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Contributors to
BFEs
Approximate
Magnitudes

Long-term lake level changes
«Seasonal lake level changes
«Storm waves and surge
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Measured Data Sources

*NOAA NDBC wave and
met buoys (removed In
winter)

*NOAA NWS land based
weather stations

‘NOAA NOS water level
gages

*100+ years of data at
some locations to evaluate
statistical approach to
water levels and storm

sampling issues
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Long Term and Seasonal Lake
Level Changes
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Modeling Approach

Desire for unbiased and defensible wave and
water level estimates for BFE determination—
rigorously validate all models

Models forced with wind, atmospheric pressure,
iIce fields from NOAA

Lake-scale storm surge modeling using ADCIRC
Lake-scale wave modeling using WAM

Higher resolution shallow water wave modeling
using STWAVE in some areas

Coupled shallow-water wave and surge modeling
In southern Green Bay

Nearshore dynamics incl run-up using CSHORE
Simulate historic storms at synoptic lake level

Considering storms during 1960-2009 period

B
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NOAA GLERL Ice Cover Data

°|lce Concentration
Data Base
(1960-1979)

*Digital Ice Atlas
(1973-2002)

*Recent Digital
Data
(2003-2009)

-Data only
available since
1960

‘GREAT LAKES ICE COVER
: Februaryg 1,1990 :

= Intefrpolated Data
No Data :

S e S
Great LakeséEnvironInenti
Research Laboratory :
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Measured Met Data Availability

Active Station Locations for STORM: 1993-268
Number of Stations: 24
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Options for Specifying Wind Fields

NN-05D-72SRes Storm6A-1993-268 Basin (Res 0.02 °)
Wind Spd and Dir at DATE: 19931001080000
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Storm Surge Modeling with
ADCIRC

*Coupling of lakes
required to accurately
model water exchange
between lakes associated
with moving low pressure
systems

«Can increase water level
throughout Lake Michigan
and Green Bay by as

much as 1.5 ft

B
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Sturgeon Bay Canal.

Lower Green Bay and Fox River
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Water Level Measurement
| ocations

£ CU— P,

< ) 1 ‘.._; ¥ 3 s gt e
A 2. Port nlan-d o ,M““mﬁ'fv‘.‘e‘“‘ e De Tour Village S
A o P A
, & = T
Menominee 4 & . i " ( N . “grans
.2 i & S \ Alpena ’1 5
e 4 ~ S G ¥ = { &S
o {7 ‘ .

/“Sturgeon Bay Canal — / e \ )

—~ \ { ) {
4 / ) v‘.-'
Gr“ ® Kewaunee ‘f { Ve

( ..8Ludington / - & 13
" G Harbor Beach | {
o4 '

Essexville \

L11 -
; Lakeport.. ¥
Mnmuk@ )
1 @olland

\

T 'uumet Harbor




ADCIRC Model Comparisons to
Measurements (Dec 1990 Storm)
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Lake-Scale Wave Modeling
Using WAM

WAM-CY451C CFSR Basin (Res 0.02° ) TEST CASE: STORM1-1990-331
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Active Point Source Wave Measurements 1979-2009
Number of Stations: 9

88°W 87°W 86°W 85°W 84°W

Wave Dir,

(m/s]

pd

0
h=

Win

Dir

o

Win

NNSMTH-CFSR [STORM1] BASIN WAM4 51C [-86.4 ° /4534° | BUOY

NDBC = 45002 [ -86.4167° /452967 = | at h= 174 m - -~ SMTH-728-050

5;’ T -1 -1 T T "R T 1 - CFSR-728-05D
4 N
2]
0!
1
e e L - YT -
s T Ry —, f_;’.‘— e T

3_. o™ A_."."""‘:... g - ._..."' &__:_w ~an. 3 *‘
) el e ]
0' 1 1 | 1

1 1 l l |
11729 11130 1201 1202 12/03 12004 12/05 1208

0! L
127 1128

- 300 ' /5”'" : )
200 - m, L) : ‘h

# B .

L
]
[No Directiona |
O,rlo Directipnal Data | { : 1 :N

11727 11728 11/29 11/30 12101 1202 12003 1204 12105 1206

100~

30,
20+ o
| 'SJ” g nd‘ "\
10 g, ”“*':M/ \w:"' e "5\__-.'4

No 'J' Ving .sta Collected ] [ ‘
1127 11728 11729 11/30 12/01 1202 1203 1204 12!0‘5 12/08

300 - 4 ' ] ' i ' '*"Q,x\ ]

zoo;:’//" W i =T

1001 L.r ': fi__ g

0! | ! 1 i 3 Il lfm J

127 11728 11/29 11730 1201 1202 1203 1204 12/05 1206
Days In Dec 1590

Dec 1990 Storm




Model H__ [m]

Time Paired Comparisons NDBC 45007
Total Number of Time Paired Observations: 5767

— v -

STORMETI-1567.281: 206 COS

STCRNIIW. 1996278 5T C8S wow
STORM1IW-2001-283: 430 083 o *
STCRMAIN.J006.20): 51 095 M
STORMTAW. 1906308, 533 083 &
STORNISW-1505-261: 236 COS *
STORM1EW.J006. 366 638 085 = L M

STORNTIW- 1083008 412 O3
STORN1IW-2001-242: 550 ORS

+ NN-SMTH
= ORIG-CFSR

1 2 3 4 5 5 7

Time Paired Comparisons NDBC 45010
Total Number of Time Paired Observations: 2059

a5}

STORMOIW. 19595 282 647 0BS
B TOMMOSN- 1993263 131 GBS
STORMOGW 1995314 183 00S

STORMIOW 1595273 341 085

+
" [
B
= * . *
¢ Iil he
- i R imy
to” +, xlfer .
iR ’ *ox
+ L4 L b
4 :- i
" + x* " x_x
+ =
. |
*ix x
’I"' ‘0 i El
wiiph ' '.'
‘ siii: i
L fe 'l
=
.' . 7 B B AR AT
= + NNSMTH |
» | % ORIGCFSR|
T Y SHEE 15 2 25 35 4

Measured Mm° [m]

Model H__ [m]

Time Paired Comparisons NDBC 45002
Total Number of Time Paired Observations: 5682

B [ roRw WA oS 2
STORWIIN 7998244 682 OBS
STORWOAN-22)-262. 17 O0S
STORWMOOW 93k 211 138 ORS
STORMOSW. 195).298. 811 088
STORWITW - 5234-541 . 197 Q0% p LI
STORMOFA . £999.303 144 ORS ol x
Sh STORIRN. 79100 378 088 LI 1
STORMIOW- 2235278 278 005 - P
STORMIZW. 2001283 446 ORS " Y. n oA
STOMMLIW-2008-25). 450 OBS L x
STORMLAN-5234-305: 100 005 x k l.
STORMISN 7389291 384 ORS
STONMITIN-2008-304. 112 OBS . - B
4 STORMITW-431) 20 567 O0S ~ +
STORMIIW 2091248 638 088 3" *
s ¥
¢
s ’0
3 g .
; .+
-
+
2
‘ .
+ NN-SMTH
=  ORIG-CFSR
o s - -
0 1 2 3 4 5 ]
Measured Hm [m]
Time Paired Comparisons NDBC 45011
Total Number of Time Paired Observations: 461
4 2
STORMOIW. 147 263 308 0BS [
STOMMOGW- 1997313 152 OBS
3
3 l
5/ 3+ + {
+ .‘ : L
o
$ + e ¥
2 ot £ l
| -
- ‘ b SEPRL
* s e *x »
+ HEE Pux =
. *
St & = ' " 1
t 3 ‘ : |
* =
18 it K
1t ' *n 4 = |
+ =
Q;* ' l =
+ »
LY {
- - |
+ NNSMTH ||
51k * ORIGCFSR||
] L " ) . -] — . e |
a 05 1 15 2 25 3 35 a

Measured Hm [m]



Nearshore
Dynamics and Wave
Run-up Modeling
with CSHORE

|
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Run-up Validation Data Sets

Ahrens (1975, 1985) (ACES) (older monochromatic
data)

Mase (1989) (uniform plane impermeable slopes, small-
scale lab)

De Wall and Van der Meer (1992) (TAW)

Van Gent (1999a, 1999b) (4 model and prototype levee
experiments)

Stockdon et al. (2004) (9 beach experiments, all video
runup meas.)
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Van Gent Series A, B, C
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Beach Erosion Simulations

Holland, MI with 100 yr surge and 3 yr wave
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Water Level Statistics

*Points-over-threshold approach to selecting
storms, versus annual maximum series
«Adequacy of the storm record length
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Sturgeon Bay (61 yrs)
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Water Level (feet, IGLD-85)

Storm Sample Size

Challenge — Produce reliable statistics in the extreme tail
of distribution, throughout the lake system, with
minimum number of storms

Verification of Statistical Approach
» Full set vs. 100-storms Composite set — Water Level
» 100 storms minimum — will simulate 150

Lake Michigan — 9087023 Ludington, M| Lake Michigan — 9087023 Ludington, M|
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Water Leved (R, IGLD 1985)

Storm Sample Size

« Sample-Size Adequacy
» Sampling during High and Low lake water levels...

Lake Michigan (9087023 Ludington. M1) Monthly Data Lake Michigan (3087057 Milwaukee, WI) Monthly Data
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CSTORM-DB/VS

Web-Based Data Archive, Monitoring, and Mining
Tool for Coastal Storms

CSTORM

b B 0, Y0
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CSTORM-DB/VS

« Long-term archive/database
of measured and modeled o
coastal storm data it

« Easily accessible data;
search, browse, visualize,
process, analyze for FIRM
preparation

» Contextual data products
and tools that support
decision making

» Risk management,
assessment,
communication

» Project design and
evaluation

» Emergency

management, operations l
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CSTORM-DB/VS

&  cstormvs B
. /“\\ i Web App with ;
USACE KML and (‘” K \ Google Earth —
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External KML and
Data Servers

CSTORM Data
Processing and Visualization
System

Desktop PC
Personal Google Earth App
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Station Information

€& CSTORM - Windows Internet Explorer
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Contour Plots
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CSTORM-VS

Filter Opticas
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Data for Lake Michigan

For 12 day storm with peak WSE at day 9
» ADCIRC time series at ~600 points at 15 minutes

 WSE, water velocity, pressure, wind velocity, ice
percentage

» ADCIRC Field files at 30 minutes

 WSE, water velocity, pressure, wind velocity, ice
percentage

» WAM at similar number of points
« Bulk parameters, 2D spectra
» STWAVE - same wave output
Ice fields, wind fields, grids, bathymetry, Input files, metadata

Historical measurements from water level, meteorological, wave
gages

Processed results such as lake level, statistics, etc I
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CSTORM

Filter Options

Questions?
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