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! |slead|ng the publlc by
10 | xtré ts the
. 100-Year Storm™?

\:«-

Changing the scale from
Rarity ... to ... Severity!




Where Am | Going With This?
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~Brookfield is at the top of the leb*-c.ontlneh{al
divide, we don’t:have floodlr@ N, X
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“* Historic T e w,vﬁe:n_,l_:s:-
= March 1€ T
= June 1917
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- £Junedo40 -

= March 1960
‘July 1961

2 Siétﬁfember 1972
“~April 1973

“~August 1986
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x In comes
: IC ensues
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“~100 year storm

&5, Dry weather 3. Study problem
returns § Identify solutions
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of Hydro-illogic Cycle

"‘?."‘August 0, 1998 —11.35"in 8 hours
=June 7 - 8, 2008 — 5:8%in.24 hours
- June 19, 2009 — 4.8+” in 3 hours
= July 22, 2010 - 6.2" in 20 hours

___“"Five 100-year storms or larger in 14 years




it Does the 100-Year Storm
*Look Like In Brookfield?

aries depending on duration

) ,—f-'[ : .' '! _ ,J. 1-41;"}”] ! ! .
. #*2.82"1n 1h |

- #3.64%in 2 hours

“4.70” In 6 hours
=5.25"1n 12 hours
= 5.88"In 24 hours
“~6.26” In 5 days

" #7.46" In 10 days




POINT RAINFALL INTENSITY —~DURATION —~FREQUENCY CURVES
FOR MILWAUKEE, WISCONSIN®

CURATION OF $ MINUTES TO 180 MINUTES
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*The cunes are based on Milwaukee rainfall data for the 108-year period of 1857 o 1998
Sourca: Rodgers and Potser and SEWRPC
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= 2" rains are different’depending where you are

“Need something that can be used consisténtly
across the country

:.-l"’--":" LA . ot . ] i
U= Account for variability in these storms by region

~ Ui B~ Ban, on-Sis L~
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can two 100-year storms
occur in a row?

- ®Aren’twe clever?
= Public knows 1% = 1/106
“~They figure out that
It's the 100-year storm :
=Now they feel like we tried [C\S
ytodeceive them |
hldlng behind probabllltles




ility of .the 100-Year Storm

'flOQ,year event: p = 0.01

~100- yéar'event QCWH arow?
*p*=(0.01)°= 0.000001 or I'in"a million

“Not always Intuitive .. .

“ Probability of 100-year event occurring at least
once In 100 years?

= 1-(1-p)1%9=1-(0.99)19 = 1-0.366 = 63.4%

™ Public thinks it would always occur once every
+7100 years Ra—
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" Extréme Events

,» relayonshlps
= 100- yeaHévent 0CCurs ¢
S (1-p) (YD) *(R=Y)Y
= 141%0.015%(0.99)° 451*9l.= 1 in 5.5 million

“~|s this pretty rare?
“ Consider what people are willing to'gamble on




failed the tast,

1 For those who 1

Lottery: 1 in 195 million
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" One.Fatal Flaw

n't understand statistics
= Public’ s response t _ |
=“Oh good,.we're safe for another 99 years.”

e
“* Two 100-year storms in a row?

““This storm was different than-last year's
storm, so they both can’t be called the 100-

meaksiorm. Can they?”

el |
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= Mark Twain said, “The more you explain it, the
more | don't understand it”

ok ’.f'.’f e, . - I r
7= Public more likely to respond this way

n (
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L Public-Response

mt (\,) .II'I\"S “Disbelief

. ®Loekifor.someone to blame
= Affects our credibility

= Less likely to take our

ELINTEASTW[IIJIJ advice In future
“TANC 'TM uwu




"% lIsn'tit Time We Start Thinking
= Outside of the Box?







8.9 Largest Recarded #**
[ (0fishore Chile, 1960)

RICHTER SCALE

A Alaska, 1964

GRAPHIC Hew Madrid, MO, 1812
REPRESENTATION GREAT | San Francisco, 1906

{Compaied by V. J. Ansleid)

= Richter scale

*Measurement of
“Energy released
“~ Strength

# Duration of Iits
seismic waves

Great Devastation
EXAMPLE: and Man

S S Y
SEISMOGRAM FROM STD. o™
SEISMOGRAPH 100 KM Fatalities Possitle

Loma Prieta, CA, 1989

Damage Begins *
Fatalities Rare
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MAGNITUDE =

LOGARITHM (BASE 10) OF MAXIMUM AMPLITUDE MEASURED IN MICRONS **

% EFFECTS MAY VASY GREATLY DUE 10 CONSTRUCTION PRACTICES, PCPULATION DENSITY, SOIL GEPTH, FCCAL DEPTH, E1C.

sk MISEDX « & MILUONTH OF & METER

%K EQUIVALENT TO A MOWENT MAGNITUDE OF 5.5
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&N Other.Natural Disasters

-
=

1.5 m/s
900 mph V = 1‘37031'5 mph = 0.836B T

V= 141(F+2) mph = 6.30(F+2)"° )M” 400 o TOrnadOeS
w

V = (742+1.3t)M mph = (331+0.6t)M

800 M1.1 " sl
350 '

!/
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| 2007)
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300 F5, INCREDIBLE DAMAGE . , I n te n S Ity
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gt — “~ Area affected
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g Other.Natural Disasters

* Hurric ol
= Saffir- Si':fnpson A

‘scale
~Measurement of

“~Barometric
pressure MINIMAL

“Wind speed
- & Storm surge | PRESSURE(baIS) A—

DAMAGE LEVEL { '

980+ 979 964 944 <920

——




"Other.Natural Disasters

\ se. aatural dlsasters are rated
usmg probabilities intervals

= Use a.scale instead to rate the event

= Easily understood T

*The higher the number, the worse the
natural disaster




\ '_‘ Sure of Severity — Not Rarity

/i dlcates that people need to
"  severe storms

‘Severlty does not imply y could not

happen year after year
T ——————

“ Rarity implies that you're safe until the
end of the recurrence interval

“~Public less apt to protect themselves

" against.another intense rain event

gy P_e_rp,@tyates'thg‘hyq}rg-illog_ic cycle

- ——
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evise Termmology for Rain

=Don't call them 1
year storms

= Use a scale like other
natural disasters

A Eocus on severity, not

h 4‘ X
: _.,.f;,,i‘fzxe"f" rarity - i ._ \Aﬁfﬂ u / /ﬁ// el
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Rainfall Frequencies and Rainfall
ths for Southeastern Wisconsin

DuraM‘ar o-year 10-year 25-year 50-year 100-year

Lhour fio0™ \iBA _22amw250 222
\.2 hour —| 154 153 | ERNER NS sos

SN skce, | 207 MO 283 339 3.9

6 hour 1.95 240 279, 3.44 4.03 4.70
12 hour D 24| me ATAE (SR 3.89 4.53 5.25
24 hour 257 314 ' 362 441541 5.88
2 day 3.04 371 420 4.94 5.53 6.13
3 day 3.29 394  4.40 5.09 5.63 6.17
5day | 377 442 484 543 - 5.86 6.26

IORCy e g 542" | 5.89 1 ""6.55 | [7.03°  -7.46
Rainfall‘d3ta-is-based on-Milwaukdesrainfall data.for the 108-year period
of 1891 to 1998. Source Rodgers Potter,-and SEWRPC




I Rating.System Proposed

-.Rl = 2(G 1)

‘.?RI RécurreneeMin event

=G =the Category of storm

= Solve for G = 1+Log(RI)/Log(2)




i

urrence Lnterval
- Rair

— ol storr._-'

" D year storm 3.32

=y

10 year storm 4.32

25 year storm 5.64
o0 year storm 6.64
100 year storm /.64




acing the Recurrence Interval
to the"New Rating System

- Recurrence Interval

Storm ,- ‘
Duration | 2-year 5 -year —byear 100-year
‘1lhour

2 hour

3 hour

6 hour

12 hour

24 hour

-f?'f:.j-_.-‘ Focus'just on 24 hour duration events and

smaller since most peqple thlnk in'terms of .
a smgle day for rain total |




100-Year Rainfall Events
the Same?

i

. l . 4 :
= Numerous stormMr storm

= Vet they.are different

* |ntensities S

* Duration
*Impacts regarding flooding
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ferent Durations of 100-Year
ims Have Different Effects

L/ Ay
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%5 Ty -;e_'-'« s
. -~

=2 8 inches of rain in one hour will wash out
roads, culverts, and “flood” streets for a time

#5.88 Inches of rain In 24 hours causes rivers to
overtap with widespreagd, flooding
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0 Account for Differences -
Duration

op ratio of total rainfall by duration to
the 24 hour storm

= Use this ratio to factor up or down the

rating of the storm event..

= Total rainfall for X duration storm
otal rainfall for 24 duration storm




For.Example

| _'torrmthh 1 hour duration
‘Total ralnfall IS 2.8 |
~100- -year.storm with 24 hour duratlon
= Total rainfall is 5.88 inches
=~ 2.82 [ 5. 067 ="
“Duration adjustment factor is 48%




jon Adjustment Factors

Recurrence Interval

Storm Dura'u!ear m 10 year 25year S0year 100 year
Lhour [ 51% 1% “B@%

“2hour  60% 61% T62%  62%
3hour  |1659%..66%  66% 66% 66%  66%

6 hour 6% 76% ﬁ??*o"‘ 78 % 79 % 80 %
12 hour 87% 87% 88% 88 % 89 % 89 %
24 hour 100% 100% 100% 100 % "100% | 100 %




0 Account for Differences -
Intensity

"'untﬁaf rain in shorter tlmeframe
should—be rated highep« '

= Use 100-year storm as baseline per

duration storm = e

“~ _Total rainfall per X-year storm
otal rainfall for 100-year storm




For.Example

orm with 24 hour duratlon
‘Total ramfall of 3.6
~100- -year.storm with 24 hour duratlon
= Total rainfall is 5.88 inches
=3.62/5.88 =0.62
“ Intensity adjustment factor is 62%




|ty Adjustment-Factors

Recurrence Interval

Storm Quram&ar Qﬁéﬁm 25-year | 50-year 100-year

lhour | 46% 57% --b% 100%
" 2hour,. _42% 53% | 61% | 75% | 87%  100%

3 hour 43% 93% . 62% /5% 87% 100%

|

6 hour 41%  51% 59% 73% 86% 100%
12 hour 43% = 52% 60% 4%  86% 100%
44%  53% 75% 87% 100%




™ Gppy = = the Adjuste
~ Duration adjustment factor:

= Total rainfall for X duration storm

Total rainfall for 24 duration storm

“* Intensity adjustment factor:

“~ Total rainfall per X-year storm
Total-rainfall for 100-year storm"

el |
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hma 5-year 10-year 25-year 50-year 100-year

BRel 131 160 184 2.20 250 2.82

S anour e
MR 10| 193 223 2.73 3.16 3.64
~ 3hour || 168 2.40 2.93 3.39 3.89
2.79 3.44 4.03 4.70
317 | 389 453 5.25

~ | _-i
- s. .
Storm
Duration 2-year 5-year 100 -year

_ lhour  51%  51% | 519% 50% | 49%
"2hour || 60% . 61%  62% 62 % 62 % 62 %
3hour | 65% || 66% | TEEUNNN 6606 66 % 66 %
6hour  76%  76%  77% 78 % 79 % 80 %
12hour  87%  87%  88% 88 % 89 % 89 %
24hour  100% | 100% | 100% | 100% | 1009 |/ 1009%

-

Storm
Duration 2-year 5-year 10-year 25-year 50-year  100-year

1 hour 46% 57% 65% 78% 89% 100%
2 hour 42% 53% 61% 75% 87% 100%
T IA F 3 hour 43% 53% 62% 75% 87% 100%

6 hour 41% 51% 59% 73% 86% 100%

- _’1:2 hlour __(!13”1 - _53_% : QQ% 74% 86% 2l 00%6

24 Hour 44% 53% T 7506 87% 100%

.




acing the Recurrence Interval
N | _3_ the'New Rating System

Recurrence NEE

Storm D e y
Duration

1 hour

Hh

2 hour

3 hour
6 hour
12 hour
24 hour




ity & Duration Adjusted
Category Storms

Recurrence Interval

Storm __ﬂ Tt ""
Duration 2year 5year ‘b/ear 100 year
ELCTAN o | 1

2 hour - 1

3 hour
6 hour
12 hour




fing Rainfall Frequencies and Rainfall
hs for Soltheastern Wisconsin

rrence Interval and Depth of Rainfall (inches)

| rﬁﬂr 5$ar “‘ar 100 year
L | ase | 1es | 223
o e
12 hour

24 hour 2 57" 3 14" 5 117

= |f rain exceeds these values

— Y

Interpolate to next thher Gxfactor

p————

—
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N Storm Severity Index

ratm_gb Descrlptlon of rain event
| w

S Major
Extreme
Catastrophic

-




Kfield FElooding Revisited

‘June 20 - 21, 1997 _
‘August 6,.1998: 11. 35” in 8 hours = G-10+

N

June 7 - 8, 2008: 5.8” in 24 hours = G-8
June 19, 2009: 4.8+"In 3 hours = G-/
July 22, 2010: 6.2" In 20 hours = G-9

™ No implication of rarity!!!

el |



h ﬁT

as Vegas, Nevada

Total rainfall (inches)
Recurrence Interval

Stor

Durauon 5 S‘ﬁ&m 25-year | 50-year 100-year
Lhour 0L | 03 ---m 165

R 060 007 1.70 2.02
3 hour 069 0.95 .1. 1.50 1.78 2.09

‘——'7

6 hour 0.83 1.15 1.41 1.77 2.07 2.41

12 hour 098 136 164 204 _ 236 2.70

24 hour 1.10  1.50 "TUTi80... 2 e 2.83

2 day 1.18 " Tl MT 193 T 235WEo 68 3.01

il 4 day 1an . e 2 2 60 204 3.29
X O e o0l " 23g 288  B.24 3.60

10 day ru‘ —1.58 2.1-7_' 2.38 3,__0_9_ ¢ B.47 3.83 -
= Source NOAA website : e




'Las Vegas, Nevada

Recurrence Interval

<75 it}

Ditrc;rtrgn ‘”2 year 5year ‘_byear 100 year
zhour KT I

znour [

JIUEN o | 1

shour [ ESE

12 hour --

i ', 24 hour -




h ﬁT

‘ Washington D.C.

Total rainfall (inches)
Recurrence Interval

Storm !
Duratron..,q r 5.;?"“: 25-yean | 50-year 100-year

— TN a5

'h"-'*our"--....;ljl 2.1 7 . —— 3.42 3.85

3 hour RO T 327, 373 w421
6 hour 224 283 332 403 464 5.31
12 hour 270 3.4 ESZI07N RS 03NN ea 6.80
24 hour 3.15 405 484 6.05 7.13 8.35
2 day 366 469 557 691  8.07 9.37
e 06 g 529 | 6.17 | 7.62 . 8.89 10.30
7day | 469 " 593 | 699 | 858 094 1145

10 day F=5:34 - —6.67_ P8 -.040. ~ 1076 .-12%23

= Source: NOAA website « =




& \Washington D.C.

Recurrence Interval

7 !
DSL’Itrc;rtrgn ‘”2 year 5 year ‘_hear 100 year
tnour [T T IO
U o | 1 1
6 hour
12 hour
i ', 24 hour -




*Iﬁemr;et\bretween )
durations to pick the right

category storm

“~Or develop a look-up
table or formula to
__Interpolate (any interns
7 avallable for a unlque

project?)




Criticism.and Scrutiny

"™ Does not address:
\tecedent moisture,

__ *soll types,
~% of impervious cover,

~etc. :
= Not intended to!

* These relate to runoff,
not the rain-storm event




ISt ¢ 2r name for
J'f .3I-';." -l.:".__’ St Y

.hat"the '
pointl ‘

-
“* Better way to
communicate to public

“ Severity, not rarity, IS
key to public’s
understanding




= Does not requ1re 0
‘engineering

= Generally consistentWith-rating systems
for other natural disasters

* Easy to understand
waBigger the number, the bigger the storm

el |




/ Intages.of a New System

roprlate scallng factor

~The 50-year stor}*'n is e 100-year
....storm as some mlght assum |
= |t is almost as big (Typically onIy 1 unit away)

= Uses different terminology than for floodplains

“~ Avoids confusion that 100-year storm always
results in the 100-year flood

‘Or that the 100-year flood can only occur when
~there’s a 100-year storm

——




',‘ Antages.of a New System

_'; pIthat big storms are rare

=~ Minimizes cr|t|C|sm
‘general disregard for hydrologic or
engineering descriptions-of the event

“~Makes It clear to people that these are big
storms that we should take seriously

s lDCENTS people to protect themselves
Y against larger event

el |




Ig this.ldea to the Nation

| to numerous professional
e A S
S ®mWAFSCM, WIFAP SCE
= Central States WEA

=~ ASFPM national conference
= NWS - ER Flash Flood conference

* Lots of encouragement
koellow-up with NWS DC office




ational Weather Service
tegic Plan Comments

nment that we should re-label
extreme rainfall ev lic
“understands their severi

“ Second most agreed~with.comment on the
website: 166 people agreed

“~Thanks for those who agreed
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DOWNLOAD NOW iTunes
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.
~For cog;es of this presentatlon or white paper

emall I me-at: gnsa@u b‘rookfleid WiUS -

——————— P
g ————




