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INTRODUCTION 

Since 1979 the Urban Drainage ~< Flood Control District 
(referred to hereafter as District) has sponsored a flash 
flood prediction program (F2P2) for the six county Denver 
metropolitan area . The six counties served directly are: 
Denver, Boulder, Jefferson, Adams, Arapahoe a n d Douglas. 
Additionally site-specific prediction s are given to Lowry 
Air Force Base, Aurora, La kewood, Whea"iidge and 
Consolidated Mutual Water . This report presents a 
verification of the 1987 operational season a nd identifi e s 
potential improvement areas to be addressed for the 1988 
season. 

VER IFI CATION OF THE 1987 F2P2 OPERATIONAL SEASON 

A continued hi gh level of support was ach i eved in the 
1987 F2P2 operationa l season despite a r ecord number of 
operational e x cessive convective rainfall da ys which 
challenged the program. Important new exper ience in 
providing h y dro-meteorl ogical support to users was ga ined b y 
the mutual interaction of HK A meteorologists and District 
hydrologist Kevin Stewart in supporting the Len a Gulch Warning 
system . Three major urban fl ash flooding e ven ts occurred in 
the District wh ich were accuratel y forecast but identified a 
n umber of program improvements whi ch could be achieved. 

A summary of verification statisitics achieved b y the 
program for the 1987 o perat iona l season as compared to the 
previou s five year a verage i s presented in Table 1 . 

Ta b l e 1 1987 Operational Verification Results for th e 
UDFCD Flash Flood Prediction Program 
Conducted by Henz Kelly & Associates 

Number of Messag e Days 

Perc ent correct District 
Message Day forecasts 

Distr ic t Message Day 
False Alarm Rate 

Percent correct Yes/No 
Daily Forecasts 

Percent c orrect County 
Message Day forecasts 

County Message F a lse 
Alarm Rate On Message Days 

1987 

40 

87/.. 

13% 

96% 

60% 

40 % 

Percent of heavy rain events 100% 
forecast in Messages 

Average 1982-86 

31 

84% 

16% 

96% 

551. 

45% 

99% 
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The statistics in Table 1 p~esent 1987 F2P2 ope~ational 
~esults on both a Dist~ict-wide basis las in past yea~sl and 
on a county basis Ifo~ the fi~st timel. The ~eason fo~ the 
expanded statistics is the imp~oving ability of ope~ational 
meteorology in general to forecast convective events. In 
1979 wh e n the F2P2 sta~ted no one in the weathe~ p~ofession 
believed sto~ms could be fo~ecast to occu~ in an a~ea the 
size of the Dist~ict befo~e they occu~~ed. The National 
Weather Service issued severe weather warnings for areas the 
size of several counties with a false alarm rates of over 
80%. The Dist~ict·s F2P2 set a new national standa~d fo~ 
convective forecas"ting over the next 9 years. 

Within the F2P2 the Dist~ict-wide Message day forecast 
continues to be 87% co~rect with a District-wide false alarm 
rat e of 13%. This statistic means that on 87% of the days HKA 
issued a Mess a g e for all or p a rt of the District a heavy rain 
or fla s h flooding event was obser ved within the portion of 
the Di str i c t recei vi ng the Message . I t does not i mpl y that 
all the counties receiving the Message expe~ienced a heavy 
~ain o~ flash flooding event. 

No heavy rain events occu~red within the District in 1987 that 
went unforecast. Messages were issued on six days for which no 
heavy rain events were noted. On four of these days seve~e 
weather events did occur as heavy thunderstorms crossed the 
Dist~ict. It is possible a heavy ~ain e v ent went un~eco~ded 
and verification effo~ts are still in p~og~ess. 

Verification of Message day se~vice in the Dist~ict is 
e v ol v ing. An effo~t was made this summe~ to c~eate a ~ata 
base of all hea vy rain events occu~ring in the District or 
~epo~ted to the F2P2 since 1979. Using this data base all 
Messa ges were verified by the occurrrence of a heavy rain 
event in each county fo~ which the message was issued. 
Again the issuance of heavy rain o~ flash flooding event 
forecasts fo~ small a~eas the size of a county is not considered the 
national standard at this time. Howeve~ the effective use of 
resources in the counties requires that the forecast be as 
definitive in time, space and quantity as possible. Basin-
specific forecasts are being routinely requested as are storm 
track, speed and associated weathe~ e vents. 

The re-ve~ification of the Messages issued since 1979 and 
the 1987 operational season a~e discussed in detail in the next 
section of the report in detai 1. In gene~al 60% of the 
Messag es issued to individual cDunties verified with a heavy 
~ain o~ flash flooding event in the county o~ portion of the 
county included in the Message. Thus the false ala~m r a te on 
a county basis was about 40% o~ simila~ to the ~esults of 
the past fi ve years. 
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It should b e noted that the county Message day 
ver i fication i s b ased on a data base that may be full of 
h o l es , especially from years past. Many heavy rain events go 
un-noticed or reported each year. However we feel that it is 
of valu e to tr y to evaluate the service being given to each 
county. Thus atleast 60X of the indi vidual county Messages 
verified during the 1987 season. On about 25X of the Message 
days severe weather e vents in the form of tornadoes, high 
winds, ha i l o r funnel clouds were noted over the cDunties in 
the District. Forecasts and information on these associated 
we ather events was provided upon request to the counties. 
The percei v ed value of the county Messages was enhanced, we 
b e lieve, b y these weath e r e vents and the support recei ved 
by the counties even if a heavy rain e vent wa s not observed. 

We believ e that an acceptable count y Message false 
alarm rate is 20X. So far only the Boulder and Adams Count y 
false alarm r ates are this low. Denver, Jeffer son and 
Douglas County false alarm r ates are close~ - to 60X whil e 
Ar a paho e County, Aurora and Lowry AFB are about 50X. Part of 
the reason for the high fals e al ar m rate in Jefferson a n d 
Douglas Counties ma y be th e lack of ground truth reports of 
flooding events that actually occurred. In Den ver , Arapahoe 
and Douglas Counties the mesonet surface weather station 
cover a ge is much sparser than it is in the northern suburbs. 
More detail on the forecast impli cat ions of this weather 
dat a sparseness on th e forecast problem will be entertained 
in the n ext sec t ion of the report. 

Finall y information is presented in Table 2 below on the 
monthl y issuance of Me s sages and thunderstorm 
ad v isoriesCTAI. The occurrence of 40 Message days in the 
1987 operation a l season days broke the previous record of 34 
set in 1982. Thunderstorm advisories were issued for another 
2 0 day s when near-Message leve l r ainfa ll was expected or 
intense storms were likely t o occur . All thunderstorm 
ad v isories verified. 

Table 2 Monthly Message Day Verification for 1987 

Month # Me ssage Days # Hi ts # Misses # Thunderst orm Ad-
visory Days 

----- -------------- ------ -------- ------------------
April 0 (I (> 0 
May 13 1 1 2 8 
June 10 8 2 7 
Jul y 10 9 1 4 
August 10 9 1 1 
Sept 3 3 0 <) 

Total 46 4 0 6 20 



p'age four-

Thr-ee major- fl a sh flooding event days occur-r-ed dur-ing 
the 1987 oper-ational F2P2 sea son: May 17th, May 23r-d and 
June 8th. On May 17th Messages wer-e issued between 1145MDT 
and 1202MDT to the entir-e Di str-ict calling for- gener-al 0.50 
to 1.00" / hour- stor-m rainfalls and isolated thr-eat of 1-2" in 
a stationar-y stor-m with hail and a possible tor-n ado in 
Douglas or Arap a hoe County. The valid time of the Message 
cov ered from noon until 1900MDT with some slight variations 
b y county. Sev ere thunder-stor-ms c r-ossed the Distr-ict fr-om 
Lakewood (1325MDT) to Aurora <1530MDT) dr-opp i ng hai 1 and 1-2" 
rains in 30-45 minut es . In Aurora a strong thunderstorm went 
stationary over Iliff and Chambers about 1515MDT. Updates to 
Aurora between 1506 and 1549MDT forecast 2'1 of rain in the 
next hour wit h hail and a brief tornado thr-eat in the 
southeastern part of the city . DOLlglas County was warn ed of 
both the rain and tor-nado thr-eat. Serious street flooding 
occurred in Aurora with an estimat ed 1.75-2.75 11 at Quincy 
and Parker- Rd. A torn ado touched d own 2 miles north of 
Parker- about 1515MDT. All counties r-eceiving a Message 
r- eported str-eet flooding . Ver-y effecti ve ser-vice was 
r- ender-ed to th e counties fo r- this event . 

About one week later- on May 23rd almost a r-epeat 
performance was noted. Messages were iss ued to the entire 
Distr-ict between 1330MDT and 1400MDT calling for 0.50 to 
1.50 11 of rain in 30-45 minutes \.'Jith hail. The 1'-1essage was 
valid from 15i)O to 2200MDT across the District . About 1550MDT 
as storms developed Update statements were sent to Arapahoe, 
Adams and Douglas counties calling for- up to 3" of total 
r-ainfall with hail over- the next 60-90 minutes. Ser-ious 
flooding occur-r-ed o ver the Tollgate basin in Aur-or-a and o ver­
SE Aurora. Rainfall estimates of upto 2.50" ~Jere r-ecei v ed 
from Aur-or-a. Str-eet flooding also occurr-ed in Denver, 
Arapahoe and Adams Counties. Again very effective ser-vice 
was deli vered to the c ounti es and all counties r-eceiving a 
Mess age repor-ted street flooding . 

The final significant event occurr-ed the evening of June 
8th across Lena Gulch, no rther-n Jeffer-son Count y and over-
most of Denver County. A gener-al Message was issued for the 
entir-e District between 1530- 1600MDT calling for- 1.5"i30 
minutes and up to 2.50" total r-ainf al l fr-om thunder-stor-ms. 
The vali d time for the Message was fr-om 1600-2300MDT . 
Between 2000MDT and 2230MDT ser-ious flash flooding occur-red 
over Lena Gulch in Jefferson County and portions of 
downtown Denver- Count y. Len a Gulch r-ecei ved about 2.00" in 
9 0 minutes between 2030-2230MDT which caused Lena Gulch to 
fill and slightly o ver-top. Some street flooding was noted 
along the Gulch and evacuations wer-e considered. At 2050MDT 
a very effective statement concer-ning the r-ainfall was 
isssued t o Jefferson Coun t y and Wheatr-idge and at 2116MDT 
Lak e wood was notified. Based on UDFCD wr-itten guidance of 
2" in an hour cr-eating a floodi.n g pr-oblem and the HkA 
forecast calling for 1-211 b asin average rainfall by 2200MDT 
authorities were ready. In Den ver similar heavy thunder s torm 
rain forecasts were i ssued at 2036MDT for portions of the city , 
especial ly 1-25 and Speer Bl v d. wh ere heavy flo o ding was anticipated . 
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Unf ortunate l y this Update was called to Denve~here 
an un au"tho,..-i z(?d per ~:;on a nswer- ed the phone and~~he data. 
Proper procedure called for Denver F ire Alarm to get th e 
call and p age F'ager # 629. When~answered it was assumed 
wrongly th at th~ad been activated on the basis of the 
earlier Message's content and subsequen t storm development 
The da ta was never recei ved by the on -call ~ off i cer" Thus 
this update was not received and Denver experienced less than 
perfect support. Thi s communic a t ion s problem has since been 
eliminated with appropriate changes to the HKA SOP. 

Se veral key factors emerged from the June 8th case: 

d. Th e Message was issued at 1530MDT due to lack of confidence 
about the location of two key upper air features, a 
closed mi.d-Ievel circL~ion · and a lld upper leve l short 
wave trough. Both of these features are routinely 
monit ored by u se of color satellit e IR animation but 
satel lit e information was not available to HKA due to vendor 
sector problems and 60-90 minute d ata t,..-ansmission 
delays. Better satellite support c OLlld have allowed 
ear"lier Message i ssuance. As i t was the Messag e was 
issued just before shift changes and the end of the work 
day and it 'Imay h ave fallen into the crack " f o r some 
users .. 

POINT: Satellite information needs to be recei ved 
and used to improve timing. 

POINT: Impr oved communications is n eeded to speed 
Messages to users. 

b. A communications/operations crisis hit at HKA when the 
r adar screen lit up between 2015-2045MDT and a 
large portion of the District was subjected to heavy 
rainfall. Many user s wanted to be supported 
simultaneously. Crucial analysis and display of mesonet 
and radar dat a was pos tponed to handl e the communications 
bottleneck which ensued. 

At the present time mesonets must be acquired by manual 
telephone modem interaction and then manually plotted. 
Additionally mesonet data must be entered into the HKA 
Excessive Convective Rainfall mo del to assist in rainfall 
estimates and radar interpretation. While rad ar data is 
continuoLlsly recei ved at H~::: A, a I!poor man 'sl! echo 
animation i s achieved b y manually entering sequential 
radar images into memory and manually pushing button s to 
activate each memory bank and "animat e l! radar echo 
movement patterns. These crucia l manual exercises were 
n ot physically poss ible to do during the communications 
crisis. Th e radar display was not animated and th us stationar y 
and quasi-stationary rainc e l l could not b e quickly identi fied . 

POINT: Mesonet coverage is l acki n g and sorely weaken s the 
abi Itf\,yy to support F2F'2 Llsers in Denver and the 
southern Di stri ct . Additionally it weakens the 
ability to i dentify moisture flux focal points 
into the storms. 
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POINT : Lack of radar echo animation cap a bilit y and 
effecti~e radar echo b as in overlays weaken s the 
abilit y to i ssue point spec ific updates and storm / b asi n 
r ainfa ll for ecas t s . 

POINT: Communications n eed to b e more immediate to the 
user during crisis situation s . The s ystem must be 
o ver -designed to h a ndl e the crises wh e n it is 
really needed not the day-to-day situations. 

POINT: The ability to di sp lay and pl o t meson et and rad a r 
d ata s imult aneously is n eeded t o hand le the 1 t o 3 
serious storm situations whi ch hit the District 
every summer. Thi s in vestment mu~t b e made . - '._- --------'--~--.-- . - ----, 

c. Hydrologic al aids provided to HKA for use in the Lena 
Gulch warn i ng pl an rang ed from ex tremely usefu l t o 
barely adequate t o handle the June 8th cri s is. The 
alarms o n t he Len a Gulch bas in alerted the duty 
meteorologist to th e heavy rainf al l rates o ccurring from 
low in tensi ty radar ech oes that could h a ve been 
overlooked in the busy wor k environment of 2000MDT to 
2100MDT. These alarms as s isted in prompting the 2036MDT 
Upd ate forec ast to Jef f erson County a nd vJhea if'r: i dg e 
concerning Lena Gulch floodin g. On th e other~nd 
h ydro log ic a l d ecision a id s prov ided to HKA indicated pr ob lems 
the Gulch wh en b asin a verag e rainfalls reac h ed 1.96". Hf(A 
recei ved r oad topping reports after less th a n 1.00 11 bas in 
a verage had been rea c hed b y 2130MDT. Evacuation guidance 
was requested at this time and was given. It is suggested 
that the hi g h inten s ity of the rainfall ma y have affected 
the runoff in the Gu l ch and res ul ted in the slow estimate 
o f r unof f problems in th e dec ision aid. 

POINT: Co nt inued development of h ydrologi cal deci s ion 
ai ds is needed . Di alog ue has begun to support this 
e ffort but a commitment is n eeded to insure the 
res ul t. Deci s ion aids a r e needed for a ll basi ns in 
the District where P£t e n t ial ~ss of life or of 
significant propert y ~~ossible. Additional 
basi ns bes i des Lena ~ul ch i ncl ude Bear Creek, 1 
Turkey Creek, Ral s ton Creek, Tuckerl 
Gul ch /f<i nney' s Run, TollY~ate Creeks , Sand Creek 
and Cherr y Creek could ~ t argeted for alds. 

on 

? 

j 
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POTENTIAL F2P2 IMPROVEMENT AREAS 

Several areas in which specific improvements in F2P2 
service can be achieved are: improved spatial spec ificit y of 
Messages, improved communications, improved h ydro logi cal 
decision aids, improved mesoner data, abi lity for basin 
scenario modeling and historical recording of major storms. 
Suggested improvement areas are detailed below: 

a. IMPROVED SPAT I AL SPECIFICITY OF MESSAGES 

A detailed effort to re-verify all MESSAGES issued 
since the start of the program in 1979 has been mad e . 
An attempt was made to identify a ll heavy rain events 
that occurred in the District for MESSAGE days. We 
know that th e verification data base has hol es but it 
represents Il a best possible d atabase II from which to 
ass ess the program. 

The key findings of the re-assess ment indicate the 
f ollowing : 

1. From 1979-1982 heavy rain events were actually noted 
in only 40 X of the counties issued a MESSAGE. 
While the District-wide MESSAGE day verification 
was about 73X correct, 60X of the counties issued 
MESSAGES did not note a heavy rain event. At the 
time National Weather Service had a false alarm 
r ate of over 80X on a state-wide basis. 
Comparati vely the District F2-P2 count y fals e 
alarm rate was lower and more specific. 

2. Fr om 1983-1987 heavy rain events were noted in 
about 60X of the counties issued a MESSAGE on a 
MESSAGE d ay. The District-wide MESSAGE day verification 
improved to about 85X, however, about 4 0X of the 
counties issued a MESSAGE on a MESSAGE day stil l did n ot 
note a hea vy rain event. 

It is important to note that on the MESSAGE days 
in question those counti es which did not not e a heavy 
rain event usually e xperienced either severe weather 
events or thunderstor ms in most cases. Thus the 
customers ' perceived leve l of serv ice may have 
been enhanc e d by the timely occurrence of these 
other event s . In effect the counties were ready 
for what ever th understorm-type event occurred. 
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To summarize the District-wide MESSAGE day 
verification improved from about 72X in the 1979-1982 
period to aboL,t 8SX in the 1983-1987 period. In effect 
the District-wide false alarm rate was reduced from 
28X in 1979-1982 to ISX in 1983-1987. On these MESSAGE 
days the indi vi dual count y false alarm rate was 
reduced from 60X in the 1979- 1982 period to 40X in the 
1983-1987 period. In short the reduction in the false 
alarm rate is likely due to improved use of the 
Environmental Reserch Laboratory 's Mesonet ( a surface 
weather station n etwork ) and the development and 
operational application of the HKA Excessive 
Con vective Rainfall model. 

We believe that an acceptabl~ false alarm rate on a county 
basis is about 20% for the predicti o n of a heavy rain 
event. Please note that achieving this goal would require 
a SOX r eduction in the e xis ting false alarm rat e. It would 
requir e in our opinion a noteable improvement in the 
Mesonet weather data network, imp r ovement s in the HKA ECR 
model and possib le availability of ProfileI' data (vertical 
resolution of temperature, moisture a nd wind fields ). 

At pr esent we believe th at the 20X county false alarm rate 
has b een achieved in Boulder and Adams Counties. In part 
this is due to the heavy Mesonet st a tion concentration in 
the nort h ern half of the District. See Figure 1 and note 
that 9 mesonet(Sminute upd ates) and 2 NWS(60 minute) stations 
exist while in the southern half of the District 4 mesonet and ~ 

NWS stations exist. There is a crucial disp a rit y in 
availabl e information to serve the south half of the 
District and the interior City /Count y of Denver. 

The prime counties with high fals e alarm rates of 
about 50% are Denver, Jefferson, Arapahoe(exclusive of 
Aurora) and Douglas Counties. Improv ed service to these 
counti es should be one of our primary goals in the near 
future. One of our proposals is directed at a solution to 
this improved service goal. 

b. IMPROVED COMMUNICATION OF MESSAGE CONTENT AND DISSEMINATION 

The number of count y contact point s has increased from 8 
in 10 7 9- 1983 to 9 in 1984(Au rora) to 12 in 1987( La kewood, 
Whea+'y~idge and Consol idated Mutual). It is possible that 
the ,tX,mber wi 11 increase to i ncl ude Arvada, Th o rnton, 7 
and Northglenn in the n ear future. As the number of ~ounty' 
call point s incr~ases so too has the time required to 
issue MESSAGES. In 1987 a time study indicated that the 
telephone issuance of a blanket MESSAGE was about 20-25 
minutes . In several short-fused situations c rucial lead­
time of MESSAGES was r e duced by phone delays of 5-10 
minutes. Communication with Den ver wa s ver y slow, 8-15 
minutes , for p ager responses on weekends and after-hours. 
The dissemination of UPDATES was further slowed due to th e 
increased work load on dispatchers during poor weather 
periods. 



, , 

pag e nine 

Additionally we have concerns that the content of our 
MESSAGES and UPDATES has been unintentionally altered b y 
the time it is received b y the end user. We believe that 
th e electronic mail exper ience we h ave had with UDFCD 
indicat es that such an approach u si ng a dedic ated 
communication line to each county focal point should be 
established. Our sur vey in 1985 indicated an interest in 
this form of communication e x isted in each county_ While 
we do not propose to send the same statement we send to 
UD FCD each day, we could send othe r statements and all 
MESSAGES . 

A not ea bl e improvement was the addition of the mo bile 
phone. I tended tha concer n of local phone outages, 
allowed t'on -the-spot support II·. and improved veri f i cat i on. 

c. I MPROVED HYDROLOGI CAL DECIS ION AIDS ARE NEEDED 

Th e he a vy rain event of June 8, 1987 on Lena Gulch a nd 
a cr o ss th e District demonst rated the need for improved 
hydrological decision aids to ass i st HKA in suppor tin g 
Lena Gulch's Warning Pl a n and in reflecting the imp o rtance 
of starnl intensity on runoff timing and volume. 
Discusssions were held to identify these needs during 
August and we are hopeful th a t new aids are forthcoming. 

d. IM PROVED MESONET DATA NEEDED 

Additional lessons in hydro-met s u pport were learned 
with the o ver -forecasting of rainfall in Lena on the 9th 
of June when meson e t d at a and satellite data were not 
ad equate to resol ve the fine degree of specifici ty need e d 
to foreca s t the small-scale basin rainfall event. This 
s ame problem was encountered on Jul y 30th and Augus t 23rd. 
In each case a degree of meteorlogical forecast 
speci ficity was needed that the data field existing in the 
Di s trict could not resolve adequatel y in an operational 
setting . The resolution of this problem may be the 
d eve lopment of a commercial mes onet of sufficient 
resolution to address the forecast needs. 

e. ABILITY TO DO BASI N SPECIF IC HYDRO-MET SCENARIOS 

A need h as been identified for an operational cap abi lit y to 
ass ess the impact of forecasted r ainfa ll in time a nd sp ace 
on s pec if ic basins within the Di s t r ic t . In eff e ct th e 
ability to assess the runoff potential of a pred icted 
ra i nf a ll event. TI,is scenario capabilit y would assist in 
identifyi ng "hot spots" of trouble in the District on a 
dail y basis. The solution to this need will be th e 
in terface of meteorolog ical and h ydr ological models and 
th e professional asses sment of the model output. The 
Di st rict and HKA took a bold st ep foreward the p ast two 
year"s by interfacing t ogether on critical weather d ays 
wi thout mod e l support. An apprec iation for mutual and 
e xclusive problems inher ent in scenario and opera"tional 
decision-making wa s gained. However the need exists for 
t h e ob j ective evo lution of t his interfac e into b asi n -

e , , .... ,1""1,-"1..- + 
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f. HI STORICAL RECORD OF MAJOR DISTRICT STORMS 

A record of the imp act and the spatial/temporal 
distribution of r a inf a ll b y significant rainstorms 
occurring within the District is n eeded. Such a record 
would enhance the deve lopment of scenarios for county 
exercises, the plann ing of flood mitigation projects and 
the development of a c limatolog i cal record of l ocal 
rainfalls for u se in future construction projects. 


