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What- People Did During the Big Thompson Flood* '

The Lar1mer County Sheriff's Department and severa1 canyon

| res1dents estimate that more than 2500 peop1e were in. the B1g Thompson

Canyon the night of the flood, July 31, 1976 These included 600 fu]l-

time residents,, approx1mate1y 1200 part ~time reSTdents, and many tour1sts

Oné hundred thirty—n1ne people died in the flood and several are_st111
missing. |

The'pureOSe of this-study Ts to analyze the behavior patterns

~ which were adopted at the time of the flood, and to app?y'that kn0w1edge

to the 1mprovement of warning system des1gn for Front Range commun1t1es

'vu]nerab1e to f}ash flooding. Compar1sons are made between the act1ons

of the survivdrs‘and non-survivors and the warned and non-warned,popuf
lations. Variables which infTuenced the thoice:of aetinnvare examined.
These Variables'jnclude 10cation prior to the ftape,.aetien taken _group.
COnteXt,j]ecatipn‘ﬁn the canyon, kind'of warning recetved (1f any), and
number Qf:peehle in a group. Warning character1st1cs such as source,
mode, number andhcontentlare also discussed. | .

Information was obtained through informa] Tnterriews‘nith eanyon"

res1dents, county off1c1als, relief agency personne1 and out-ofustate i

‘residents who were. visiting the canyon at the time of the f]ood

Addit1ona1.lnformat10n was available in newspaper accounts, government

-agency reports and in literature on flash floods and warning systems.

The resylts indicate that climbing the canyon wall was the best
action to have adopted, and that doing nothing different or taking no
action at all were the worst in terms of survival chances. Those who were

driving alone through the canyon ran the highest risk.

* Research. for this paper was funded by Denver Urban Dra1nage

"and Flood Control. District. The v1ewpo1nt of this study is that of

the author and does not reflect the opinion of the Urban Drainage and
Flood Control District.
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Recommen&ainns for avoiding such a catastrophe?in the next
flash flood include the installation of signs through cahyohs with
specific'jnstructiohs for action in the event of a f]ash:flobd warning,
ﬁigh water‘of heavy rain, and'improved pub?ic‘educatidn;for_heightening

awareness of flash flood potential and possible adjustments to the hazard.
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TNTRODUCTION

- On July 31, 1976, the Big Thompson_canyon,ﬁas'fi}]éd with
tourists. It wéé’the Saturday of the weekend commehoréting Colorado's
Centehnia] and thé 1ast holiday weekend before the sﬁart of schob].
That n1ght a f1ash f]ood ravaged the canyon,lcaus1ng the worst d1saster
in terms of the number of lives 1ost in Co1orad0 state hlstory

| This. study ana1yzes behav1or patterns durTng the Big Thompson

Canyon F]ood in order to assist in the des1gn of warn1ng systems for

Frqnt Range commun1t1es vulnerable to f]ash-f1ood1ng. It is one of

the few efforts to determine with some precision the actions taken

during a,f]ash:fIOOd, qharacteristics which may influence the choice

. of {hoseuactions,-and the re}ationShip.between'pafticuqu actions and

- survival,

The Big Thompson Canyon is one of the more scenic in the Rocky:

Mountain region, U;S._Rdufe 34 runs thrbugh3the'canyon5'adj§cent to

the river in many spots.' It is the main Tink between the’plains;_near 

Loveland, and Rocky Mountain NafionaT'Pakk.‘ Before the flood, the

full-time canyon population was ‘600 and: the part4time'residents numberéd‘_‘f

Fid

approximately twice that,, There were many tourists-attracted_by the
trout f{shino, streamside motels and'campgroundsu
There are three major commun1t1es in the 25-m11e canyon. West

from Loveland they are 1) Cedar Cove, just above the Narrows, 2) Drake,

the- 1argest commun1ty, 1ocated at the confluence of the North Fork and

ihe Main Fork of the Big Thompson; and 3) G]en Comfort. One commun1ty on

the North Fork of the Big Thompson, Glen Haven was aIso affected by the

f]ood. F1gure T shows the relative 1ocat1ons of these communities,



. C(S37IW §2 SI HLONAT NOANVD)
NOANYD NOSAWOML 918 NI SIILINNWWOD 40 NOILYd0

L 3¥N914

“,:_&m Wya .
. : § . .
= iy R | $2]
-h e, - ) E.z_o:q; 3G GNOH1Y38 H
o - 1804WO0 N3T9 =

. E.l‘.l



Y

"According to the National Oceanic &‘AtmoSpheric'Administrétion

(NOBA) report on the Big Thompson flood (1976);'heavy:rain'feli over a

70 square'mile area in'the central portion of the_Btg Thempéon_natershed

_between 6:30 and .11:00 PM dn_Ju]y'31,.1976{ The most -intense rainfall,
';over'ié'inches; fell over"sTopes in the western end of the canyon.

F1gure 2 shows the distribution of raln that night in the canyonn _

The impact of the flood could have been” worse. The North Fork peak

streamflow occurred approximately 40 mindtes later than_the Main Fork

peak. If the. two peaks had co1nc1ded the peak streamf]ow would have

been much greater than the 31 200 cub1c feet per second (cfs) officially

recorded at the-mouth of the canyon (U S. Geological Survey 1976' 5).
One hundred th1rty -nine peop1e died in the f]ood e1ghty-ewght

peop1e were 1nJured, and six people are still m1ss1ng * Accord1ng

to the Geological Society of America ‘report’ (1976 4}, the f]ood .destroyed

316 homes; 45 mobile homes and 52 businesses, and 73 hqmes_sufferede,gx

.major damage.

" THE WARNING EXPERIENCE

a _ - o ' "
* The: NOAA report following the flood (1976) discusses the warning

. .process and the difficulties met with by Denver staff meteorologists trying

to determdneAthe situation in the vicinity of the Big Thompson Canyon

prior to the flood. The meteoroTooistsrhad Tittle Tuck in locating in-

formation on the situatidnt' According to several of the’ deputles and

highway patronen who issued warnings, most of the people in the Big

.Thompson Canyon July 31, 1976 were not’ warned off1c1a11y.' The person-

,’to-person warning concentrated'pn the area at'the,mouth df the canyon.

~ *Some officials estimate that there are still 25-40 bodies
buried in the debris which will never be found.



B
2
5

North Fork

L

Bigz T'hom pson
- Iiver

o Bewnedury
of Droainage

," rear

=== Heavy runoffaren

determined by USGS

O 5 o

P e e |
Statute Miles

e

FIGURE 2

TOTAL PRECIPITATION (IN INCHES) JULY 31 - AUGUST. 2, 1976
Based on Climatologic Network and
Supplemented By Unofficial Precipitation Reports
(From NOAA, 1976:3, Including Revisions of April 1, 1977)
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" flash flood situetton.'(it'held through the flood, though the base

de'patﬁonen'ﬁere in the vicinity of Drake trying to keep traffic from -
travelling up the canyon and to encourage people to.élimb‘to higher ground.

Though the focus of this paper is the action taken rather than a systematic

exaination of the warning system, the following account’of the types

of.warnihgs jssued prior to the f]oed'may shed_seme Tight on-the_s{tuation;

prior to flood impact.’ |
The Colorado State Patrol in Estes Park received word of traffic

tie-ups in the canyoh around 7:30 PM. This was not unusual for e‘weekehde

evening in the canyon. The patrolman went to check out the prob]em

7 1/2 miles dewn'the canyon. He reported on the rad1o that there were

trees, mud.énd rdcksbeocking'U.S. Highway 34. Fo]Tow1ng an 8:45 PM
messageﬂqf'flodding from the patro]ﬁan:near Estes Park,'the LatimeEVCoUnty‘

Shefﬁff's_Departﬁent'and the State Patro]‘began-intehsive warnings of

'cemegrqunds and‘mbterists. At that time the patro]man adv1sed that warn1ngs

be.isSued'down:the.cahypn. At the Tower ‘end of the. canyon iwhéra it

wes nqt?rainihg; 1t_seemed hard to believe that a flood was poss1b1e;

Even some of the deputies'whq were responsible for warning others thought
thegdiympus"Dam near Estes Park.must have broken in otdef to cause a

)
suffered some erosion dur1ng the: storm.)

Severa1 m11es up the canyon Just to the west of the Narrows, the

commun1ty of Cedar Cove sits below the road and,adJacent-to the river.

Thisrarea received warnings from a sheriff's deputy, a highway patrolman',

who 1ater lost h1s I1fe near Drake, a member of the LoveTand police

'department and a: pr1vate c1t1zen
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- warn people of riﬁing water and possib]e.f]oodihg. He'instructed them to

Ten-peop]é were at the Covered Wagon Cafe just onEIMi1e_west‘of
Cedar Cove. The customers finished their meal and started up the canyon.

When rbCksTides'prevented their passage_through to Dfake.théy'rEtUrned

" to the restalrant. -One waitress had been sent home early because the

-bridge;]eadfngito_her-home across'the‘river_was notoriously low. The

propffetqr thoﬁéht it wise for her to get homembefofe‘thé water rose
too high.. The_people in the restaurant did not receive an official

warniﬁg, but the water was rising in front of the restaurant. Every- -

" one moved te the proprietor's house adjacent to thé restaurant. - When

the waitress who.left early reached her home, she called the réstaufant

to tell them she was safe. While she was.on.the phone, therpfoprietorfs

-.homé_and restaurant were washed away. A1l who were,in the home wére

swept. to their deaths.
- - At the Canyon Inn néar'Cedaf Cové approximately 20,pé0p1g,1nc1uding
empioyees'and guests; were:convérsiﬁg-about how sTow:pusineSs‘was_thaf

niéh;. _No one had an explanation for this‘untiT reporis were receijved

. that landslides and rockslidés had occurred west of fhe,restaurant. At

uapbroximate1y 8:30 PM, a sheriff's deputy came into the restaurant to

el

cross the ﬁiVe%‘and.c1imb up the mountainside. The people took no action

in response to this warning. Twenty minites later he returned with the

_ messagé that the dam at Estes Park had broken and thé people in the

restaurant Shoqld crosé the river and climb jmmediateﬂy. People did

_.re§pond fo this second Wdrhing. Some drove out of the canyon, and others

climbed as instructed. The water was three and one half feet deep in

Vthe'&estaurant soon after the warning. Some perceived no danger from

a.f1asﬁ flood warning yet responded quickly to the message that the
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dam at ESteslﬁark“had hroken This adapt1ve act1on may be 11nked to-

the extens1ve media coverage of the Teton Dam co]1apse in Idaho five

'weeks before the B1g Thompson f1ood Ear11er in the even1ng 1t had

been S0 dry in Cedar Cove that people reported hav1ng watered the1r ‘

_1awns

One sherwff S deputy 1nvo]ved 1n the 1ssuance of warn1ngs ex-

p1a1ned how patro] cars c1rc1ed two or three times 1n one campground

'w1th 10ud speakers Some peopte responded 1mmed1ate1y, 1nc]ud1ng a ..

coup1e who remembered the Rap1d City flood of 1972 Others responded
fo]low1ng the‘second and th1rd'warn1ngs.' At ]east two people did not-
move from their camping spot and were among the victims.

_'Drake,:at the confluence of the North Fork_andtthe'Big'Thompson;

" was hit hardest by the flood.. For most people there, the only warnings o

¢ame frOm environmental cues: the riVer,rising, the Severity of‘the

ra1nfa11, or a change in the sound of the r1ver ~ One state patro]man was -

was not1f1ed of the prob1em caused by r1s1ng water west of Drake _ He E

adv1sed severa] peopTe at Drake to drive. down the canyon rather than try

to dr1ve up He had no 1dea-what the eventual impact of therf1ood down-

fstream would be. It is not known how many peop]e d1d try to dr1ve down . . 2i"

_ or what happened to them

One coup]e he warned were return1ng from an even1ng 1n Estes Park.

- They thought he was exaggerat1ng the SEFTOUSHDSS of the s1tuat1on when .

dhe ton them to get out of the1r car and c11mb They d1ed in the fTood

At Teast one couple at Walton1a had deve]oped a personaT cont1ngency.

p]an 1n the event that the dam at Estes m1ght one day fa11 They were
hso accustomed to the usua1 ‘sound and he1ght of the river that as soon

Cas the sound not1ceab1y changed,-they responded to this environmental __“
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~ cue and cTimbed the mountain. ‘Sixteen:peop1e'died in two separate'motels
. at Waltonia. The only warntng reported was an unoff1c1a1 one from a’

motel manager. Some peopTe managed to escape, in cars, down the canyon,

others. climbed u up the mountainside. Deta115 of the s1tuat1on in Waltonia
are difficult to ascerta1n since nE1ther the motel owners nor their
fam111es surv1ved the flood. |

In the Cedarmont and 7 Pines area near G1enﬁComfort, no warnings'
were reported to have been received, At one of the fonrfmote]s.located

in this area, a'fami]y had just taken a room. Because it was raining 50

hard, the propr1etor invited the fam11y inside for coffee and cookies.

They accepted the invitation and 1eft the1r be]ong1nqs in the car, p]an-

| ning to move into the1r room when the rain let up. Th1s family was-in

'the Big Thompson Canyon only. because they could not f1nd a motel room in

Estes Park . As they consumed the treats provided by the proprwetor of
the mote1 the river got Touder and seemed to be gettung closer. After

a coke mach1ne f]oated by and water began seep1ng under the door, the

.father in the fam11y dec1ded it was time to move to htgher ground. The

only steps_to'the-upstafrs pontion of the motel werelon'the outside of

the building. S1nce he cou?d not get outs1de safe]y, he cut a hole in

el
_ the sheetrock ce111ng and the wood fToor abOVe Ris family, and that of
the proprietor, climbed out of the motel. They spent the rest of the

©night on. the mountainside. The motel was not washed away, but the _

water rose foor feet and the damage to the building exceeded 50%,bf
1ts totaT worth - |
At 7 P1nes Mote], $iX m11es from Estes Park, two peopTe from Oh1o

were: camp1ng Ear11er that day their t1re needed f1x1ng, and one of the

-campers had Just returned from Love]and where he had it repa1red It

was ra1n1ng so hard that they moved the1r camp1ng gear 1nto the car and

sat ]1sten1ng to the radio. when the car began f1oat1ng away, they were



abTe to-move it to higher ground w1th cons1derable effort - When they

checked w1th a nearby moteT office, the manager sent them back down

toward the river .to try to rescue two young women in- a streams1de cab1n.

In order to get to the cab1n they had to cross a 1ow f]at area when.a_-
| they saw awall’ of water‘rush1ng down the canyon they cTung to a nearby'

' car. - When it began float1ng away, they grabbed a shrub which aTso was
.underm1nedAby_therwater They were holding onto a p1ne tree when the
ycabin was ewept-aWay‘ One of the young women managed to get out of the N

cabin and he1d on to a tree downstream | The‘other_one‘was_crushed~1n;“

the cab1n The two young men survived. T '_ | |
L Throughout the even1ng, many tour1sts driving through the canyon

i met with landslides and rockfalls. Some turned,back_to Estes Par& or__:

Loye1and;fand others abandoned their cars and‘c1imbed‘the canyon wall.

Those fn*the Jatter group had the best chance for sunuiya1.

- WHAT OTHER STUDIES HAVE SHOWN

Analyses of warning response in other situationsdcata1ogue numerouchyg
'beh'avion:pattern.sn‘in situations Similah to the Big Thompson f'lood'." o n-f
‘ :Hyootheses on_ responses and causes for them are drawn from'tTaSh.flood'e
.Iitefature;lwarning response literature, and the_publications foT}owingh
_the Btg %hompéon.fTDod (see TabTe 1). |

' ‘The.ftood experience is reviewed in white (1975) and 1in post f]ood
fsurvey reports by Federal agenc1es, pr1mar1]y NOAA (]970 1972 1973) |
Warn1ng.response is central to works by McLuckie’ (1970, 1973}, M11et1
-11574)'1 Drabek (1969) and Mileti, Drabek and Haas (5976) Table 1 1]_"
: lustrates the hypotheses wh1ch have received attent1on in past research ‘

dand wh1ch are appropr1ate to the B1g Thompson study. A comp?ete 113tcofj"
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' canyon ‘at the. t1me of the f?ood

10

hypotheses dea11ng with warning response is found in Append1x B.

Fol10w1ng the Big Thompson f]ood a wide range of newspaper

articles and of ficial agency reports were issued. The_Denver Post,

'Rocky Mountain NensP LoveTend Dai}y Herald andrFort Cb?Tﬁns Coloradan’.

.carried many articles which dealt with actions taken by‘survivons and

victims. State and Tocal agencies also published reporfs on the flood,

An annotated'bibliognaphy'of reports on the Big Thompson flood by

' Thomas E. DoWning is included as Appendix A. From these sources it
‘was possible to draw up a set of hypotheses on how peop]e behaved and

' what contr1buted to. that behaV1or These are summar1zed in Tab]e 2,

wh1ch_charts the re]at1onsh1ps between the poss1b1e actions and survival,
and'theire]ationships between different inf]uentia]'variep1es.and specific

actions taken. =

METHOD -

This study sought to 1earn about the behavior pattenns of the fu11-‘;

twme residents, the seasonal residents and the tour1sts who were in the

s
e

_zeSamp]e

The sample consists of the groups of individuals or “response un1ts"‘h

;ex1stent dur1ng the flood. A "group" in this context indicates a person )
‘or,set:of persons who made a decision to take an'aotion-during the. flood.

,'_Thfs.mode‘of ene1ysis was seen to be the most logical in light of the

research by Dfabek which shows that people respond to warnings and threats

| not as isolated individuals but as members of groups.. Thus, one person

" traveling alone through the canyon was considered a "group" as was a

set of persons who happened to be caught on the same stretch of road and

att
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TABLE 1

11

HYPOTHESES FROM PREVIOUS LITERATURE EXAMINED .
"' IN THE. BIG THOMPSON FLOOD STUDY
(from Mileti, et al:, 1975:35-56) °

HYPOTHESIS

Persons with. recént disaster

experience are more 1ikely to
take protective action on the
basis of warnings than those

without such experience. -

Older persons are less likely

~ to receive warnings than

younger persons.

Older persons are less likely

to evacuate than younger persons.

~ The number of warnings received

is inversely related to attempts

- at warning confirmation.

Persbns-iﬁ peer groups are Teast
likely to take adaptive action.
Family groups are most likely.

- to take adaptive action.

Older persons are more Tikely

-to die in disaster than are
younger persons.

RESEARCH EFFORT

Demerath (1957} Fogelman (1958);
Fritz (1961); Moore, et al.
(1963); Anderson (1968)

. Friedsam (1962); ‘Hutton (1976)

Friedsam (1962)

Drabek (1969)

University of Oklahoma (1953);
Mack and-Baker {1961)

Friedsam .(1962); Trainer and R
Hutton (1972; Hutton (1976).

e
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Confirmation

_Group

TABLE 2

12

HYPOTHESTZED: RELATIONSHIPS BETWEEN
SURVIVAL, BEHAVIORS ADOPTED AND THE
VARIABLES WHICH INFLUENCED THEIR CHOICE

Try to
escape
in car

S Climb
canyon
Cowall

BEHAVIORS

Narning'
Variables
Source
Content
Number‘_
Mode

+ o+ o+ o+ o+
T+ o+

Other -
Variables

Knowledge of _
- area ! 4

Aoe i f

- Environmental:

S cues T +
Access to . | ) _ :
. Mobility - _ g

context + ' Ty

Location 1in

canyon - - S _
SURVIVAL
Behaviors '
Climb canyon wall ' : +
Try t0:e§c§be in car -
Do nothing different -

Vther o g -

Do " ther (cTimb:
nothing tree, go to different
different  “part of the House)

_,?'.: . ) . +_

.o

+ indicates a direct re}ationéhip

- an inverse relationship _
? relationship exists but direction uncertain

+- relationship‘exiéts-but‘pre?iminary information indicates
both positive and negative relationships
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_ did not know one another unti] they joint]y climbed the ﬁouhtainéide :

to escape the rising water. Some gualitative analysis, by individual,

was completed for the people who died,raé the information was readily

.-avaﬁTab1e from pubtished Tists. Generally, however, all quantitative

qnaiysis;fdr_the victims as well as for the survivors.was doné using
the "group("e | |
'If'was'o%igina11y intended that the actions of sixty groups of

survivors wOUTd_be examined. Thirty of those groups were to be com-

~ posed of local residents and thirty groups composed of out-¢f-state

resi&eﬁts’whq were tourists in the canyon. Due to Timited information
aQaiIabTe for tourist survivors, only 27 groups of todrists are in-
cluded in the study. |

| The samp]e selected is representative of both the range of

fam111ar1ty w1th the canyon and the spatial d1str1but1on of peop]e 1n

: the canyon that n1ght Half of each samp]e were to have rece1ved e1ther '

no warnlng or only env1ronmenta1 cues prior to the fiood, and

half to have rece1ved ah official or unofficial warning. It was oh1y

'p0351b1e to Jdentlfy six out-of-state groups who rece1ved any warn1ng

and twenty gne who rece1ved no warning.

The names -for the thirty groups of 1oca1 people 1nc1uded 1n the

‘Sahp1e were found in newspaper articles following the flood, or on Tists

. provided by Iﬁter-Faith the main reTief organization. Ih'addition,

vo]unteers from among the residents at the Big Thompson Action Group '

exp1a1ned their actions during the flood in casual conversat1ons at

Tmeet1ngs, and 1nterv1ews taped with residents shortly after ‘the f1ood

were a]so used
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- deaths if no other information was available.

14

..Toufists were selected. from 1ists‘pr0vidgd by_Inter-Faith,
newspaper articles, and state patrol records of vehicles which were
destroyed during the flood. An inventory of these sources revealed

an insfoicient number of touriSt groups. For additiona1'informatién,

an advertisement was placed in five college newspapers requesting persons

who were in the canyon during the flood to call the résearcher coliect.
Those who called were interviewed for the study. |

_The study'ﬁﬁtended to ana1yZe actions taken by the ‘injured. The
majority of the 88lper$ons-brdught to the hospital were elderly persons
whq'were treated for exposuré and released. Most-peopie who weré_in the
canyon the night of the flood either survived unharmed or died. ‘Sincé
the number of injured was relatively small, they were excluded from
the ‘analysis. | ' |

The reported actibn; of those.who died in thé_f]odd_Were taken

. from second-hand accounts. and sources, neighbors, friends, or reports -

in newspaper articles.  An assumption was made in cases of out-of-state

,non#SurVivors;_-If, according to State Police records,Aan out-of state.

car was‘tota11y destroyed during_the flood and the owners were.among

the victims, it was assumed they were in their cars at.the time of‘their

i

Biases

. This study has certain biases which should be mentioned. First,

- certain variab]es jncludediin the hypotheses for this study (see -Table 2)

were excluded from the analysis: environmental cues, warning characteris-

tics, sex, age and access to moBi]ity._ It was difficult to assess the'

influence of‘environmentaT cues in the adoption of actions. Most of the

survivors (56%) reported that the rising river or heavy rain.were their

first clues that something was wrong. However, environmental cues can
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serve'both'aéfnarning and as confirmation of a'warnfng:(MiTeti 1974 134).
The Tack of env1ronmenta1 cues also may have lead to a 1ess adapt1ve
action'or to failure to adopt any action at all.” Two people who received
official warning in the Tower end of the canyon nhece'ﬁtfwas,not raining
were emoné the victims because they did not believe e f]opd'was_possfb1e-
Atftnel1cwec end‘df the canyon, as mentioned earlier;;tne_first Wérnfng
message consiétediof word.bf landsTides and f]ooding.‘.One weitre;s at -
work at the time of the warning said no one moved frqn the_reetaunant
unt%T tne second warning which stated that the dam at-Estes had broken.
No environmente] cues would precede a dam break but prior tc_e flch _

tnefe Woufd'have'to,be'rain'in the upper reaches of the basin. The

‘relative impéct.of'environmenta1'cues on the actions taken in the Big

ThdhpSoh-f]ocd could not be measured in any standard form and were ex-

‘cluded from the findings.

The warning characteristics, source, mode;" content. and number
wece"not's{gnificant when initfa11y correlated to action or to survival

and hence were not 1nc1uded in subsequent ana1ys1s The reason for

the1r lack of s1gn1f1cance may be due to the 11m1ted sampTe s1ze,

espeCJally,the unavailability of data on tourists.who rece1ved wernings.

An additional reason to disqualify. the warning characteristics from the

_‘ana1y51s is that the data collected for non-survivors concentrated on

determ1n1ng act1onJ taken and not upon warn1ng character1st1cs
_However, the 1nf1uence a warning had on choice of behavior and on

survival is analyzed in general terms. The variable “kind of warning®

_WaS“incTUded“tn the discciminant analysis. This. 1nformat1on was ava11ab1e |

'for most of the survivors and the non-survivors. In cases where’ it was

not khown whether a warning was received it was assumed that environmental =

A"
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. the information of necessity came from second-hand sources. There is
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cues or no warnfng.at all preceded the flood. This was confirmed by the
1ocatibn of tﬁe group in the canyonl Since it was not ra1n1ng at the
Tower-end of - the canyon, ‘a group which did not receive any warning
probably rece1ved no envwronmenta1 cues.

Because ‘the ana]ysis was based upon aetions teken'by groups rather _

than by 1nd1v1dua1s, it was not poss1b1e 0 control for sex or age

Members of the groups were 1nterV1ewed based on the1r w11]1ngness to

partjcmpatef Due to the reT1ance on second-hand sources, it was dif-

. ficult to get_comp]ete 1nformation on the ages of all those in a

specific group, especially in cases where the group was composed of

unrelated parties. For the non-survivors there was information on

eindividua]s Some interestihg facts were not examined because of the

~method selected; for examp1e this study does not exp1a1n the h1gh '

percentage of women over 60 who died in the flood.
There are_1ncons1stenc1es in the study which wa]d not'ekist if

primary sources were exclusively used. In most cases, the newspaper

art1c1es were conf1rmed in conversations but the data ‘are not as care- -

fully der1ved as they would be if there was control of which 1nd1v1dua1

from a,group was interviewed in each case. For those,whe died, all

a possibility that changes in perceptions of the flood, efter the flood,

can alter the'aecouht._For example, three different accoupts were given

'.for‘the last dctionS'taken by one of the victims: 1)} he was preparing
tO‘]eeve when he was washed away following a warning from a neighbor;

2) ‘he was sleeping at the time of his death; and 3) he disbelieved

warnings and tried to eseape the water by climbing to his roof when 7

his house was swept away.

ﬁi‘ﬁ' ‘
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Sihte'thoéeiintehvieWed wereiseleeted on wi11fngnees'to_partieipéte_
rather than a:hohe objective method, thehe.ahe éertainthiases'ih'the
_sampTe.and, therefohe, dn_the findings. Thé co]]egeﬂnewspaper'ads yteﬁded '
respense ftom‘youhg students hather,than frem anether'Settbhfbf'the '
' popu]at1on -at- large ;

Learn1ng the 1ast act1on ‘taken by a flood v1ct1m is a d1ff1cu1t
_:tash. The researcher was careful not to increase stress to_those_fam111és .
' who suftered:]deses; therefore, no relatives of.thoee whdeied-were'_ |
interyieved. R |

'The'research,effort has been compared to,gathérinqjand sorting of
t]ues in erder:to unrave] a‘deteetive story. 'For»examp1é;"a tourist -
.wou]d say he saw the dr1ver of a w1nnebego camper w1th three peop]e 1n
it panic and dr1ve r1ght into the flood and smash aga1nst a br1dge :
Angther person ‘would say-he saw ‘the Winnebego and not1ced there were twe
wormen and _one man Ain the camper, he thought the woman who was dr1v1ng
| was in her s1xt1es w1th this information and the ]15t of the v1ct1ms
1t was poss1b1e to te11 who the victims were if none- of the other v1ct1ms
had s1m11ar character1st1cs If they did, the search wou]d cont1nue s
Many. assumpt1ons were 1nvo1ved and they b1as the r65u1ts o -_f* . _é? 3
_ . KnQW1ng_on]y 1mprec1§e1y the population 1h "the canyon the:nﬁght "J
:”Qf the.flood prohibited the choice of a fully hendomhsamp1e;“_In;addition,
.Pépple*whd did'hot wish to share their experiences were net ﬁhcluded;ih'
the study To compensate partially for this bias, the study was des1gned
. to 1nc1ude a]] -areas of the canyon and to 1nc]ude equally groups wh1ch :

_ recewved warn1ngs and groups which did. not
t.:Ana1251 | |
- The 1nformat1on gathered in the study was recorded on- quest1onna1ree'

f111ed in dur1nq open- ended 1nterv1ews or f0110w1ng conversat1ons w1th
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second- hand sources -- e1ther neighbors or off1c1a1s involved in the
re11ef effort -~ Wwho knew of the act1ons peop?e took dur1ng the fTood

Two modes of ana]ys1s were emp]oyed in th1s study cont1ngency
'tab]es and d1scr1m1nant analysis. \

Cont1ngency tables were used to examine whether or not various
act1ons taken during the flood were related ‘to chances of surv1va1
Because the act1ons cannot be ranked in any mean1ngfu1 ‘way the contin-
gency analysis was as sophisticated as the data a1]owed Th1s mode of
ana1ys1s tells whether certain actions in this particular study more
fnequent1y_]ead_to_surviVa1 than others. An examp]e ot a result ofhthe
‘contingencyjanaiysis is that those_uho took an,action were more 1ikely
to live than die.‘.The continoency_tab1esfare-gjven as Iahies_]-Q.in o
. Apgendfx F. ~The results ofsthe_contingency‘ana1ysis'are shown‘as_ .

: genehaltzations"inthe‘first half of Table 3.

For the var1ab1es which cou1d be ranked, d1scr1m1nant ana1y51s,

a. more soph1st1cated technique, was used. .ThTS technlquezls:useful in
_ClaSSIfy1ng data.1nto categories. It tells us which variables .were most
significant in predioting~whfch class a.particular case.wou1d-he]ong For ..
.examp]e, in determ1n1ng which factors most influenced whether a group }?
. took an act1on or did not take .an action it was found that the number of“ﬂ.
persons in the_group was most significant. .It -must be stressed that
7:even.though in this 1nstance the variable "number in group” was most
_1nf1uent1a1 in pred1ct1ng whether a group wou]d or wou]d not take an-

" .action, this cannot be genera11zed to all floods because the sample was
_not random]y se]ected The second half of Table 3:gives genera11zat1ons
from this study of the Big Thompson flood drawn from the actual data

.anaIySIS found in Tables 10- 13 in Appendix F.
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TABLE 3.
. SUMMARY OF RESULTS FROM THE ANALYSIS
(Tab]es Deta1]1ng the Outcome of the Tests .are Found 1n Append1x F)

FROM. CONTINGENCY TABLES ‘

Survival
1. Those who took some action were more ]1ke1y to 11ve than those
who took no action.:

These who -climbed-had the best chance to survive.
Those who were alone were the highest at risk populat1on-
Those who were with others, in groups of ‘three ‘to fiye people,

45 PE N SR A B

were more ]1ke1y to'live than those alone or in other sized groupsfl

(w31

Those who weré in family contexts were more likely to 11ve ‘than
those who were alone. -

7. Those who were-with friends were the most. Tikely to 11ve _

8. Those who were in areas above Waltonia were more - ]1ke1y to 11ve
' 'than those 1n other areas in the canyon. .

Act1on ' : .
Those who drove -out were most likely to have rece1ved a warn1ng
. Those who climbed or took another action were more: 11ke1y not

N —

to -have .received a warning than those who did nothing or drove

3. Those who were with friends were most likely,to- climb,

4. Those who were with family groups were more 11ke1y to take no

' action-than to climb,

5. Those who were alone were most likely ‘to do noth1ng

6. Those .in groups of three to f1ve were more 11ke1y to do someth1ng

than to do nothing.

Those who took no .action were more Tikely to- d1e 1n the “flood. -

7. Those who drove were more 11ke1y to warn others than these”whq.cljmbed5

FROM DISCRIMINANT ANALYSTS

1. ‘Locat1on in the. canyon and what action the group took were most
- influential in statistically separating the surviyors frcm the
. non-survivors.
2._-Fam111ar1ty with the Big Thompson Canyon was. least 1nf1uent1a1
in-statistically. separating three of the analyzed populations:
the survivers/non-survivors, the warned/non-warned,. and the
- action/no action populatTOn
3. The number of people in a group was most significant in .
characterizing the groups by whether or not an action was taken.
4. The locatien of the group in the canyon and their origin were
© most significant in separat1ng the warned.from the non-warned
‘population.
5. In stat1st1ca11y distinguishing the Tocal groups,. the full-time
‘and part-~time residents from the tourist, those who visited the
Big Thompson Canyon or other Rocky Mountain canyons 1nfrequent1y,
" the number of people in the group, the origin of the group, and
if, the group survived were most 51gn1f1cant : .
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Four separate parts of the samp]e are exam1ned by d1scr1m1nant
ana]ys1s :]) survivors and the non- surv1vors, 2) groups that took some
actioh.and those_that took no action; 3) warned and non«warned groups; '
‘and 4) Tocal andAnon—Toca1 groups. |

The var1ab1es on which the different categor1es were expected to
differ are those wh1ch can be measured on an ord1na] sca1e and wh1ch are
known for the entTre set of groups invoived in ‘the ana]ySTS: 1) ‘geographic
Tocation in the canyon, 2} number of peop]e ina. group, 3)'origfh whether
the peopie were indoors or out; 4) knowledge of the Blg Thompson Canyon;
5) action taken; 6) whether the group survnved,_and 7) whether a group
was warned. f'The last four variables Tisted were excluded when used as
the dependent var1ab1e in the anaTys1s Appendix_E 1s a‘Iistjng of these

varTabTes and the1r range of va1ues

'BEHAVIOR PATTERNS

A total of 112 groups were included for analysis: 58 Suryiuor,ij
'and_54 non-survivor groups ofh270 persons and 129 persous, respectively."
A totaT of 399 persons were involved in -the survey. Table 4 SHows them{§“.
raoge of behavior patterns found in the eanyon during.the f]ood, and the“
origin “and destination of . those who survived and those uhoAdid not survive.
The results of the Inter-Faith survey (1976) sent to~600 flood
v1ct1ms fo]1OW1ng the flood showed that 33% of the fu11 or part t1me
population in the canyon was 60. years old. One- fourth of - those who d1ed
were over 61'yeare old. Thirty-five percent of those who died were full-

_t1me res1dents, ]7% seasonal res1dents, 26% tour1sts, and 21% from parts

of Colorado other than_the Big Thompson Canyoh and‘the nearby towns of
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Ft;:Co]11ns, Loue1ahd,.Estes Park and GreeTey. The comparatively Tow
' percentage of'toUrists who died tndicates thet.the residents had no better
fdea of what action to take in the event of a flood than the non-residents.
- Of the groups which did not modify the1r behav1or during the f]ood
in response to environniental cues or to warn1ngs, 18. groups (44 people)
who were dr1v1ng contTnued to drive, and 16 groups (64. peopTe) died in
'bu11d1ngs predom1nant1y homes they were-ln prior to the'f1ood _
The largest number of peopTe to d1e in one. Tocat1on was 15 1n the C
two mote]s in, wa1ton1a Ten people died at the Covered-wagon Cafe, and
seven women wi th the Campus Crusade for Christ died in two separate cars l
wh11e trying to get out of the canyon.
Out of 53 groups of pecple who died, nine groups (17 peopTe) received
. an unofficial warning and five groups (14 peopTe) received an.off1c1a1 '
warning“ It is difficult to tell how many people who Tost the1r 11ves ;
that nlght rece1ved no warn1ng at all. This was part1cu1arly hard to -

_ assess for tourists who were not recognTZed by the canyon res1dents and may
. only have 1eft the general message with Lhe1r fam111es that they were go1ng
_camp1ng in. the- mounta1ns Env1ronmenta1 cues may well have been of sub-
-'stant1a1 1nf1uence in saving the lives of many who were in the B1g Thompsgn
Canyon the n1ght of the flood.  Among the people in the samp]e ten groups

- (°2 peop1e) reported that they had to abandon their veh1c1es because they
veould not continue to drive through the canyon due to rockfa1Ts, ]ands11des
::and b11nd1ng rain. Qthers reported chang1ng course or c11mb1ng the mounta1n—
side because of sta1]ed cars or traffic Jams In some cases drivers did
.'htry to change d1rect1on or drive. up the North Fork instead of the Main Fork
and only when the alternate route was bTocked:d1d they get out of their cars
'j and head for.higher,oround. Several groups climbed the_canyon'wa}1 at the

-Tast second and watched their cars go downstream.

T
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Coiparison of Findings
Certqinhfindings from previous reéeardh can be”eombared With thdee-'
of this study.. The hypothes1s, tested by Demerath (]957) Foge1man (1958)_
Fritz (1961), Moore, et al. (]963) and Anderson (]969) ‘that persons with
recent d1saster exper1ence are more ‘likely to take- protect1ve act1on on
the basis of warnings .than those without recent;dTSaster;experlence JS g
sdbported‘in a*qUaTitative analysis:by three caees in this study: -_
One fam11y wh1ch surv1ved the Rapid. C1ty flood in 1972 1mmed1ate1y ..,
: ‘heeded the f1rst warning they heard while camptng at the Tower end of the
canyon. A second family not1ced the r1ver r1s1ng and, reca111ng the1r ‘
know1edge of the fiooding potential of the bayous in Texas headed for
. higher ground A family fam111ar with tornadoes received a warn1ng and
'fo1Towed the- 1nstruct1ons of the sheriff's deputy wlthodt hes1tat1on.
Friedsam (1962) found that older persons nere ]edsi]fkely to receive
warnings‘,‘,than. younger per_S-Qns regardless .of. the warning source. 'Howevet;'.
'jnqthe;BiQ-Thompsdn;;grdypslof-peop]e'dVer 70 years did;were.jdét"aed1ike1y_.
to;have received'ezwerning,”as was‘fdund.bf Hutton 3(19?6) in‘herAStndy,df

 the 1972 Rapid City flood. Friedsam’sr(1952) finding that elderly persons

‘were 1ess 11ke1y to evacuate than young persons is supported of nine -

. il -
.groups of people aver 70 years old, -six took no action. and three adOpted

an action during the f?ood In agreement with findings of Friedsam (1962)”

'_I_and Tra1ner and Hutton {1972); one- fourth of those who died in the B1g J“H"

- Thompson f]ood were over 80. years o1d, as was. ment1oned ear11er

The. f1nd1ng of Drabek {1969) that the number of. warn1ngs is d1rect1y.

_re]ated to evacuat1on s conf1rmed by this analysis. In the cont1ngency

'_.tab1e re]at1ng number’ of . warn1ngs and attempts at conf1nnat1on, those who

-Jrece1ved one warning were. more Tikely to seek confirmation than those who
‘pece1ved more than one warning; the second~warn1ng perhaps served as .-

_cqnfirmation_of the threat.
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One f1nd1ng which th1s study does not support is that-examined by
the Un1vers1ty of Ok]ahoma {1953) and Mack and Baker (1961) They*found
that peer groups were most 11ke1y to take no act1on and fam11y groups
were most likely to take act1on The opp031te was true -in the Big Thomoson
Canyon where: those in peer groups were. more Tikely to have climbed the
canyon wall than were families.. Fam1T1es were more-11ke1y'to have done |
nothlng;adaptive. This may be due to the re]at1ve1y younger ages of the

peer groups than family groups

 RECOMMENDATIONS

- The Big Thompoon flood has heightened the concern of some officials .
and residents .in other Front Range canyons over.the-trenendous Kazards
of living in, a canyon It wou]d be 1dea1 1f we could count on advance pre—
diction fron the Nat1ona] weather Serv1ce d1ssem1nated -over the rad10 and
TV, as well as substantial enV1ronmenta1 cues to lend support to a warn1ng
to evacuate’ in case of flood, but these are factors we cannot count on.
However, the po1nts may help other Front Range communities to p]an more _
effectjue_warning systems. - i | o I fﬁ

1. The best action to take in the event of a flash.flood warning,"
a heavy rain'or-a rising river is to climb to higher ground '-Cars are seen
as a-haven or a source of power; when threatened with a flood, peopIe tend
to get in the1r cars and try to escape the water by driving out of the
canyon. ~Eor many people in the Big Thompson -and in other flash floods
this~act16n was fatal. Had pecple abandoned their cars and climbed 25~
~feet uo the canyon wall, they might still be.alive today. Though some

'_people drove out.of the canyon and survived, they took an unneccessary

risk; they were very lucky..



- It may be ra1n1ng and the canyon wa1] may not seem an 1nv1t1ng p]ace'l}f'
A“to spend a nlght but many of those who c11mbed the wa11 the n1ght of
: Ju1y 31 1976 were on]y con brutsed and wet the next morn1ng
_ ‘2l' Pr1or publtc educat1on 1s necessary to 1essen the potent1a1
Tosses” from al f]ash fTood S1gns shou]d be p]aced at the entrances to f'f
icanyons wh1ch c]ear]y adv1se that 1n the event of a f]ash f1ood warn1ng,
_heavy ra1ns or h1gh water the most approprTate act1on to take is. to "
~,abandon your car and c]1mb to thher ground Had s1gns been placed 1n
| the B1g Thompson pr1or to the f?ood, 1t 1s p0551b1e that the 16 peopTe iii'_:3
”;who were dr1v1ng aTone in the canyon would not have cont1nued to dr1ve on ' ..iﬁ-

-:Not knoW1ng what to do 1n the event of a f]ood may have 1nf1uenced the1r

' ﬂ‘:dec1s1on to take no adapt1ve action.

Operators of mote1s, campgrounds and restaurants should be aware of n"

safe p]aces to whlch “their customers cango Tn the event of a f]ash f]ood EENTE

_For exampTe,,1f the campground operators at the 1ower end of the B1q 1:' :A-}f'j'

fThompson Canyon had been aware of the fTash flood hazard and’ of - proper

:act1ons to take perhaps the sheriff's deput1es wou]d have had to c1rcle

wthe campground onTy once and cou1d have relied upon the campground operators -):.

to evacuate the campground GatT1nburg Tennessee has an extens1ve net-‘g

’ . :Hﬂx.
: -work wh1ch Tinks 3/4 of the motels in one-phone ca11 to potent1a] f1ood

..:lcond1t1ons : The sher1ff s deput1es cou1d have spent - their time d1ssem1nat1ng

":the warn1ng to more areas, concentrat1ng their efforts in areas heav11y
"ipopuTated by the e1der1y Had the e]der1y res1dents in B1g Thompson Canyon
'rece1ved more adv1ce and aad perhaps fewer would have d]ed

N _3. The tendency 1s for people to d1sregard messages wh1ch d1srupt
‘the1r norma1 act1v1ty (Drabek 1977) rather than to. pan1c as -is. frequent1y_-:'
.;expected By g1v1ng two three or four warntngs, the chances 1ncrease for'

an appropriate response When a warn1ng is fTashed on teTev1s1on and the-



stat1on then returns to regu1ar programm1ng,_1t 1s s1mp1e for the y]ewer.

_ to 1gnore the warn1ng on the grounds that the stat1on wou]d not have h'”" o
' returned to nonna1 broadcast1ng 1F there were reaT danger ‘ PeopTe neutra11ze
'warn1ngs because of rumors, 1nab111ty to confann a warn1ng, Tack of spec1f1c
'_ 1nformat1on, and 1gnorance of appropriate adapt?ve actions (Drabek 1977)
Extens1ve pub]ic education might 1essen the tendency to 1gnore or neutraTize
2 warn1ng message L | - _J' - “" B

o -4;” F1ood prone commun1t1es 5hou1d conduct emergency drills; train
off1c1als 1n the k1nds of s1tuations wh1ch may ar1se pricr to dur1ng and |
after a f]ash f1ood d1str1bute brochures to the populat1on at rlsk hon
-tpub11c d1scu5510ns among of ficials and. resadents regardTng the f]ood hazard

and requ1re rea]ty compan1es to. d1sc1ose that property ]1es in the f]ood

'pTa1n before it is so]d X

""'5 )

S If t1me penp1ts, it 1s usefui for canyon- entrances to be c1osed

:off as soon as a warn1ng message is issued. The h]ghest risk popu]atlon in

the B1g Thompson F]ood were those dr1v1ng a1one C]os1ng a canyon is an
1mmed1ate emergency “action which shoqu be taken by off1o1a]s Th1s wou?d .’“

=_1nsure that there 1s no 1ncrease in ‘the popu]at1on at r1sk from canyon

T

__entrances

: TG__ Though th1s study revea]s no spec1f1c warnlng character1st1c

.wh1ch would assure adapt1ve act1on, the suggest1on that a warn1ng system
Jlbe adopted is one that cons1stent1y was ment1oned by officials and residents
'fwthroughout the Big Thompson Canyon. A warning system w111 not assure '
';that no-ftves are-fost 'bdt it is one relative1y inexpensive means of
ii‘he1p1ng to ]ower the number of fata11t1es If the warn1ng system is
T?'proper1y ma1nta1ned, if off1c1a13 know the operat1ons and the c1t1zenry is
Ny educated to the hazard more peopTe are I1ke1y to respond qu1ck1y and ef—

' fect1ve]y in the event of a flash f]ood Whether the_system seTected is



that of an’ “all vo]unteer network ar an e1aborate automated system, 1t would

“be better than no system at all.

POSSIBILITIES FOR FUTURE RESEARCH

Th1s study suggests that further study is necessary in three main
areas it would be helpful to exam1ne more comprehen51ve1y some of the |
1f1nd1ngs of th1s study, more deta11ed knowTedge of the actTons of v1ct1ms |
'1s needed, and work should be done to ascerta1n whether 1t 1s poss1b1e to X
_determ1ne a, thresho1d time, which 1nd1cates by 1ocat1on whether or not an hrlu
1nd1v1dua1 or group has enough time to dr1Ve out of danger or co11ect ?3; |
'1va1uab1es before 1mpact |

. The resu]ts of thls study are presented w1thout in- depth exaanat1on

One -of - the' more: 1nterest1ng proaects to pursue in future research m1ght be e .

-to study the 1ncrease in r1sk if a person s alone. From th1s m1ght come

a recomnendat1on that people should group with other peopTe it a warn1ng

is rece1ved ora threat perce1ved The size of the group appeared s1gn1f1-.“":"

_cant in whether or not a_group survived dur1ng the 819 Thompson f1°°d 'Hhx'- ;

s it that groups of three to five peop]e surV1ved with’ greater frequencyd B
than 1arger or sma11er groups? . i

One of the major quest1ons that researchers. and po11cy makers have
':raised 1n_response to an ear11er draft of this paper was how many_people |
died'oamping; Deoision—makers are trying to decide whethér camping shou1d~
" be a11owed'tn the Big Thompson Canyon An innovative approach w111 be

1 requ1red to answer. th1s with greater precisfon than was poss1b1e in th1s

B study It is not very d1ff1cu1t to narrow-down who the campers in the

"‘canyon were’ at the time of the flood, but it. was 1mp0551b1e to know in
1severa1 cases whether or not the -person or group was camp1ng or whether

they were in a car or restaurant. It is difficult to determine whether.s"'
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za.persph pu]]ed'overriﬁ-a Ninnebege'is'camping or'merely.taking'a shertr
break in a drive. .To answer questions about the act1ons of victims, a
study focu551ng on1y on the dead will be necessary -,

The third'research area suggested by this sﬁudy_in#o1ves the time
frame for response to a %]esh flood warning. Throughout the research and
presentations;of the findings, people have esked,wheﬁher'or not they would
have time to drjve out.ef danger rather than climb the'eanyon,we11.~ In
.the Big Thompson seme who drove lived, and {t‘may be easier to get people
to drive out.of-dgﬁger than_ta climb a stippery, cold cahyon wall. How _
much-time there is from a first warning or. environmentaT .cue to anAimpacf
is v1s1b1e on1y afiter the event and therefore, the recommendat10n is made
_that -one should ¢1imb 1mmed1ate1y fo110w1ng a warn1ng Some refinement of
the time frame for specific hazardous locations wou]d be useful in the’
dec1510n of whether or not to adOpt emergency flood proof1ng measures of

~ to collect va]uabTes papers . and,pets, as well as. to evacuate or c11mb
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APPENDIX A

ANNOTATED BIBLIOGRAPHY ON
THE BIG THOMPSON FLOOD

Private

*The Big Thompson Flood, July 31, 1976. Don Cotten,.Editor, C. F.
Boone, Publisher: P. 0. Box 10411, Lubbock, Texas 79408. $3.00
+ 50¢ postage. A -

‘Fifty plus pages of black and white photos and articles.
Coverage .is broad but somewhat brief. A statement on page 26
incorrectly proposes that such a. flood won't happen again for’
another 100-years. (Its probability of occurrence is the same
in any year.) Includes a 127-name Tist of victims.

. *The Big Thompson Disaster. Lithographic Press: 'P. 0. Box 455,
. Loveland, Colorado 80537. Fall 1976. Contact Loveland Chamber
of Commerce for orders. $2.00 each. -

"A collection of editorial and pictorial material concerning
Colorado’s tragic flash flood of July 31, 1976." Mostly newspaper
reprints, but generally accurate. Photos are black and white.
Proceeds from sales go “into the relief fund. :

*GedibgicaT:SQtiety of America, The Big Thompson Flood of 1976.
A field trip guidebocok prepared For the AnnualMeeting of the
Geological Society of America, 1976. =

The 37 pages include photos and summaries of meteorological "
aspects of the flood, hydrological aspects and geological hazards, &
and flood hazard estimation. for Tand use planning. '

- University

*Colorado State_University,AAftermath. By Dan H11Téman, CSU professor

and several graduate students (phane 491-5143). First edition, -
December 1976. ‘ '

An dccassional newsletter, primarily for residents of the canyon.
Although it is helpful, informative and entertaining, if pub]ishgd
. faster (i.e. mimeographed) it could be a more useful tool for
communicating the most current arguments, issues and progress.
Comments on the newsletter (format and content) are welcomed,
especially those from the residents. Dan has videotaped a number
of the Big Thompson Action Group meetings.. : :

Compiled by Thomas E. dening
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APPENDIX A (continued)

*Colorado State University, Untjﬁ?ed.szy Dary?fSimqn (Engineering
Research Center), Elmar Reiter (Department of Atmospheric Sciences)
and'John Melson (Department of Civil Engineering), publication-
March, 1977. : e -

In process of preparing a report on the storm for' the National ~
Academy of Sciences, Academy of. Engineering. It will fnclude. =
meteorological and hydrological aspects of the storm--its frequency,
characteristics and possible adjustments. Dr. -Simon -has alsc done
some general consu1ting.concerning'f1ood'frequency;;flow 1ines, -
sedimentation anddesign of highway bridges in the Narrows.

*Colorada State University, éol]ection‘of_papefﬁaoh'fﬂeuBinghompéon
flood. By Hal-Cochrare,CSU professor of Economics "and graduate
students of Econ 540 (phone 491-1101). January,1977.

Analysis.of several aspects of the Big Thompson flood. Data-
on sales revenues from. Loveland and Estes Park reveal a 6% ‘
gain in revenues for the first 9 months of 1976.  The impact.of .
the flood onsales appears quite small and Tocalized. Other topics.
include land use and ownership patterns.in .the canyon, alternative
futures for the canyon, and the establishment of a park within -
. the canyon. - , oI

'*Ohio.Statg University, Disaster Researbthébﬁer,;Emérgégéy_Me&jcd]?

Services. Delivery of mental health services .to vural.areas.” . :
. Unpublished. .Director of the DRC is Verta Taylor (phone 614-422-5916) . .

An in-house field report.was prepared on emergency medical ser-
.- vices-following the flood, including the identification of dead,

- A monograph may be published later in the year.: The two studies

- are part of larger studies funded by the Department of Health, &

Educétionfand Welfare. i

*niversity of Colorado Institute of Behavioral-Science, Response -
to Fiash Flood Warnings: The Big Thompson Canyon Flood and & '
. Hypothetical Boulder Flood. By Gilbert F. White, Eve C. Gruntfest .
and Thomas E. Downing {phone 492-8147). Natural Hazard Working

- Papers #3171 and #32, 1977. . T

- The first part of the study will analyze what people did in’ _
the Big Thompson flood, and relate the behavior patterns to suryival, -
social variables, and characteristics of the warning (if.one was
received). The second part of the study will attempt to estimate
“the. response to a flash flood warning for Boulder, based-on previous
. -research and the findings of the Big Thompson study. Lessons '
. ;earned in the July 31 flood may help other commupities avoid

disaster. : L _ o '
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* APPENDIX A {continued)

*University of Denver, Search and Rescue Operat1ons‘1n the Big
. Thompson Flood. By Thomas Drabek, Department of. Soc1ology (phone -
753- 3459) ‘Due to be compTeted in -summer, 1977 - '

Descr1pt1on of the act1v1t1es ‘of the various groups (about.35)
1nvo]ved in search and rescue operatlons dur1ng and after the -

- flood,

'*Un1vers1ty of Co]orado B1g Thompson Tr1butar1es Geomorph1c
-~ Activity and Its ControTTAng Factors Dur1ng the ]976 Storm By
Jim Ba]og, INSTAAR, Boulder -1977. ‘ . o

Field surveys of selected tributaries have given'the distri-
bution of erosional features and sediment yields from them. :
‘Vegetation communities are being mapped from remote sensing imagery.
Precipitation distribution and topographic parameters willbe
combined with thesedata to de11neate controlling. facters on
geomorph1c act1v1ty

~Federal

*Federal Insuranoce Administration and Colorade Water Conservation

. Board, Special Flood Plain Information Report, Big-Thompson and
Trxbutar1es Larimer County, Colorado, By_G1ngery Assqc1ates,‘1nc;.

"Pre11m1nary draft December 22, 7976 e

Deta11ed descr1pt1on of history of flood1ng and hydrnlogy of -

the Big Thompson. Includes an index to the flood plain maps.

Gingery and Associates did the hydrology, Kucera did the actual
- mapping .on this project funded by the FIA, CWCB and- the Colorado
- Department of Highways. Reproducible maps of ‘the flood plain :
(1% probabiTity flood fringe and floodway) will be available Janu-
ary 12,-1977. This report provides the basis. for. the county's i
flood p]a1n management regulations in the canyon. The FIA p1ans _f
- to prepare a flood insurance rate map of the entire county in

1978 based on the engineering done by G1ngery and Assoc1ates

*National weather Serv1ce, ngfThompson R1ver Co10rado Total
Precipitation for July 31 to August 2, 1976. By Elroy C. Balke,
Regiona] Hydrologist. September 13, 1976 ‘ ' :

“Map of precipitation ]eve1s, indicates storm centers of aver 10
inches rainfall below Estes Park, near Glen Haven and over the
- Rist Canyon IncTudes a ra1nfa]1 and flood crest: t1me sequence
‘ and a 11st of data sources (bucket survey)

- “*U S. Geo]og1caT Survey, Storm and Flood of July 31 of the Big

~ Thompson. By W. Hansen, Editor, USGS Profess1ona1 Paper Expected
1n the gummer, 1977. (phone 234-3495). .



37

" 'APPENDIX A (continued)

" WiT1 include discussions of geologic. processes and .relationships
‘to'damages, post-disaster relief and long-range planning for. .
geologic hazards in -other parts .of the state, ‘and various aspects
o?fthe event's hydrology, meteorology and. geology and geomorphic
effects. . - a - T e

(], S.-Géo]dgian Survey, FToodsih'Co?orado.“- j,Rébért“FOTTansbeé,
_Lgon R.. Sawyer, USGS, DOI Water-Supply Paper 997, 1948.. S

Description of flooding on the Big Thompson.

*U. S. Army Corps. of Engineers, Flood ‘Plaifn Information; BinghbmpSon

'Ri?ergiLoveand, Colorado. -Omaha,;Nepra;ka;:.Dgggmper;57971f‘~...

_Deséribtion'of past flooding of the Big Thompson, and of the = . -
estimated Intermediate Regional Flood and the Standard Project.
Flood. "Report includes a rough.map of the flood ‘hazard areas.

*U.°S. Arﬁy=CQrps 6f Engineers, Economic Tmpact of the Big Thompsbn,
Flood. By W. Noordam, Planning Division, Omaha, NB (phone 402-221-
.4135 or- for messages, toll free, 800-228-9477). November, 1976.

Data were collected at the end of September. Covers early

.estimates: of -the costs of government cleanup, emergency efforts,

- transportatjon damages, land erosion, building damage, private
property damage -and indirect damages. The Coldrado Division of
Economic Development is scheduled to publish data on indirect .

- losses in January, 1977. S ' R

?U} Sﬂ,ForeSt'Senvice,‘PriVate Ownershfp in the Bfg.ThompSon Canyon

- and Roosevelt National Forest, Mount Olympus, Colorado, {6th

. F.M.) Nao15-W TO515/15, 68NW,” Prepared by Region 2, Dehver, Colo-
rado, 1971. - E . R S

A report on land ownership in the Big Thompson region was |
.prepared a year ago to assess the feasibility of Forest Service
acquisitions in the area. The map shows the Forest Service

- holdings. ' - o

*, S.:GeoTogicaT Survey, Colorado Water Conservétion"Bqard;.Ihg
Big Thompson River Flood of July 31, August 1, Larimer-County,
'-Co]orado: Flood Information Report. Octgber, 1976. -

" Covers general description of the flood and esfimates of fTood' :

discharges at various points in the canyon. Includes 51 air photos - o

. -of the canyor after the 1976 flood. High water lines are drawn on
_‘the photos. - ST _ e , ) o
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APPENDIX A (continued)

]}, S. 8011 Conservat1on Service, Conservatton in the B1q Thompson.
: W1th the U. S.- Forest Serv1ce and the Colorado D1V1s1on of . w11d11fe

$920 OOO have been a11ocated the 5011 Conservat1on Service under
-the Department of Agriculture's 216 program -for work in Larimer
County. A team will survey the work to be done, including conser-
vation in'the upper tributaries and maybe in the Blg Thompson 1tse1f
- A work plan shou1d be ready 1n February -

State

*CoTorado Geo]ogwca1 Survey, Geologic Hazards in the Big Thompson
“Canyon Area, Larimer County, Colorado, By J, M, Soule and W, P,
Rogers, CGS, 1313 Sherman. Denver Co1orado (phone 892 2611)
.1977 e

, Maps geo]ogic hazards such.as rockfa]Ts mud . flows: and debr1s ‘
fans on a 1:12,000 scale. A large portion of the damage in the
canyon was caused by geologic processes, other than flooding,
triggered by the heavy rains and the floods. ‘Thesedata will also
- be mapped on d 1" to 200' scale for p1ann1ng purposes, available
for local. off1c1a1s and public 1nspect1on as an open file report.
'*Colorado Geo1og1ca1 Survey, Geomorph1c Features Formed by F1ood1ng~»
in the Big Thompson Canyon, Larimer County, Colorado. -By
D, Shelton, CGS, 1313 Sherman, Denver, Colorado (phone 892—2611).
- Fall, ]976 o . , ' ‘

‘Surveys the geological formations Teft by the f1ood waters
. between the mouth of the canyon and the town of Love]and

*Governor 3 Spec1a1 ASSIStanCE for Flood Recovery, Recommendat1ons
for Goals, Big Thompson Restoration Committee. By Kenneth Wright, g
Wright-McLaughlin Engineers, 2420 A]cott Denver Co1orado e

,.(phone 458 6201). August, 1976. : .

A prej1m1nary out11ne (not approved by the Governor} of recovery
efforts needed. Sets goals and objectives for highway, -flood
plain management, channel work, canyon occupancy, administration,
canyon residents welfare, economic base and financial concerns.
.The ant1c1pated ro]e of the governor 's office is 1nc1uded

. Countz R : | SR

*Lar1mer County Assessor's Off1ce, Computer printout of pre and post-’
- flood asséssed valuatijons. By Dick Green, County Assessor, Fort
Co]T1ns (phone 221-2100, X206) September 16, 1976.

The county assessor re-evaluated aT] property (buildings and
1and) in the disaster area. Property was devaluated on the basis
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of actual damage, and availability of access. . -The original computer

Pprintouts  included ovner, ‘parcel number, pre-floodassesseduvalue,
-and post~floed.assessed value. The county .computer-‘system:can - . .
"-also access -property description and damage to Tand and buildings as
. a.percent of pre-floodvalue, The ‘county planning department has a. -

number of" these printouts. The assessorfwill;nggssesslpn9perty;p7 o L

Co ke

damage in"January, for 1977 tax purposes, . -

- *Lérimér'tbunfy-Piannfhg Department, Maps ‘of :the Big Thompson Céﬁyéﬁéf., o

Property Ownership, 1976 Flood Damage (Drake and Cedar Cove

.- ‘completed,. rest of canyon is in progress), Land Usei "

Fall; 19767 - .

-7 The planning department has cbmpijéd,éﬁlqtfﬁf TPfQ}ﬁAtfbﬂgﬁﬁﬂ,7

. ;the'c§hyoﬁ, including these maps.

*Larimer County Planning Department, A Summary of Present. and - o
. Anticipated Land Use Requlations Dealing with Redevelopment of the.
+ -B1g_Thompson Canyon. By Rex Burns, Senior Planner,.kCPD, Fort: .
- Collins, CoTorado 80522, P. 0. Box 1458. (phone 221-2100). 'October -

Reviews the history of flood plain regu1atfoh'iﬁ_L§rimer County - -

and its application to the Big Thompson. Explains floodway (FW) . .- . .~

-and flood friage (FF) designations.

*Larimer denty P?éhning Department, Bridge Inventory, Big.Thémp§dﬁff C
Canyon, Colorado. = By Rex Burns. .Jahuary, }9775 ST

Surveys new bridges {private) and accessroads needed in the.. ..
Big Thempson, not including the North Fork. Also.lists property
-owners: and: Tocations to be served by each bridge. Twenty three
- new bridges are needed, twe bridges survived the flood,.and two.-
' were rebuilt illegally. - - e

- Vv t . - N A e p

- Other .~ . .

*Inter-Faith Task Force, Survey of Citizen Needs. Box 706, Loveland,
Colorade 80537 (phone 669-4205). ' o : £,
: s I P TT P U
. The Inter-Faith Task Ferce.was organized after:the fTood b _
- personnel from the Christian Reformed Church World Committee :
_experienced in handling the aftermath of a disaster. The Task Force
.brought. together many of the local churches to form a center for. . -
organizing, volunteer -help and meeting the needs of canyon residents.
. Activities have included.a general survey:of citizens’ needs, a
- more detailed survey of damage and personal economic' impact, a =~ |
‘construction survey to assess material needs for rebuilding houses, .
various citizen advocacy activities and fund .raising and distribution

. {coordinated with‘the'Chamber of Commerce).

Tl

. p 9’,"3
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APPENDIX B -

., HYPOTHESES FROM PREVIOUS -RESEARCH RELATED TO THIS{REPORT - -

-;ijdthéﬁééxfejétiveftb.dctua1*wérﬁiﬁ§“éhﬁfdctéﬁ#gﬁfés;:}ﬂ' .

- Evacuatidn is no mpré-]ikeTy_tb.oécuf-ﬂhéh'ﬁhé*éduréequﬁwéfﬁing_ o

.;Ts‘pfﬁicj§1 than when it 1s_unoff1bia1 (Dan;ig;iétjaTg, 1958); ‘

. ‘Persons warned by .authorities are more Tikely to-evacuate immediate- -

ly than those warned by unofficial sources (

- As warning messages increase 1n accuracy and/or {nformation of
survival choices, -and/or consistency with other warnings, and/or
clarity about nature of threat there 1s a greater probability of
adaptive behavior being adopted (Demerath, 1967; Fritz, 1987;

QFrit%_ap?éwggliams, 1957; Crane, 1960; Schatzman, 1960; Moore,

et al.; 1963} - U o T

.. Variations in the channel. through which the threat message is
delivered accounts for differences in response to warning (Drabek, -
1969; Moore, et al., 1963) accounts for no perceptible differences
(Danzig, et al., 1968). - e o
Persons do. not readily evacuate.on the. basis of first warning
received (Fritz and Marx, 1954).. [

Thé'numbér:ofnﬁarnihgs is directly re]atedvto_eiaguafiqn_(Fritz
.and Matthewson, 1957; Drabek, 71969). A

'ﬂypotheée§ré1at1#eﬁfb~humad'warnihg:response : L B B

~ When warning recipients perceive a high degree of certainty in a-- .
-warning ‘the probability of their making a confirmation attempt = "
in¢reases'(D§nzig,_et.a1., 1968). : ‘ . . S

- - Those with phévious diséstef experience are more likely to go through
© organizational channels for ‘information and verification than those
without such experience {(Mack and Baker, 1961). .- :

The closer a person is to a target area of a warning.the higher the
incidence of word of mouth communication and the larger the number

- of information sources used for.obtaining additional information

. (Diggory, '1956). : o . o

A'::ff.incomé is inversely related -to eyacuafibn.probab111fy {Young, 1954;

:};‘ Moore, et al., 1963).

,"High schoal graduates are more Tikely to take édéptive gctfqn than
~persons with less or more educatjon (Mack.and Baker, 1961).:

Drabek and Boggs, 1968). . °" -
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APPENDIX B (continued)

Lower socio-economic status persons are more likely to go to _

- public shelters than to relatives' house or other evacuation sites
(Moord, et'al., 1963; opposite found to be true in Brabek and

" Baggs, 1963). - ' E :

Women are more 1ikely to engage atﬂboth ends.of.adaptivé[non—adaptiye
continuum. - They are more anxious to leave than men (Mack and Baker,
1961; Moore, et-al., 1963). . : o :

‘People define potehtia1‘impéct in terms of briof_ekpérﬁente with
that disaster.agent Instituut Nederlandse , 1955; Demerath, 1957;
Drabek and Boggs, 1968). ' ' A : - ‘

Small town urban dwellers with small toﬁn backgrounds are Tess
likely to interpret warnings as valid than are urbanites (Mack
and Baker, 1961). E ' ' '

Panic is not typical behavior. It exists only when imminent danger
s perceived whenever there is limited number of escape routes, '
when escape routes are closing and escape must be made quickly or
when there is alack of communication and people.feel uniformed
(Quarantel1i, 1954, 1957, 1964; Fritz, 1954). .- :

Perceived time before impact is iﬁversely re]ated'to‘the-prgba§1]it§
of. taking adaptive behavior. (Demarath, 1957; Fritz, 1957; Williams, -
1957). . ' L I

Strongly established patterns of centralized décisipn'making‘may
delay action prior to impact. {McLuckie, 1970)..

. Drawn from Mileti, Drabek and Haas, 1975: 35-57.

ol



APPENDIX C

. _USE_OF VARIABLES AMD LEVELS OF ANALYSIS

42

_List of Variables

Groups
in Sample -

Level of Analysis

Chi Squéres  Discriminant’

Occupétiﬁn '

Starting ﬁdintﬂ
Action taken
- Area of canyon

Number of people
Ingrowp

. Kind of group

Kind of warn{ng
Warning received?”
Knowledge of
Big Thompson Canyon
Warning source

Warning mode™
‘Warning content
Confirmation

First indication
- Something wrong

Warn .others
Access to mobi]ity
Age ‘

Sex

Most groups, .

"A11 survivors

A1l groups

“AlT groups

Most groups,
AlT survivors

“AlT groups ..

All groups

. Most groups,

Al1 survivors
A1l groups
A1l groups

Survivors, -

Few non-survivors.

A1l survivoers, .
Few non-survivors

A11 survivors,
Few non-survivors

A11 survivors,
Few non-survivors

A1l survivors

A1l survivors
All survivors

A1l non-survivors,

Some survivors

A11 non-survivors,
Most survivors

yes

yes.

yes
yes-
yes

yes-

yes

yes

yas

yes

yes .

yes
yes

yes

yes
no
no

no

Lyes

yes

yes
yes

yes

yes
no

yes

yes

‘ no

no

no

no

no

.o
no

no

-

o

EY
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' APPENDIX D
DESCRIPTION OF VARIABLES AND FREQUENCY OF RESPONSE ‘BY GROUPS

Know]edge of B1g Thompson Caqxpn (N= 112 where N is the total
; number of groups)

Fu11 t1me resident 37%
Part-time res1dent/many visits
. to ‘canyon 42%
Tourist/few visits to | o
" -Rocky Mountains : 21%

Group Context (N=110)

Family . T 9y

Friends \ S 1%
Strangers N -2k
Alane ' _ . b%

. 1First?Iﬁdidation.Sométhing wrbng (N=51)

None " "~ . o 4%
Heavy rain 19%
Rising river 37%
“Warning . U 27%
" Sound of r1ver 1% -

Warning received? (N=51)

Yes o | 39%
" No o o - 60%

Warning Received from Source (N=20) |

Stranger L - 20%
Friend - , 207
*Sheriff's Rep ' . 45%
Loveland Police D1spatcher _ 15%

. _How Narn1ng wa; Received (N=20)

Telephone . 529 .
Bullhorn/loudspeaker 4%
-Face to Face 21%

- Siren - ' 5%

. Content of-Message‘(N%ZO)

~ " Flood danger . 0%
Fiood danger/get out . 42%

' Flood danger/go to higher ground 26%
* Flood .danger/warn others 21%

~

- B



10.
1T.

12.

13.

14,

15

APPENDIX D (cont1nued)

. Number of warn1ngs Receqved (N= 20)

ERESE e
2 or more. N : o 38%

- Aid in D1ssem1nat1on Process. (N= 39)'

Yes. . - 36% - -
NG ‘ S e

Attempt at Confirmation (N=36)

Yes B 889

No - = AR

Access: to MobiTity (N=243)

Yes = o . 904

No ' - 9%

Age (N=111 where 111 is the total number of ‘groups)

1-15 _ 0

16-30 : SR b1
31-45 16%
46-60 . 15
61-75 . | 26%

76-90 T . 6%
Area of Canyon (N=111)

Out either end : 4

Cedar Cove and below 309
North Fork . 5%
Drake and Waltonia 28%
Above Wa]ton1a ' 22%

Unknown . o 11%-

Number of People in Group,(N=11T)

]- 12%
2 '43%
35 3
6-10 =~ | ' 9% .
10+ - - 5%
_OccuEatfon (N=111)

Worker - .80
Retired . = - C13g

Student o - | TR

e

i



16.

17.

18.

APPENDIX D (cont1nued)

0r1g1n, StartTng P01nt (N=1]T)

Car -

Buildind (incTuding pr1vate,
commercial & tra110rs)

~ Camping, outside

Kind of-Warn1ng_(N=1iT)

Environmental Cue, none

- Official,, unofficial

‘Action Taken (N=111)

Something -
Nothing -

(N=65)
Climb

Drive - -
‘Other, another part of the

. house, safety, then danger

40%

284

- 61%
10%

70%

30%

58%
411

26%
33%

45

i
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APPENDIX E
VARIABLES USED IN THE DISCRIMINANT ANALYSIS

.deét1on in thé Canyon (measured by d1stance to Estes Park)

1. Outs1de Estes Park . g

2. * Above Waltonia and Glen Haven

3. Drake Waltonia

4, Outs1de Loveland and West through Cedar Cove

warn1ng Rece1ved

1. Yes
2. No

Startﬁng Point

1. Any building
2. Car
3. Qutside .

Know Big Thompson Canyon

. 1. Well, full-time reéd1ent
- 2. Part-time resident, many visits
3 '_Tour1st

[t
—
—

Action taken, yes
2. No action taken

People .

D wpo—
—_ WP —
I

Survived

—

.
4]
n
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| © APPENDIX F N
. TABLES [FROM CONTINGENCY AND DISCRIMINANT ANALYSTS”

I
fre|

The chi.square and :the Cramers V are both relative indicators of the

. Strength-of the relationship which may exist. It must be remembered

. that these are.relevant-only in this particular sample of those in the . -
- .canyon during the flood. : — L
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