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MSU is an affirmative-
action, equal-opportunity
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programs and materials are
open to all without regard
to race, color, national a0 i
origin, sex, gender, gender
identity, religion, age,
height, weight, disability,
political beliefs, sexual
orientation, marital status,
family status or veteran
status.

Agriculture (USDA) civil rights regulations and policies, this

institution is prohibited from discriminating on the basis of race,
color, national origin, sex, age, disabilty, and reprisal or retaliation
for prior civil rights activity. (Not all prohibited bases apply to all
programs.)

I n accordance with Federal law and U.S. Department of

Program information may be made available in languages other
than English. Persons with disabilities who require alternative
means of communication for program information (e.g., Braille,
large print, audiotape, and American Sign Language) should
contact the responsible State or local Agency that administers
the program or USDA's TARGET Center at (202) 720-2600 (voice
and TTY) or contact USDA through the Federal Retay Service at
(800) 877-8339.

To file a program discrimination complaint, a complainant should
complete a Form AD 3027, USDA Program Discrimination
Complaint Form, which can be obtained online, from any USDA
office, by calling (866) 632-9992, or by writing a letter addressed
to USDA. The letter must contain the complainant's name
address, telephone number, and a written description of the
alleged discriminatory action in sufficient detall to inform the
Assistant Secretary for Civil Rights (ASCR) about the nature and
date of an alleged civil rights violation. The completed AD-3027
form or letter must be submitted to USDA by:
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U.S. Department of Agriculture

Office of the Assistant Secretary for Civil Rights

1400 Independence Avenue, SW

Washington, D.C. 20250-9410; or

fax:

(833) 256-1665 or (202) 690-7442;

email:

program.intake@usda.gov.

This institution is an equal opportunity provider.
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onforme a la ley federal y las polticas y ragulaciones de

derechos civiles del Departamento de Agricultura da los

Estados Unidos (USDA), esta institucion tiene prohibida
discriminar por motivos de raza, color, origen nacional, sexo, edad
discapacidad, venganza o represalia por actividades realizadas en el
pasado relacionadas con los derechos civiles (no todos los principios
da prohibicién aplican a todos los programas)

La informacién del programa puede estar disponible en otros idiomas
ademés del inglés. Las personas con discapacidades que requieran
medios de ra obtener

s0bre @l programa (por ejemplo, Braile, letra agrandada, grabacion

de audio y lenguaje de sefias americanc) deben comunicarse con

la agencia estatal o local responsable que administra el programa

o con ol TARGET Center del USDA al (202) 720-2600 (voz y TTY) o
comunicarse con el USDA a través del Servicio Federal de Transmision
ds Informacién al (800) 877-8339.

Para presentar una queja por discriminacion en el programa, el
reciamante debe completar un formulario AD 3027, Formulario de queja
por discriminacion del programa del USDA, que ¢ puede obtener

en linea, en cualquier oficina del USDA, llamando al (866) 632-0992.

© escribiendo una carta dirigida al USDA. La carta debe contenar e
nombre, Ia direccion y el nimero de teléfono del reclamante, y una
dascripeidn escrita ds la supuesta accién discriminatoria con suficients
detalle para informar al Subsecretario de Derechos Ciles (ASCR

por sus siglas en inglés) sobre la naturaleza y la fecha de la presunta
violacién de los derechos civiles. La carta o el formulario AD-3027
completado debe enviarse al USDA por medio de

correo postal:

U.S. Department of Agriculture

Offica of the Assistant Secretary for Civil Rights

1400 Independence Avenue, SW

Washington, D.C. 20250-9410; 0

(833) 256-1665 o (202) 690-744:
correo alectrénico:
program.intake®usda.gov.

Esta institucion ofrece igualdad de oportunidades.
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Great Lakes Water Levels:
A Wild Ride in 20207 Yes..

Mark Breederland —— == : ' Michigan Waterways Commission
Michigan Sea Grant Extension  ° February 7,2020



% Michigan State University Extension | National Oceanic and Atmospheric Administration | University of Michigan

Michigan

Michigan Sea Grant
College Program

MISSION: Michigan Sea Grant supports research,
outreach, and education to enhance sustainable
use of Great Lakes resources, benefiting the
environment, the quality of life, and the Michigan,
Great Lakes, and national economy.

Michigan Sea Grant is a cooperative program of the
University of Michigan, Michigan State University,
and the National Oceanic and Atmospheric
Administration
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176.0 —

=
~
o
(84}

175.0

174.5

174.0

Lake St. Clair

— Mean long-term water level (1918-2017)

—— Mean annual water level

http://www.glerl.noaa.gov/data/wlevels/
updated: Wed Feb 5 14:30:12 2020

T' T LLEET [ LELELETITAIT T LETL T [TJT LT T ada ] kT T o
| I I I I I I I

|IIII|IIIIIIIII|IIII|IIIIIIIIIlIIII|II|I|IIIIIIIII|IIII|IIIIIIIIIIIIIIlIIIIIIIII

1860

1880

1900

1920

1940

1960

1980

2000

578

577

576

575

574

Water level (feet, IGLD85)

(6,1
~
w

572

571



= . — 575
Yearly Avg |1 Lake Erie V\éLER T~ r
175.0 g
@ ] 573 _
E LN
(@) - [00]
174.5 [
@ J ~ 578 @
% 7 'l ﬂ hhv[] ‘\JAA : ﬁ
= _ V L
5174.0 E g
- ]
> - s
o - -
. ] - 0
g | — 570 *;a
2 B
= 1 -
173.5 [
_ - 569
| . long- level (1918-2017) B
I it st U
173.0 -

|IIllllllllllllllllllllIlllllllllllllllI|IIII|II|I|IIII|IIII]IIIIIIIIIIIIIIIIIII

1860 1880 1900 1920 1940 1960 1980 2000



December 2013

Courtesy of
R.J. Kane




E=5E

2 E




e Ny A NSNS
I'E‘I:" A - C\

1 TNV 'IVII_\J‘

S MHE




Sea DR

Michigan

Michigan State University Extension | National Oceanic and Atmospheric Administration | University of Michigan

@ DULUTH

Lake

: : Niagara
St. Marys skislar" St. Clair River GREAT LAKES
River Detroi .
S00 LOCKS etroit
(oM gtk  Hir Nogara e OYSTEM PROFILE
"E 5 g lﬁﬂﬂ‘l/]zl; POWER DAM
Sk Sl LS 577t (Mm) =311 & /56 (13 m) 2 / S Gulf of Atlantic
1 2 3 '\ 23 ft 2 . éf St. Lawrence Ocean
RS \ndeng | ]
m 3 z
LAKE 4 o NiEm & 0ft@m)
HURON LAKE
750 t (229 m MICHIGAN ST. LAWRENCE RIVER
923 ft (281 m) LAKE
LAKE ONTARIO
SUPERIOR S 2
Depth: 1,333 ft (406 m)
Distance Along Flow Path Total Distance:
319 60 223 89 236 35 150 |71 | M3 350 500 2,212 Miles
610 97 359 143 380 56| 242 |124| 182 563 805 3560 Kilometres

NOT TO SCALE




Michigan State University Extension | National Oceanic and Atmospheric Administration | University of Michigan

S%Mnt .

Michigan

300 Kilometers

|
300 Miles

i
,»/i Sowurces: Esri, USGS, NOAA



-

Ly

T ——
MACKINAW CITY, TYPIC ATER, METEOROLOGICAL & GPS
SENSOR CONFIGURATION



—




Budgets Within Lakes

The map below shows contributions of runoff, precipitation, and evaporation to the water budgets of each of the Great
Lakes - these are their intemal budgets.

RUNOFF RAIN EVAPORATION

7 Runoff (deposit) is alb of the water that runs off of 1 Overlake Precipitation Overlake Evaporation
land in a kake's watershoed, making #ts way into rivers, (deposit) is precipitation (withdrawal) is evaporation
which eventually empty into the lakas. It is impacted that falls on the lake that occurs from the lake
by precipitation over land, evaporation over land, and surface. surface.

transpiration (the water sucked up by plants).

Lake Superior

20

Lake
Michigan-Huron

a
27

® 0\ Lake Ontario

\
\ 11

\ I os
.

: 0.4
\ Lake Erie
\
Y\ 07 07

i\ 1
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Flow Between Lakes and Diversions

The Great Lakes are a systermn where water flows from a beginning (Lake Superior) to an end (the St. Lawrence River and eventually
the ocean). Excesses from a lake's internal budget flow to the next lake. As you move downstream, the amount of water flowing
through the various connecting channels increases, as excess water Is collected in each lake,

I Flow Between Lakes can be a deposit or withdrawal. For 1 Diversions can be deposits or withdrawals, and are
oexample, the St, Marys River fiows between Lake Suparior and Lake negligible relative to the internal water budget of the Great
Huron. tts flow is an adaition to the budgst of Lake Michigan-Huron, Lakas.
but a subtraction from the budget of Lake Supesior. 70

63

84 55

Ist.
 Lawrence
River
./‘
/ Niagara River
St. Clair River & Walland Ganal
Detroit River 1000s of
Cubic Meters/Second
Averaged 1950-2010
Bl Tt ol B Hunter et al JGLR 2015
Michigan into tha Erie Canal from Lake

Missis=ippi River Basin. Ene to the Hudson River,



FACTORS IMPACTING WATER LEVELS

Net Total Supply

Inflow from
Upstream

Lake i

Evaporation

-

Precipitation
:
u 9]
=

=1

uUS Army Corps
of Englneers.
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ANNUAL WATER LEVELS AND THE HYDROLOGIC CYCLE

WINTER SPRING SUMMER FALL
* N a
* 7 a a
*x K / VO st 1|
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>l Il N7 /
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Jan Feb Nov Dec
= \Water Level

=1

uUS Army Corps
of Englneers.
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Great Lakes Drainage Basins

Black line=cut off for what affects
Lakes Michigan/Huron

Trois Riviéres ®

Mon 7)
won

i
Massena

7

Legend Milwaukea®

Lake Superior Drainage Basin
Lake Huron Drainage Basin
Lake Michigan Drainage Basin
Lake Ontario Drainage Basin Chicagoe'
Lake Erie Drainage Basin y
U.S.A/Canada Border

* Cities/Towns
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The Great Lakes Dashboard (B)

10/23/2019, 9:50:20 AM
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Great Flood of 1986
1986flood.com

The Great Flood of 1986 in Michigan was one of the worst
extreme weather events in the state’s history.

The deadly storm system covered an area 180 miles east to west and 60 miles north to south
dumping torrential amounts of rain over the course of three days.

The storm hit hardest in the Saginaw Bay and Thumb regions where 22 counties were declared
federal disaster areas impacting more than 1.8 million residents.

The rain began late Tuesday evening on Sept. 9, 1986, in west central lower Michigan and

gradually moved east into the Thumb region. Erom September 10 -12, 1986 rainfall over central

lower Michigan averaged between 8 inches and 14 inches.
Eleven dams failed including the Hart Dam in Oceana County, which emptied out Hart Lake

destroying the southbound portion of the U.S. 31 Bridge and forcing 300 people to evacuate
their homes. Across the state, more than 3,600 miles of road and 30,000 homes were flooded.


http://www.1986flood.com/

New State Record 24 hour Ramfall
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Statewide Precipitation Ranks

January-December 2019
Period: 1895-2019

Michigan
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Lake Michigan-Huron Variation

October, 1986: 582.35 monthly avg.
October, 2019: 581.65* monthly avg

6 Feet 4 inches!

January, 2013: 576.02 monthly avg.




NOTES ABOUT WATER LEVELS

Not a depth, but an elevation above sea level

International Great Lakes Datum of 1985

Michigan and Huron = One lake

Lake-wide daily means —> Lake-wide monthly means

Based on still water, not influenced by meteorological forcing
Based on a network of water level gauges

Detroit District Corps of Engineers = keeper of official monthly water level
statistics from 1918-2018

Coordination occurs with Environment and Climate Change Canada

=1

uUS Army Corps
of Englneers.

(v.5.anv))



HIGH WATER LEVEL IMPACTS

Shoreline erosion
* Less beach

Property damage

Greater impact from seiche
(wind) events

Ice jams produce greater
chance for flooding

Seiche

Lake profile showing wind set-up

27
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Michigan
2017 2018 2019 2020
Ft. |OCT [NOV |DEC | JAN |FEB |MAR | APR [ MAY | JUN [ JUL [ AUG | SEP | OCT |NOV |DEC| JAN | FEB | MAR [ APR [MAY | JUN | JUL | AUC | SEF | OCT |NOV |DEC [ JAN [FEB | MAR | M.
—
15 9 THE Tih 1.5
1986 — T9RE | T90E [ 1aae 195E o 1986 196 | 1aze 105
Bl T W 586 T e S 1)
" _ ki [T i 11 |!|l HI N T___LL_LL 0 $1.0
IR i i T
S - ]
+3 Jan. 2021 +0.9
t2 P N1 p— J Lm0 l{ J.Lfﬂ — 0.6
dr. ZU1o
=
+1 — — — 0.3
C e oT T CA7 C IrerTl a7 [ - T C
T T T T ST P | gy | TTHs O pCTCOpT T
snre | 1064 | 1900 [TIRA | 1az8
N M | nN o = ] 10¢
_ Y1)} N=Tong KAl TT i IELAE WY 1.3
IELAR T oy TN EAA TV
JOE e I N AN WL
LEGEND o o
LAKE LEVELS AVERAGE ** - T -
R 1385 h
RECORDED W MAXIMUM ** ees % 1973
T . ” 1334 —
PROJECTED =T Jlll[l‘ H I ‘ L‘ 1 ‘_| ‘_| MINMUM * 9 e 1934

% Average, Maximum end Minimum for period 1918-2018



\\\\\\\

Simple Math on Levels

1/15/2019 580.08 verified Monthly Avg.
| akes 1/15/2020 581.56 Avg. 1/1 to 1/31/20
Michigan-Huron feet 1.48 17.76”

Oct. 1986 582.35 “Record” High
9.48 in. higher
than today




LAKES MICHIGAN-HURON WATER LEVELS - FEBRUARY 2020
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Rainfall Statistics Si September 1
ainfall Statistics Since September “

% of Normal

Total Rainfall -

.
- - -

Accumulated Precipitation (in) Accumulated Precipitation: Percent of Mean

September 1, 2019 to October 3, 2019 >MOSt of WESt and September 1, 2019 to October 3, 2019
™ . "

i Central Lower Michigan
= has received 7.5”-10" of

i

= rain since September 1

¥ >This equates to 200-
' 300% of normal!

>Rivers are running well
above normal, with some
in flood stage

. y

Weather.gov/G "dRapiﬂ‘f :

National Weather Service
Grand Rapids, Michigan
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It’s Been A Wet OCTOREIFSOMaL...

Percent of Normal Precipitation (%) : g “  Observed Rainfall October 26-27,2019
9/27/2019-10/26/2019 e . |

October Statistics:

Climate Normal Period: 1981 - 2010

October N belr
Rainfall So s

; Monthly ‘
i Rainfall i
4 ,, 4 Cadillac
GR . . ? ) Y '
Lansing ; .
| . | \ 2 Saginaw,
Muskegon \ . ™ '

7 Flint
Kalamazoo ; : {& ¢

‘Coldwater—

prSouth:Bend & 05)5
X




* As a whole, the entire state of Michigan is in the middle of the
wettest 1 year period, 3 year period and 5 year period since records
began over 120 years ago.



581.65

Michigan-Huron Lake Level Height

582.35
581.99
581.99
581.96
581.96
581.92
581.79
581.77
581.76
581.61

1986

First Place
Tied - 2nd Place
Tied - 2nd Place
Tied - 3rd Place
Tied - 3rd Place

Fourth Place
Fifth Place
Sixth Place

Seventh Place
10th? Place

“1200 Months of Record”

10/15/1986
7/15/1986
8/15/1986
9/15/1986

11/15/1986
7/15/2019
6/15/1986
8/15/2019
7/15/1974
9/15/2019

2019

10/15/2019



SNOW WATER
EQUIVALENT

Mar 8, 2017 to Mar 18, 2017

Analysis Limits

Inches
of SWE

=12.0
100t012.0
8.0to 10.0
6.0to 8.0
4.0to 6.0
20to 4.0
0.0to 2.0
No Snow

] Not Estimated

HRSC
| -

Natianal Weather Service, NGAA
zzt17075
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GHEAT LAKES SURFACE ENVIRONMENTAL ANALYSIS (GLSEA)

Ice cover
1/15/2019
93% Duluth

Water Temperature
Ice cover T
1/15/2018 "
32.1% 25

Green Elioy

70
24

GL Ice records
To 1972; some
GT Bay info to
Late 1800s..

15

40

Marquetted

Milwaukee

Analysis Date: JD 015 01/15/2020
Percent Pixels with Data within +/-10 Days: 96.4%

Date of last ice analysis: 1/15/2020
NOAA CoastWatch

Great Lakes Total Ice Cover: 5.2%

Median lce Concentration
<10%

T0—-39%
40—B97
FO—897
90—-997%
100%

Sault Ste. Marie

Toronto.

Muskegon
Buffalo

Detroit.,‘

Chicago
Toledo,
Cleveland

Great Lakes Environmental Research Laboratory
National Ice Center
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Some Impacts from High Water Levels

« Shoreline Erosion

 Increased sediment transport in the nearshore zone

 Alterations to stream and river mouths

« Damage to Roads & Coastal Infrastructure

* Flooded marinas, docks, boat launches

« Hazards to Navigation

* Increase in some coastal wetlands habitat

« Shrinking beaches / loss of beach sand

* Increased impacts when storms move through — water levels
are the enabler of wave energy hitting high on the bluff



Matt Gillen
National Weather Service — Gaylord, Ml

www.weather.gov/gaylord
@NWSGaylord NWSGaylord

Bob Dukesherer
Senior Forecaster — Marine Program Manager
NWS Grand Rapids Michigan




Seiches

* Typically caused when sustained strong winds and/or rapid
changes in atmospheric pressure push water from one end of a
body of water to the other. Think Gales of November.

* When the wind stops, the water rebounds to the other side
* Water can oscillate back and forth for hours or even days

 Similar to water sloshing back and forth in a bathtub

e Often difficult to tell the difference from a true seiche event &
wave action, especially with high water levels
* Damage can occur with either one




Meteotsunamis vs. Seiches Recap

Meteotsunami Seiche

* Think severe thunderstorms * Think Gales of November

* Short duration

» Often more damaging/chaotic
than a seiche

* Water pushed to one side of
lake, typically from a prolonged
periods of winds

* Water oscillates back & forth

* Can last several hours/days




Meteotsunami vs Seiche

Meteotsunami

Definition

A rapid change in water level
(similar to a seismic tsunami)
in response to a
meteorological event.

Typically caused by the wind
and atmospheric pressure
changes associated with fast
moving convective storms.

Meteotsunami

Storm Surge

A standing wave oscillation A temporary rise in water
(i.e. a back-and-forth
sloshing) of water levels in along a downwind coast.

levels lasting hours to days

a lake.

Caused by a wind shift or  Caused by a combination

rapid atmospheric pressure of the drag of storm winds

change. on the surface of a lake
and atmospheric pressure
variations.




November is the windiest month on average

st FALL STORM SYSTEMS
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LAKE LEVEL VIEWER
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