











sensed rainfall data were also collected from the National Weather Service WSR-88D Doppler
radars at Cheyenne, Wyoming, and near Denver, Colorado, and also from the Colorado State
University CHILL dual-polarized research radar near Greeley, this storm presented one of the
best opportunities in Colorado history to accurately define rainfall patterns from an extreme
storm.

Weather Conditions Associated with the July 27-28, 1997 Rains

From mid June into the final week of July 1997, the Fort Collins area and much of Colorado
had been experiencing several weeks of dry weather. At the official Fort Collins weather
station on the campus of Colorado State University, only 0.36 inches of precipitation had
fallen since June 15, just 16 percent of average for that time period Temperatures had also
been persistently hot since July 7. Beginning around July 18, humidity increased over
Colorado as tropical moisture began its typical mid-summer northward drift into the
southwestern U.S. Afternoon thunderstorms became more numerous, and a few were locally
quite heavy such as the one that dropped 3.83 inches of rain in just over one hour at the
National Weather Service Forecast Office at Denver Stapleton on the afternoon of July 19.

Despite increasing humidity, thunderstorm activity remained fairly isolated until an unusually
strong mid-summer cold front reached eastern Colorado on July 27. A large high pressure
area perched over southern Canada pushed cooler air southward toward Colorado. Early on
Sunday morning (July 27) the cold front extended from approximately Minnesota to southern
Wyoming (Figure 1). At the same time, moisture continued to stream northward into
Colorado from the south. As the cold front moved southward over Colorado during the day,
easterly surface winds developed that began to push very humid surface air that had been over
Kansas and adjacent plains states into eastern Colorado. These conditions set the stage for
the very heavy rains that fell in the ensuing hours July 27-28, 1997 over the Fort Collins area
and were surprisingly similar to the conditions of July 31, 1976 which produced the disastrous
Big Thompson flash flood.

Several atmospheric scientists are investigating the weather conditions preceding and during
the Fort Collins storm. Detailed meteorological analyses will be available when these studies
are completed. This report does not attempt to duplicate those efforts.

Following the Fort Collins flood on July 28, very moist air continued to linger over Colorado
for several days, and more extreme rainfall events occurred. The very next evening, Fort
Collins experienced a near miss as heavy downpours again developed. Fortunately, these
storms took a different track and dropped most of their rain north and east of Fort Collins.
Portions of Larimer County received more than two inches of rain during the evening of July
29th. But farther to the east a truly remarkable nighttime storm inundated the Pawnee Creek
watershed northwest of Sterling, Colorado. This storm likely surpassed the Fort Collins
storm significantly in terms of both total rainfall and storm area. At least 14 inches of rain in
6 hours is believed to have fallen over an area of perhaps 15 square miles with 4 inches or
more over nearly 500 square miles (Browning and Lang, 1997). The resulting flood inundated
large portions of Sterling and Atwood along with thousands of acres of farmland.







Remarkably, no fatalities were reported. A summary of rainfall and runoff from this huge
storm is being prepared by the Colorado Water Conservation Board in Denver. Other very
heavy rains occurred in Phillips and Elbert Counties. Heavy local downpours continued in
early August and caused more local flooding, most notably in southeastern Colorado. A
Presidential Disaster Declaration resulted (DR-1186-CO) which eventually included a total of
13 counties in eastern Colorado. This report focuses only on the rains of July 27-28, 1997 in
and near Fort Collins.

Data Collection

In order to thoroughly document the rainfall patterns from the July 27-28, 1997 storms in the
Fort Collins area, an intensive effort was made to obtain rainfall information from any
potential source of data. Under ideal conditions, the effort to collect precipitation data would
have begun early on the morning after the flood. However, due to the widespread flood
damage on the Colorado State University campus, including minor damage at the official
weather station just north of the severely damaged Lory Student Center, and due to personal
emergencies associated with the flooding, and the nearly continuous barrage of media calls
and contacts from many sources seeking information about the flood, a systematic effort to
collect data did not begin until July 30th. The Colorado Climate Center had previously
performed an intensive survey of precipitation in 1994 as a part of a special radar-rainfall
research project (Clement et al, 1995), so some expertise in storm surveying existed.
Unfortunately, no systematic plan had been developed to help guide a rapid and coordinated
data collection effort of the magnitude needed to survey this storm.

A data collection effort was hastily initiated. The following methods were used to obtain
precipitation data.

1) National Weather Service Stations. The National Weather Service (NWS) maintains a
national network of several thousand temperature, precipitation and snowfall
measurement sites or sites that measure only precipitation. Ten of these cooperative
weather stations are in Larimer County including the official Fort Collins weather station
on the CSU campus. These data are routinely transmitted to the National Weather
Service in Denver at the end of each month and were used in this study.

2) Mountain States Weather Services volunteer observers. For the past 20 years, Jim
Wirshborn, director of Mountain States Weather Services (MSWS) in Fort Collins, has
maintained a network of volunteer weather observers in Fort Collins, Larimer County and
surrounding areas. Many of these observers call in precipitation reports to MSWS during
and after each significant storm, and most of them record 24-hour precipitation totals on
observation forms that are mailed in at the end of each month. These data were all
provided to the Colorado Climate Center in early August to assist in the storm
documentation. A total of 44 rainfall reports were included from MSWS volunteer
observers who fill out observation forms A few of these were redundant with NWS
reports. Other reports from MSWS spotters were received by phone.
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Phone searches. As information from all data sources was compiled, preliminary
analyses were performed which then pointed out a few areas north and southwest of Fort
Collins for which very few rainfall reports had been obtained. Special focused efforts
were then initiated to identify possible data sources for those areas. Using personal
contacts, irrigation companies, and a variety of referrals, additional rainfall reports were
identified to help fill in data voids.

10) Supplemental Data—Radar (National Weather Service, CSU CHILL) At the same time

that precipitation data were being assembled, contacts were made to obtain radar data
from two independent meteorological radar sites: 1) The operational WSR-88D
National Weather Service weather surveillance radar located east of Denver, and 2) the
Colorado State University CHILL research radar near Greeley. The use of radar data will
be discussed later in this report.

The initial efforts were focused on e-mail, newspaper and radio announcements in order to
collect data from as many sources as quickly as possible while evidence and memories were
still fresh. Known sources of data such as National Weather Service official stations and
cooperative observers for Mountain States Weather Services were not initially pursued, since
it was assumed that these sources would be available in writing and would not require much
follow up efforts.

A special form was developed for recording each rainfall report (Appendix B). For each
report received, a variety of information were obtained and recorded.

“Observer Information.” The location of each measurement site was recorded, and
information on how to contact the observer was noted. This was important since many
observers were contacted two or more times with follow-up questions as the analysis
proceeded.

“Rainfall Amounts.” The observed rainfall totals were recorded along with any objective
information about how that rainfall was distributed over time. Since the rain began
Sunday evening (July 27, 1997), fell in several distinct periods, and culminated Monday
night, many observers had time to read and empty their gauges more than once during the
period. In fact, many gauges would have spilled and their readings would have been
useless were it not for the great diligence of many individuals who took multiple
measurements. While most reports were either a single total for the whole storm period
or perhaps two separate measurements, some observers read their gauge and noted the
measurement times as many as 10 times. Some got totally soaked in the process, but the
resulting information made it possible to deduce the time history of the rainfall with good
accuracy.

“Type of rain gauge.” When interviewed, each observer was asked to describe the type of
rain gauge they were using. This is helpful information in interpreting observations. Also,
for many sites, especially those receiving heavy rainfall totals, more information about
precise gauge location and exposure was obtained.

“Other Remarks/Information.” Observers were asked to provide any additional
supporting information either about their rainfall observations or about their storm




experiences. Many recollections were shared, but only those remarks pertinent to the
actual observations were recorded.

In all, 307 rainfall reports were obtained. At least two-thirds of these involved phone
conversations or e-mail messages. This process of information gathering consumed, on
average, about 30 minutes per rainfall report. With one full-time professional working on this
activity with additional part-time support, it was still only possible to process about 20 to 25
rainfall reports each day. Driving surveys were even more time consuming since it often took
several stops and conversations in order to track down a single report. The easiest data
collection was the existing National Weather Service cooperative stations and those
maintained by Mountain States Weather Services. The advantages of these sites were that
they recorded their observations on standardized forms, used known types of rain gauges and
their locations were already known and indexed. There were simply not enough of these
existing stations, however, to adequately describe the storm. Despite being consistent and
well documented, follow-up calls were sometimes still needed to obtain more detailed
information from these observing sites.

Of the 307 rainfall reports, 281 were actual gauge measurements. Measurements came from a
variety of rain gauges ranging from official National Weather Service eight-inch diameter
standard manual rain gauges and a variety of electronic recording gauges to several types of
low-cost hardware-store-type gauges. While the Fort Collins area did not have an existing
special precipitation network, 19 recording gauges were identified in the region which offered
hourly or finer time resolution data for documenting rainfall rates and time distributions. Of
the many manual gauges, nearly one third were quality gauges meeting National Weather
Service guidelines for quality. The majority of these were the 4-inch diameter clear view
gauge that is thought to be as accurate as the official NWS 8-inch diameter standard gauge.

This large number of high quality gauges made a remarkable contribution to the validity of
data collected about this storm. The unusually large number of privately owned high quality
rain gauges may have been the result of many years of promotion of volunteer weather
observing by Jim Wirshborn, Mountain States Weather Services. During the past twenty
years he has circulated dozens of the 4-inch diameter gauges in Larimer County. Credit could
also be given to the relatively large number of working or retired foresters and hydrologists in
this area, many with professional experience recording precipitation. But even low cost
calibrated gauges can provide fairly accurate information when read properly and mounted in
representative locations. For this reason, Colorado Climate Center personnel visited many of
the observing sites where very heavy rainfall amounts were reported in order to check and
verify the readings. Observers that were not visited were still asked to describe their gauge
location and potential obstructions. Some observations were found to be of poor quality or
low confidence due to close proximity to obstacles such as trees, fences and buildings.
Obstacles can either decrease or exaggerate rainfall totals depending on factors such as wind
speed, direction and rainfall intensities.

The Colorado Climate Center used the information about types and exposures of rain gauges
and other information about each observation to qualitatively assign a data quality evaluation
to each rain report. Excellent observations using quality gauges were assigned “A” status.
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At that time, 4:00 p.m. (1600 MDT), cloud masses began to bubble upwards forming towers
of billowing dark-bottomed cumulus clouds over the foothills northwest of Fort Collins.
Thunder began to rumble, and by 5:00 p.m., the first torrents of heavy rain poured down
northwest of Laporte. Close to 1.50 inches of rain fell in just over 30 minutes not far from
Ted’s Place (four miles northwest of Laporte), and another core of heavy rain fell farther
northwest beyond Livermore. Quickly the storm expanded southward, and within minutes
sheets of rain splashed onto Horsetooth Reservoir, hiding the foothills behind them. Thunder
crashed and storm clouds spread eastward and southward out across Fort Collins. People ran
for shelter expecting a downpour, but the heavy rains were limited to the lower foothills and
diminished quickly to the east. Except for extreme western Fort Collins, most of the city
received less than one quarter inch of rain, but near the south inlet bay of Horsetooth
Reservoir, 2.42 inches of rain was measured from this quick storm. These first heavy rains
were mostly over by 6:30 p.m. with only occasional sprinkles and light showers after that.
Damp, rain-chilled air spread out across Fort Collins, but thunder continued to rumble east
and south of town. Most areas of Loveland were drenched with one to two inches of
welcome rains before the storm diminished after 8:00 p.m.

This first round of thunderstorms was quite typical of late July. The storms developed and
struck quickly, with a commotion of lightning and thunder, only to end just as quickly. While
some areas were soaked, other nearby locations were nearly dry (Figure 7). This was just the
beginning, though. The air remained humid and fragrant. Instead of clearing off at sunset like
a normal summer evening, dense, dark clouds continued to hug the foothills and the
temperature remained steady. The air was still, and sounds seemed to carry a long way.

Around 10:00 p.m. (2200 MDT), a few flashes of lightning lit up the sky just south of Fort
Collins. As thunder rumbled, a brief shower of rain fell on some south-side neighborhoods in
Fort Collins. The rain began to spread northward, and a similar brief but localized shower fell
near Bellvue, but ended quickly. Perhaps 0.50 inches of rain fell from each of these showers,
but over very small areas. The rain and thunder ended, and most residents of Fort Collins
went to bed enjoying the refreshing dampness that summer storms bring — happy to know that
they could skip watering their yards or gardens for at least a day or two.

After midnight, southeasterly winds, behind the cold front that had triggered the evening
storms, increased and pushed more moist air up against the eastern foothills. Sometime
around 0100 MDT Monday, rain began again. Without the excitement and fanfare of
lightning and thunder, steady rains developed — not hard enough to wake most sleepers. At
first the rains were limited to a very narrow band right along the first hogback from the
southwest edge of Fort Collins northward to near Owl Canyon (15 miles northwest of Fort
Collins). For a few hours the rains intensified. Between 0200 to 0400 MDT rain fell over
much of eastern Larimer County. Rainfall rates in excess of one inch per hour developed
northwest of the town of Laporte while rates were much lower farther east. The rains
diminished again after 0400 MDT, and by the first light of dawn rain ended except in a very
narrow band along the foothills from southwest of Fort Collins northward over Horsetooth
Reservoir and then continuing northward approximately following U.S. Highway 287 to
Livermore. Residents of this area awoke to gloomy, dark skies. Water was standing or
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flowing in this hilly area, and rain intensity fluctuated from light showers to occasional
downpours.

Between 0600 and 0730 MDT, the rain tapered off along the foothills and stopped completely
elsewhere. Around 0800 rain began again. A brief but soaking shower caught many morning
commuters in Fort Collins, while to the northwest the heaviest rain of the morning began to
cause major flooding around Laporte. From southwest Fort Collins near Hughes Stadium
northward to Ted’s Place (northwest of Laporte), one to two inches of rain fell between 0800
and 0900 MDT. The area of heavy rain shrank after 0930, but remarkably heavy and highly
localized torrents continued northwest of Laporte until after 1100 MDT. People driving
northwestward out of Fort Collins were shocked to go from dry roads in town to pouring
rains and flood waters covering highways near Laporte — all of this without the
accompaniment of lightning or thunder.

The rains ended across all of Larimer County by noon, but not before six to eight inches of
early moming rain had fallen northwest of Laporte. North and south of this storm center,
three to six inch rain totals were common in the narrow band along and east of U.S. Highway
287 northward to Owl Canyon (15 miles northwest of Fort Collins) and south to Lory State
Park and Horsetooth Reservoir immediately west of Fort Collins. Rainfall totals dropped off
quickly to the east (Figure 8), but two to four inches fell over portions of west Fort Collins
west of Taft Hill Road. All of the Fort Collins area received some rain early Monday morning
but most totals were only 0.50 to 0.75 inches over the eastern half of the city. South of Fort
Collins in the vicinity of Loveland and Berthoud, only a few scant showers had fallen.

Many irrigation canals exit the Poudre River near Laporte. While the localized rains had little
effect on the morning flow rates on the main river, irrigation canals were a different story.
Headgates were shut early that morming, and still the ditches filled with runoff from the
Laporte and Bellvue floodwaters. Many downstream residents were surprised by the high
water, many of whom were not aware of the heavy rains near Laporte.

Skies remained cloudy over the Fort Collins area Monday afternoon. Clouds hung low along
the foothills, as steady southeasterly surface winds continued to push very moist surface air
into Larimer County. Dewpoint temperatures, a measure of the water content of the air,
stayed in the low 60s all day. With weather conditions not unlike those that preceded the
infamous Big Thompson flood in Larimer County 21 years previous, weather forecasts called
for “locally torrential rains.” Hallway, phone and e-mail conversations among climatologists,
meteorologists and hydrologists along the Front Range from Denver to Cheyenne speculated
on where the flash flood might occur this time. Weather forecasters familiar with Front Range
flash flood conditions knew that this situation was potentially dangerous. But with all the rain
that had already fallen, no one knew where or even if another flash flood producing storm
would erupt.

During the afternoon of July 28th, heavy thunderstorms began to develop west of Denver and
in other areas of the state. In eastern Larimer County, the first showers appeared around 5:00
p.m. (1700 MDT). They began innocently enough — brief showers moving from south to
north with little or no lightning and thunder. Just before 6:00 p.m. (1800 MDT) the first wave
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of heavy showers moved into Fort Collins. Like the early rains, these evening showers
seemed to hug the base of the foothills. The rains increased in both area and intensity between
1800 and 1900 MDT with hourly accumulations of close to one inch in southwest Fort
Collins, but with lighter rains over most of the Fort Collins area from the lower foothills out
onto the plains. A few bolts of lightning accompanied these rains, but electrification was
surprisingly little considering the intensity of the rains. Unlike so many Colorado storms, no
hail was reported. Many individuals independently noted how warm the rain seemed.
Raindrop sizes were not large, considering the intensity of the rain, and no strong winds
accompanied the rains — at least not in the immediate Fort Collins area. One report of strong
winds blowing out of the north (out from the storm center) was filed by a weather watcher a
few miles northwest of Loveland.

Extreme rainfall rates may have begun earlier, but the first burst to reach the recording rain
gauge at the Atmospheric Science Department on the Foothills Campus of Colorado State
University (extreme west Fort Collins just east of Horsetooth Reservoir) began shortly before
7:00 p.m. (1900 MDT). For a few minutes, rainfall rates approached three inches per hour
and then tapered off again. Surges of extremely heavy rains seemed to emanate from
southwest Fort Collins and spread northward in waves over the west side of the city. Heavy
rains also reached northern portions of Fort Collins and continued northward into the county,
while only light to moderate rains were observed over southeast Fort Collins.

Lightning activity increased around 2000 MDT as heavy rains continued to fall. What began
as minor street flooding became increasingly more serious over the western half of Fort
Collins as the downpours continued. Then for a few minutes parts of town experienced a lull
in rainfall intensity before 8:30 p.m. (2030 MDT). Soon after that, the rains let up or ended
completely just a few miles south of town, in the vicinity of Masonville southwest of Fort
Collins and over southeastern portions of the city. At the same time, cloud watchers east of
Fort Collins noted the storm clouds that had seemingly been spreading eastward and
northward appeared to retreat back towards the west and condense into a small but ominous

cloud mass over and west of the city.

Most summer thunderstorms would have begun to dissipate or move away by this time, but
this storm was an exception. Instead of weakening, rainfall intensities increased again, and the
most intense rains were still ahead. From about 8:30 to 10:00 p.m. (2030 to 2200 MDT)
extremely heavy rain, of a magnitude rarely experienced in northern Colorado, was localized
over an area of a few square miles centered not far from the corner of Drake Road and
Overland Trail in extreme southwestern Fort Collins. Based on a variety of individual
observations and numerous reports of over-topped rain gauges, it appeared that rainfall totals
for this 90-minute period approached or exceeded five inches over the approximate area
delineated by Taft Hill Road on the east, the crest of the hogback formation that forms the
eastern edge of Horsetooth Reservoir on the west, the western extension of Horsetooth Road
on the south and approximately Elizabeth Street on the north (see Figure 13). This area
includes much of the Spring Creek watershed. Maximum instantaneous rainfall rates likely
exceeded 5-6 inches per hour at times. With these extreme rainfall rates falling on a surface
already covered with flowing water, incredible volumes of water accumulated that moved
downhill from approximately west to east across Fort Collins initiating the devastating
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flooding. Other reports are being written by hydrologic experts that focus on the flooding
produced by this remarkable rainstorm.

Mercifully, the rains came to a sudden halt. In southwest Fort Collins near Harmony Road,
eyewitnesses reported the rain ended abruptly a few minutes before 10:00 p.m. (2200 MDT).
Farther north along Drake Road the rain ended just after 10:00 p.m. On the campus of
Colorado State University, the rain ended right about 10:30 p.m. (2230 MDT) while in
extreme northern parts of the Fort Collins area, lighter rains continued until at least 11:00 p.m.
(2300 MDT). As the rain ended, a cool, damp stillness again covered the area, just like the
night before — except for the sounds of sirens and the roar of local flood waters searching for
a path to the Poudre River. Some distant lightning flashed, but the Fort Collins storm was
over.

The rainfall pattern from the July 28, 1997 evening storm over eastern Larimer County is
shown in Figure 9 with an expanded view over the immediate Fort Collins area in Figure 13.
Compared to many U.S. storms, the rains that produced the severe flooding in Fort Collins
were remarkably localized. The heaviest documented rainfall totals exceeded ten inches in
less than five hours and were found in extreme southwest Fort Collins. An extremely tight
rainfall gradient was observed southeastward from the storm center, with less than two inches
of rain reported less than three miles east and southeast from the maximum. This is an
excellent demonstration of the huge variations in rainfall over short distances that are possible
with summer convective storms.

The core of the heaviest rains was immediately east of the hogback that marks the beginning
of the foothills and serves as the eastern bank of Horsetooth Reservoir. The band of heaviest
rains reached northward from the storm center toward the towns of Laporte and Bellvue and
remained oriented parallel to the foothills. This positioning strongly suggests that topography
played an important and perhaps controlling role in positioning this storm. North of Fort
Collins, the rainfall diminished and spread out, but a secondary rainfall maximum was
observed in the upper Boxelder watershed east of Virginia Dale.

Total accumulated rainfall for the period beginning at 1600 MDT on July 27, 1997 through
2300 MDT July 28 is shown in Figures 10 and 14. While probably not a coincidence, it is still
quite remarkable that each episode of heavy rain during this 31-hour period produced its
maximum rainfall totals right at the base of the foothills. As a result, the accumulated totals
look very much like a single storm rainfall pattern. Three separate maxima appear on the map
all in a similar location with respect to the local topography: 1) a 14.5 inch total in southwest
Fort Collins produced primarily by the July 28 evening storm but with significant contributions
from both the Sunday evening and the Monday morning rains, 2) a 13.1 inch total northwest
of Laporte produced primarily by the momning rains July 28 but with contributions from the
two other major rainfall periods, and 3) A total of over 12 inches near Claymore Lake
northwest of Fort Collins which coincidentally received nearly the same amount of rain both
Monday morning and then again Monday evening.
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‘The composite rainfall pattern shows that rainfall totals exceeded ten inches over an area
approximately 12 miles long and two to three miles wide for a total area approaching 30
square miles.

Historical Perspective

State and Regional perspective

Extreme rainfalls in excess of ten inches in 24 hours or less in Colorado are rare but not
unprecedented. Just two months prior to the Fort Collins storm, the Colorado Climate Center
completed a study of extreme precipitation in Colorado (McKee and Doesken, 1997) for the
Colorado Department of Natural Resources, Division of Water Resources. This study
identified twelve events during the Twentieth Century that most likely produced ten or more
inches of rain and caused extreme flooding along the east slope of the Rocky Mountains
(Table 6). This list included three storms in similar topographic regions outside of Colorado
such as the Rapid City, South Dakota, storm of June 9, 1972.

Table 6.
Chronological List of Extreme Rain Events on the “Front Range”®
during the Twentieth Century (from McKee and Doesken, 1997)

Maximum
Storm Date Precipitation
Livermore/Boxelder May 20-21, 1904 8+ inches
Pueblo/Penrose June 2-6, 1921 6-12"
Savageton, Wyoming Sept. 27-29, 1923 17
Cherry Creek/Hale May 30-31, 1935 12-24"
Northern Colorado Front Range Sept 2-3, 1938 6-10"
Rye (Southern Colo Front Range) May 18-20, 1955 6-13"
Gibson Dam, Montana June 6-8, 1964 16"
Plum Creek June 16-17, 1965 14 -16"
Big Elk Meadows May 4-8, 1969 6-14"
Rapid City, South Dakota June 9, 1972 15"
Big Thompson July 31, 1976 12
Frijole Creek July 2-3, 1981 8-16"
Fort Collins July 27-28, 1997 14.5"
Pawnee Creek July 29-30, 1997 15.1"

The Fort Collins storm was smaller in area than several of these earlier huge rains. For
example, the storm(s) of June 1965 struck several portions of eastern Colorado and caused
widespread severe flooding. The Fort Collins storm, however, was of sufficient short-term
intensity, and the combined precipitation from the earlier rain episodes during the 24 hours
preceding the final downpour were sufficiently great, to place this storm on the list of most
extreme Front Range rain events of the century. Prior to the Fort Collins storm, it had been
16 years since the last giant rainstorm. The Frijole Creek storm occurred near Trinidad,
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Colorado July 2-3, 1981, but fell over a largely unpopulated area. Based on observed
floodwaters, maximum rainfall of up to 16 inches in less than six hours was estimated. In
contrast, much of the Fort Collins storm occurred over heavily populated areas. By all
indications, this is the largest rainfall ever documented over a developed urban area in
Colorado.

Remarkably, just 24 hours after the Fort Collins storm, another huge rainstorm developed.
The Pawnee Creek storm developed over eastern Weld County and western Logan County
during the evening of July 29, 1997. By the time the rains ended early on July 30th, more than
15 inches of rain had fallen near the storm center. Rainfall rates were comparable to the Fort
Collins storm but the storm was several times larger in area. As a result, the Pawnee Creek
storm will rank near the top of the list of Colorado’s most extreme rainstorms.

It is interesting to note that three of the largest historic storms identified in the McKee and
Doesken study occurred in Larimer County:

o Livermore/Boxelder (North Fork Poudre River and Boxelder Creek) May 20-21,
1904. Few rain measurements were available, but 8.00 inches was measured and
heavier rainfall totals were likely.

o Redstone Canyon, September 2-3, 1938. 6-10” estimates (Very heavy rains were
observed along the Front Range from west of Denver northward to Fort Collins and

adjacent foothills.)

¢ Big Thompson Canyon, July 31, 1976. 12” in less than 6 hours with 139 confirmed
fatalities.

All three of these storms produced severe flooding, but the Big Thompson flood claimed by
far the most lives. In terms of meteorological conditions, the Big Thompson storm seemed
similar to the Fort Collins storm. However, since it occurred over mountainous terrain, the
floodwaters were funneled into a single steep-gradient channel therefore concentrating
damage and fatalities.

Local Perspective

How often in the past has Fort Collins experienced extremely large or intense rainstorms?
Was this a 100-year storm, a 500-year storm or worse? These questions have been asked
countless times by those experiencing the flood and those planning for the potential for future
floods. Fort Collins is fortunate to have an excellent source of data for historical analysis and
comparison. Daily weather observations have been taken without interruption since 1889 on
the campus of Colorado State University. Several analyses have been conducted in order to
define what place in history this recent rainstorm deserves.

As we interpret these results, it is important to note that a single measurement point in the
middle of town may not accurately reflect the amount of rain that may have fallen in other
parts of the city. Just as we experienced in the July 28, 1997 storm, in nearly every storm
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some parts of town may get more rain while others get less. If storms are randomly located,
over the course of many years these variations will average out so that the campus data will
provide representative information for all parts of the city. In the case of Fort Collins, which
is situated such that the foothills and mountains rise abruptly just west of the city, storms may
not be randomly located. However, there is no other consistent long term data to compare to
at this time.

The following analyses are based on daily rainfall observations taken each day at 7:00 p.m.
(1900 MST, 2000 MDT when daylight time is in effect). Table 7 shows the greatest daily
precipitation totals since 1889. Table 8 shows the greatest 2-day totals. Keep in mind that
daily measurements through history have been taken at the fixed time of 7:00 p.m. MST (8:00
p.m. MDT). Ifit happens to be raining at the time of observation, rainfall from that storm will
be split between two daily reports. That was the case with the July 28, 1997 storm. Most of
the rain fell after the 8:00 p.m. (2000 MDT) observation, and that rain appears on the
climatological report for July 29.

There are many ways that heavy rain can fall, and not all of the heaviest storms (in terms of
total rainfall) ever caused significant runoff and flooding. Some of the heaviest one and two-
day storms partially fell as heavy, wet snow. To more thoroughly describe and historically
document the heaviest precipitation events, a brief description of each storm from Table 7 and
Table 8 is recorded in Appendix C.

Table 7.
Greatest one-day precipitation totals measured at the Fort Collins weather station on the campus
of Colorado State University for the period January 1, 1889 - December 31, 1997.
(All totals are for the 24-hour period ending at 1900 MST on the date indicated.)

Precipitation Date of
Rank Total (inches) Observation _Remarks *
1 463 July 29, 1997 Flash fiood, 5 killed, most fell in less than S hrs
443 July 25, 1977 Rain, most fell in 15 hours
3 4.34 September 21, 1902 Rain, intense at first, then gentle
4 354 September 3, 1938 Cloudburst, flooding west of town
5 3.54 June 4, 1949 Steady rain but not too intense
6 3.48 March 6, 1990 All snow, heavy and wet, 12.4 inches
7 3.21 May 13, 1961 Steady rain changing to snow
8 3.06 May 13, 1982 Long and steady rain
9 3.02 August 3, 1951 Very intense rain, fell in less than 4 hours
10 3.01 May 2, 1904 _Long and steady rain
1 2.98 August 4, 1951 Very intense rain, fell less than 4 hours
12 2.97 June 8, 1974 Rain, steady but briefly intense
13 2.85 July 9, 1918 Probably intense rain
14 27 June 17, 1965 Brief but intense rain
15 2.69 June 16, 1963 Widespread steady rain
16 258 August 19, 1961 Steady rain changing to snow
17 249 June 24, 1992 Heavy thunder and hail, fell less than 1.5 hrs
18 -2.40 June 11, 1970 Long and steady rain
19 239 April 29, 1900 Mixed rain and snow, long and steady
20 2.32 May 22, 1901 Heavy rain and hail

* Expanded descripition of each event is given in Appendix C.
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Rainfall amounts for the storm of
July 27-28, 1997

1. Observer Information

Name

Phone Number

Address

Location

Email Address

2. Rainfall amounts

Date Time of Observation Rainfall Total

Storm Total

3. Type of Raingauge

4. Other remarks/observations
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Description of largest recorded precipitation events as measured on the campus of
Colorado State University from 1889 through 1997. Events are listed in chronological

order based on the dates on which the rainfall were reported. Remember that the official
climatological day for the CSU weather station ends at 1900 MST. Therefore, rains that
fall between 1900 and midnight are reported on the following day.

Most descriptive information was obtained or inferred from data and remarks recorded by
CSU weather observers. Larger events could have occurred in the Fort Collins vicinity
such as the May 20-21, 1904 storm in northern Larimer County, but these storms did not
produce heavy precipitation on campus.

April 28-29, 1900 2.39 inches in one day, 3.09 inches in two days

Some fairly heavy showers accompanied by hail began late on the afternoon of April 27.
Lighter intermittent showers on the 28th turned into a hard, steady, cold rain overnight on
the 28th, all day on the 29th and then turned to snow before finally ending around 8 a.m.
on the 30th. Total precipitation for the entire storm period was 4.77 inches in 54 hours
with 2.89 inches falling from 7 p.m. on the 28th until 8 a.m. on the 30th. This was clearly
a major “upslope” storm, and it is likely that precipitation was heavier west of campus but
likely fell primarily as snow immediately west of Fort Collins in the lower foothills. Asa
result, foothills flooding was unlikely. However, since most of Larimer County had
already been extremely wet in the weeks preceding this storm, standing water and low-
level flooding was a distinct possibility east of the foothills.

May 21-22, 1901 2.32 inches in one day, 3.70 inches in two days

The rain began around 4:30 p.m. on the 20th as an intense thunderstorm accompanied by
hail. 1.90 inches fell by 7 p.m. with an additional 1.34 inches by about 8:30 p.m. for a
total of 3.24 inches in just over four hours. Very little rain fell during the day on the 21st,
but another burst of heavy rain and hail developed during the evening of the 21st with an
additional 2.36 inches in roughly four hours. In all, 5.60 inches of rain fell in less than 48
hours (spread over 3 observational days) at the campus weather station. No information
was given on how much rain may have fallen in surrounding areas near Fort Collins, but
the intensities of these back-to-back storms were likely sufficient to produce significant
runoff.

September 20-21, 1902  4.34 inches in one day, 6.22 inches in two days

Intense rains began over Fort Collins around 5 p.m. on the 20th. 1.88 inches fell by 7 p.m.
that evening with an additional 2.72 inches by 7 a.m. on the 21st. Thereafter, the rain
diminished into a steady, cold rain with another 1.62 inches by 7 p.m. and 0.62 inches
more by the time the rain stopped around noon on the 22nd for a storm total of 6.84
inches. No information was located describing rainfall amounts elsewhere in the vicinity
of Fort Collins.
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May 2-3, 1904 3.02 inches in one day, 3.80 inches in two days

A chilly, light rain began afternoon on May 1 and increased to a steady, moderate rain
overnight. The intensity increased during the day on the 2nd as 2.31 inches of rain
accumnulated in the 12-hour period from 7 a.m. to 7 p.m.. The intensity decreased, but an
additional 0.76 inches fell overnight. The rains, ended early on the 3rd. While there was a
large accumulation of rain, there was no indication of intense, convective storms. Overall,
this storm appears to have been a widespread, beneficial soaking rain.

Special note: 17 days later, a very heavy storm north-northwest of Fort Collins produced
a major flood on the Poudre River and several of its tributaries.

July 9-10, 1918 2.82 inches in one day, 2.99 inches in two days

Little was said about this storm, and the written weather reports for the campus weather
station were difficult to decipher. Most likely there was a very intense thunderstorm late
on the 8th with high rainfall rates for a short period of time followed by light precipitation
continuing on and off on the 9th. No information on rainfall patterns elsewhere in the Fort
Collins area were obtained, but it might be worth checking newspaper accounts to see if
any flooding was reported in the vicinity.

September 2-3, 1938  3.54 inches in one day, 4.68 inches in two days

Rain developed in the region late on August 31 with intermittent heavy showers on the 1st
and 2nd. Intense rains began late afternoon on the 2nd in the foothills west of Denver
northward to west of Fort Collins. Heavy rains expanded eastward across Fort Collins
during the evening with 1.14 inches measured on campus by 7 p.m. on the 2nd. Heavy
rains continued overnight with an additional 3.54 inches reported at 7 p.m. on the 3rd but
likely most of that fell during the evening of the 2nd and then tapered off to lighter rains.
All indications suggest that rainfall totals were heavier to the west. An official weather
station near the mouth of the Big Thompson Canyon measured a storm total of 8 inches.
Severe flooding was reported on Spring Creek, Buckhorn Creek, and Redstone Creek, as
well as other rivers and streams along the Front Range southward to Denver.

October 16-17, 1942 3.32 inches in two days

More than two inches of rain had already fallen October 12-14, so ground conditions were
already very wet when heavy rain began to fall early on the 16th. During the most intense
rain period on the 16th, 1.49 inches was reported in one hour. This is a very heavy rainfall
rate for so late in the season. Lighter precipitation continued into the early morning of
October 17th with a storm total of 3.32 inches in less than 30 hours. The spatial pattern
of this rainfall is not known, but some potential for flooding existed.
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June 16-17, 1965 2.71 inches in one day, 2.86 inches in two days

Fort Collins got only a small taste of the torrential rains that fell in many areas of eastern
and southeastern Colorado during mid June of 1965. After ten days of showery weather,
a brief but intense downpour dropped 2.71 inches with 2.31 inches falling in just one hour.
Heavier rains were reported elsewhere in Larimer County, but the locations of these
heavier rains were not described.

June 11-12, 1970 2.40 inches in one day, 2.96 inches in two days

Steady, hard rain began during the evening of June 10th and continued all day on the 11th
ending early on the 12th. Rainfall rates were not intense, and temperatures with this storm
were very chilly. No spatial rainfall patterns were available showing rainfall totals
elsewhere near Fort Collins. However, soaking, beneficial rains were widespread over
northeastern Colorado.

June 8-9, 1974 2.85 inches in one day, 2.89 inches in two days

Chilly, light rain began during the evening of June 7th and became heavier overnight with
a 6-hour accumulation of 1.58 inches. Steady, soaking rains then continued throughout
the 8th and tapered off. Intensities were too low to produce significant flooding. No
information was obtained to describe rainfall patterns elsewhere in the Fort Collins area.

May 28-29, 1975 3.27 inches in two days

Rain began very late May 27th and continued all day on the 28th and ended during the
afternoon of the 29th. A wonderful, soaking rain but intensities were only moderate with
a maximum 6-hour total of only 1.00 inches. No information was obtained to describe
rainfall patterns elsewhere in the Fort Collins area.

July 24-25, 1977 4.43 inches in one day, 4.76 inches in two days

Late evening thunderstorms erupted July 23rd north and west of Fort Collins with locally
heavy rains. Rains developed in the foothills west of Fort Collins again on the afternoon
of the 24th. Heavy rains began over Fort Collins around 8 p.m. and continued well past
midnight with 2.59 inches on campus by 5 a.m. on the 25th but with 3-5 inches in areas
east, west and north of the city. Another period of heavy rain fell over the city from

7 a.m. to about noon on the 25th with an additional 1.84” on campus and slightly more in
some other parts of town. This rain episode was more localized in the immediate Fort
Collins area.
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May 12-13, 1982  3.17 inches in one day, 3.99 inches in two days

Steady, pouring cold rains began on the 12th and were heaviest overnight into the early
morning on the 13th. Hourly rainfall rates, however, were not extreme. This was mostly
a good soaking spring rain. No information was obtained regarding rainfall totals
elsewhere near Fort Collins, but heavy rains were widespread.

March 6-7, 1990  3.48 inches in one day, 3.83 inches in two days

Evening rain and thunder March 5th turned to wet snow and snow pellets which continued
into the evening of March 7th with a total of 17 inches of dense snow reported. The
heaviest precipitation fell during the day on March 6. Traffic came to a near standstill, and
some roofs bent or collapsed under the load. This storm produced the greatest water
content ever observed in Fort Collins in one day in the form of snow. The three-day total
for this storm was 4.17 inches. Extremely heavy snowfall amounts in excess of 50 inches
were measured in the foothills immediately west and northwest of Fort Collins causing
considerable tree damage in some areas. Water contents in the foothills were about the
same as in Fort Collins, but the snow was less dense at higher elevations.

June 24-25, 1992  2.49 inches in one day, 3.03 inches in two days

A ferocious but brief storm accompanied by heavy rains, frequent lightning, hail and
strong winds lasted less then 90 minutes mid afternoon on June 24th. 2.49” was recorded
on campus, but precipitation was likely more as some windblown hail bounced out of the
gauge. Rainfall was heavier one to three miles northwest of campus. In the vicinity of
Taft Hill Road and Vine Drive, 3.5 inches of precipitation was reported. Local flooding
occurred and would have become severe had the rains continued. Rainfall totals
diminished greatly south from campus. Another moderate shower fell on the afternoon of
June 25th.

July 28-29, 1997 4.63 inches in one day, 6.17 inches in two days

Rains began July 27th early evening with light rain in town but with significant rainfall of 2
to 9 inches near the foothills overnight through midday July 28th southwest through
northwest of Fort Collins. Very intense rains fell during the evening of July 28 over -
western and central Fort Collins causing severe flash flooding and five fatalities. As much
as 10 inches fell in less than five hours 3-4 miles southwest of campus. The maximum
observed rainfall was 14.5 inches in approximately 30 hours 3-4 miles southwest of
campus. Ten inch storm totals were common near the base of the foothills.
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