woman-owned business, was
incorporated in the State of Maryland in March 2001. With more
than 30 years in electronics, instrumentation, and meteorological
systems, EnviroTech Sensors focuses this experience on solving
the measurement problems of its clients. Key focus areas include
meteorological sensors and systems for aviation weather and
road weather, as well as sensors for hydrology, industrial, and
aerospace applications.

EnviroTech Sensors, Inc., proudly announces Sentry™, a new
visibility sensor that brings high levels of performance for an
unexpectedly reasonable price.

Key features include:

16 km (10 mile) range

Flexible power and output options

Field repairable with test points and indicators

EMI & surge protection on power & signal lines

Easy installation & field calibration

The meteorological marketplace has grown accustomed to
paying too much for quality instrumentation. Why not join us in
breaking the trend?

In addition to the Sentry™ visibility sensor and other sensors,
EnviroTech offers their services to help make your products and
services better. A hands-on, multidisciplinary approach to
problem solving brings practical solutions to complex problems.
Whether it is product development, documentation, training or
field service, EnviroTech Sensors offers one-stop shopping for
the best solution.

For more information, contact John Crosby, Vice President at
EnviroTech Sensors, Inc., P.O. Box 794, Clarksville, MD 21029;
Tel:  410-531-8596; Fax: 410-531-7010 or e-mail:
jerosby@envirotechsensors.com. Or visit our Web site at
www.envirotechsensors.com.

AccuWeather, Inc.
Acquires Media Business of WeatherData, Inc.

State College, PA, (November 19, 2002) — AccuWeather, Inc.
announces that it has acquired the entire media division of
competitor WeatherData, Inc. The sale expands the
AccuWeather customer base in both the newspaper and radio
markets.

Already the largest supplier of electronic, pagination-ready
weather presentations for U.S. newspapers, the acquisition
brings the total AccuWeather client base to 851 newspapers.
Among the former WeatherData clients that have begun
receiving AccuWeather weather presentations are major urban
papers such as The Dallas Morning News. AccuWeather has
also already commenced service to the radio stations formerly
served by WeatherData.

“AccuWeather has recently made a million-dollar investment in
system development and the automation of internal processes,”
said Dr. Joel N. Myers, president and founder of AccuWeather.
“This gives us ample capacity to assure the very highest level of
quality, accuracy and consistency in serving the weather needs
of the customers who are joining us, as well as our continuing
customers.”

“Given our new strategic markets focus, which prompted our
decision to sell our media business unit, we are pleased to
introduce AccuWeather as the new weather provider for our
media clients,” said Mike Smith, WeatherData’s founder and
Chief Executive Officer. “AccuWeather has quality products and
is easy to work with. We know their innovative Web products —
Alert, Desktop and iSight — will be of interest to many of our
former clients.”

For more information about AccuWeather, contact them at:
385 Science Park Road

State College, PA 16803

Tel: 814-237-0309; Fax: 814-235-8509

Internet: AccuWeather.com  e-mail: info@accuwx.com



