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= Data/slides generously borrowed from D. Schwab, D.
Beletsky, T. Croley, C. He, G. Lang, S. Joseph, R. Dregon State
Sturtevant, J. Dyble, J. Wiens and others!
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Science-informed
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SYStemplEerecasting

\J A -

@J@ouo,.J, gg}mﬁ:l‘ physical and

mmam-m@ ChNanges on ecosystems
LhieiRcomponents

‘> Wha will | en In'the future?
» When willfit"happen?

» At what spatial scales?



01 il‘ 1yone would want a
th.elr home”

splendid &nployment year”
J.S. Dfe artment of Labor, 1929

“640K [ofmemory]| ought to be enough
for anybody”

Bill Gates, Co-founder, Microsoft



[ECOSystem
[Ferecasting

“PATESHN . il

M pPrEVEJRUECISION Making

~ REQUCHIONSHNTISKS

~ Focusingiresearch on fundamental driving

- forces andiscience at disciplinary interfaces

- Mitigation of natural events and human
activities — Adaptive management



" Human
Health

Physical —
Hazards b Invasives

Fisheries

Quantity

Times scales of a few hours for safety issues to 20 — 50
year planning horizons for coastal constructions



0recasts

hore Wave Heights
.;stvaﬂ Fosion

2410 Currents

‘ ess and Extent

« sarch and Rescue
« Storm Surge
Offshore Currents
| Temperature
- Water Quantity -« Levels
e __ Tributary Flows (floods)

Water Quality

Turbidity / Clarity
Anoxia

Taste and Odor

Near Shore Vegetation
Bacteria Concentrations
Chemical Concentrations



HUumansseaitn » Beach Closings

sh Contaminants
Harmful Algal Blooms
(toxin concentrations)

Fish Recruitmentiand | umbers of Fish

Productivity (by species) Size and growth of Fish
' » Fish Distribution

. e New Non-Native Species

Invasive Species Introductions

| o Spread of Introduced

Species
e Impact on Ecosystem






NN oS

‘-l .

- B | Invasive
B § Species

Ecosystem ,,\
Response iy

Habltat
Change




e and Space scales.
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Climate Change
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Local Regional Global

Geographic Scale of Ecosystem Stress



Ecosystem Forecasting

Needs Assessment

Improve Model Scientific
Accuracy and development of
Time/Space Scales forecast

Access Accuracy of Monitoring/Tracking
Forecast conditions




Needs Assessment:

)

usq.s?

WIHatuse would be made of the forecasts?

What'[evel of accuracy is required?

atarethe required time and space
scales?

> Any suggestions about how one might
approach this goal?
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Strategic Matrix

= : —
Forecast Identify ldentify Identify First level Refine Quasi- Transition
Target Time and Key Predictions | Methods level to
Parameters Space Processe & Data & Operation | Operation
& Users Scales S Comparison | Further &
Study Testing
Wave
Forecasts X X X X X X
Beach
Closing X X
Water
Quality X X
Microcystin
Levels X X X X

Fish
Production




Ecosystem
Forecasting

Ecosystem
Understanding

Observations




Bal/esian

HIOUaostic
Ecologicai Models —

Nletworks

Forecast ACCUNaCy mmmp



Forecasts

>~ Spatial-temporal

values of
/ ecosystems
esources

Existing forecasts



SCOSYStem Forecasting
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DrRnkang\AEERToRZ0 Million RPeople
$4 Blii!w’[ rsiEIsheny
/S oiU'S. registere

CommerciallSmpping=—200"Million Tons—1270 Mile Transportation Route

alers.

[_argest surfacefresnwater supply in the world (90% of surface U.S. supply)
56 Billion Gallons per day for Municipal, r

Agricultural, Industrial
1,000 mile international border

Over 500 Recreational beaches
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¢ Columbus Dispatc

Ohios Greatest Online Newspaper

. » toledoblade.com ... o
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Bad Water Might Be Source of Qutbreak

; esting of samples could help identify problem on South Bass Island
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LieldiiuiAlgali Blooms
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leorri=forenine) e)<ie

GO ECLEN O CCU W oridwide
NUIENIEENHChed S reshwater
Syciphacternalcontaminate
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LeXINS |

- Concentrations of

microcystin (the dominant

form of cyanobacteria) has

exceeded World Health

. 2 Organization in some Great
Ao WNE TS Lakes



Harmful Algal
Blooms

Change in Land-use

Circulation, Transport
and Fate




Harmful Algal
Blooms

Meteorology

ydrology/Water Flo
Nutrient Loadings
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Circulation, Transport

and Fate
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Harmful Algal Bloom
Growth and Toxin Production
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y I MICROCYSTIN
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An operational HAB
bulletin has been
developed to provide bi-
weekly forecasts for
Microcystis blooms in
western Lake Erie. The
bulletin depicts the
HABS' current location
and forecasted movement
of bloom 3 days later, as
well as graphs the winds
and currents.

». Experimental Lake Erie Harmful Algal Bloom Bulletin
“ 1 November, 2016, Bulletin 20

l"‘\».-,-'.

2015 Bloom Anansis. The Microcystis cyanobacteria Dioom in 2016 was mild compared to the last flew years, with & severity index of 3.2,
much lower than the 105 record odserved in 2013, inthe west=m Lake Erie Dasin, TieDioom Diomass was mo®™ Pxic than in 2013, but less
han hat the toxicity of 2014. In contrast, Decause of the relstively miid Dioom, a=as of scum were fawer, less dense, and less toxic in 2016
thanin either 2014 or 2013,

This bioom had 2 ‘coudle peak’, one in August, followed Dy & decresse in Diomass, then & Dref resppearance in iste September. This differs
from the typical year in which the Dicom grows through August t0 & peak in early Sepember and then gradually decreases though
September. isolated pocie s of Microcystis aiso persisied into October.

The Dloom was milder than the forecast severity of 3.3, but within the range of uncertainty of all the mocels (3-7). The models primarity use
te phosphorus Joad from the Maumee Rner Howewer the models 2iso inchuded residual intemnal load of phosphorus in the lske,
particularly s residusi from the Maumee Rivers record spring phosphorus load in 2013, This additional phosphorus used in the models was
gmaerfian the apparentresiosal internal load, leading to mocel forecasts of greater Dioom severity than were observed.
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Fgum 1. Sbom severity index for 2002-2015, and the forecast for
2015. 2011is 10, 2013 is 10.5. The index isbasad on the amount of
Diomass over the peak 30-cays. The 2015 dioom had a severity of 3.2,
Detween 20032 and 2004

Fzum 2. Wtal Dicawailadie phosphoris from the Maumes Riverfor
2015 compared to some other yeas. Data collected by Hedeberz
University

e .
Fzum 2. The Microc)stis cyanodacteria Dicom in wesiem Lake Erie on 20 September 2015 taken Dy the MO DIS sensor on NASA'S Term sateliite.
Sum areas wem found mostly in Tie green colored water Tirouzh the center of the westem Dasn and around Pejee Point. Pathes of scum
we® also present within the greenzh white ares cioser to Ohio. Sediment (gray blue] from Lake St Cisir is seen entering the lake from the
Detmit River. Sancusiy Say is green with predominately Plontothrix Cyanobacteris. Resuspended sediment & Dright white on the Ontario
coastnesrLong Poimt
Ror moreinfrmaton o

Stn, SO o Mp/ K 00S0IsCience.n000.00//research /Robs [ reca stng




Maumee & Western Basin
ugust 31 Resource Sheds

3 weeks

0 0.5e-5 4 weeks



Harmful Algal
Blooms

Circulation, Transport
and Fate
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Figure 3. Cook County Lake
Michigan Beach Closings.
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or health risk of

microbial contamination

by

pacteria, viruses and

protozoa in recreational
waters

E.Coli requires a 24 hour
Incubation period

People may unintentionally
Swim in contaminated
water
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ongAiermrecord of Milwaukee River
discharges (1974-2005)
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Over 4 billion gallons of sewer overflow released
between May 10-24




|Inl chicagoist

r
JUNE 15, 2004

Chicago's Beaches Closed

‘ii As a result of Milwaukee's dumping of
raw sewage into Lake Michigan, more
than half of the Chicago's beaches have
been temporarily closed due to high
bacteria levels. The beaches remain
open for sunbathers and volleyball
players, but lifequards are told to keep
§ swimmers out of the water. The Chicago
Park District closed 16 of the 31 beaches
to swimmers after tests of water
samples showed high counts of E. coli
bacteria. Officials blame the
Cheeseheads.

Before heading to your favorite Chicago beach andWsking catching a nasty
infection, you should check out the Swim Report on Chicago Park
District's site.

Posted by Rachelle Bowden In News: Chicago




The lake
Lake Michigan circulation
MMSD case model was used
to simulate the
dispersion of a
Relative passive tracer
Concentration released
continuously
from the
Milwaukee
harbor area
-0 from 10 May —
20 June, 2004.

5/10/2004 37

1Q0
Kenosha

Waukegan

Chicago




Lake Michigan
MMSD case

——

5/20/2004 182

Relative
Concentration

100
2004 COllld Il Ot Waitigeiejzir)
have reached
Chicago area
&

beaches by 20 CHICEGD
June 2004.
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M LLake Physics and Fish
4' Recruitment

Overall goal Is to quantify
the relative effects of lake
physics (meso-scale
circulation features, small
scale turbulence,
turbidity, water

tem

Derature) on

distribution, survival,
feeding, growth, and
potential recruitment of
alewife and yellow perch
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Sea Nettle Nowcasts

Developed by NESDIS, NOS, UMd, and VIMS

Likelihood of Sea Nettles in Chesapeake Bay on Jul 12, 2002
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Anchovy growth rate potential is correlated with abundance

Standard Score

3
—e— Anchow GRP: Mean June -Sept
—e— Anchow Abundance: MDDNR Seine
2 - —e— Anchow Abundance: VIMS Random Trawl
MDDNR R =0.78
VIMS R =0.82
1 -
O V | V | |
1985 1990 199 2000 2005
-1
-2

From Zhang et al. 2007 Year



™ Menhaden Growth Rate Potential predicted from
| 3-D Water Quality Model of Chesapeake Bay
July 1

(A) Temperature (° C) (B) Dissolved oxygen (mg I ) (C) Chlorophyll a (mg m*)

from Luo et al. 2001



Atlantic Menhaden

LR
—

(A) Growth rate potential (g g'd")  (B) Carrying capacity (# fish m”)

0 1.65
[

from Luo et al. 2001



— Drainage Area 60% of U.S. Surface Area

Upper Mississippi
River Basin

Missourl
River Basin

Arkansas - White
River Basin
Ohlo
River Basin

Hypoxia



USER-DRIVEN TOOLS TO PREDICT AND ASSESS EFFECTS OF
REDUCED NUTRIENTS AND HYPOXIA ON LIVING RESOURCES
IN THE GULF OF MEXICO

NOAA - 2016 - 2020

Drivers Models

GRP Models

Products
/Temporal Scale

e, b b

Essential
fish habitat,
production




92

- Longitude (°W)

Latitude (°N)

Dissolved O, (mg L



10+

Depth (m)

[
[=]
T

25+

30+

Depth (m)

[
[=]
T

N
<
T

30+

—
(4]
T

Oxygen {(mg/fl)

5

10

291

29
Latitude

289

—
(4]
T

Relative Fish Density (Sv)

80

60

-40

292

291

29
Latitude

289

288

10+

Depth (m)

[
[=]
T

N
<
T

Depth (m)

[
[=]
T

N
<
T

30+

—
(4]
T

—
(4]
T

Temperature (C)
30

291 29 289 288
Latitude

W
! &uﬁx.i W fL ,

o |

GRP (gigid)
0 002 004

292 29.1 29 289 288
Latitude



-
o

Depth (m)
o

[
[=]

25

30

Depth (m)
o

[
[=]

N
<

30

Oxygen {mg/l)
0 5 10

292 291 29
Latitude

-
o

-
(4]

Depth (m)

[
[=]

Temperature {C)

. 20 25

30

Relative Fish Density (Sv)
80 60 40

292 291 29
Latitude

15

Depth {(m)

20

25

30

291 29 289 288
Latitude

5

1 1

1

292 291 29

1 L ] ¢
289 288 29.2 291 29 289 288
Latitude



oy
L "M,w
V Wil a“‘ |‘ *‘| Jh’

“wl

I ¥
BTN
| I

Tl L | [ |
Ll 1 \_ il 1] .
Ll AL,

River transport (x10% m? s°%)
M
3

[
o

AT

f

0 1 1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

2016

River nutrients,

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

30-5 1 1 1 1 1 1 I\
& %, -~ Location: Northern GoM shelf
30+ Atchatalaya : B
J} an o Resolution: 3-5 km in horizontal
29.5 L 20 vertical layers
= .
g 29 - L Forcing: 3-h_our|y Wil_ﬂds (spatially-resolved);
2 climatological surface heat and
% oon- i freshwater fluxes
- | River inputs: daily freshwater input (U.S. Army
‘ Corps of Engineers);
monthly nutrient and particulate
27.5 LT i matter loads (USGS)
94 93 92 91 90 89 88 N _
20 —— Lo . . — o Boundary conditions: climatology
» wind speed
ﬂ::— Simulation period: 2000 - 2016
Exaf i
§lu | ‘
e " | | | | | Output: Daily 3D field of state variables
e ] ﬂ\ | ﬂ u w (T, S, currents + biological variables)
\ ' '
2 |
DALHOUSIE Hypoxia effects on fish and fisheries
UNIVERSITY

kick-off meeting of decision support tool development
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NIy Or: 1) v‘Ecosystem

linary approaches and
C s:wJJ 2100) atlm

This fr am-rk can help focus research to
aid management and decision-making.

Communicating the Value of Science



Adaptive Managemen

Define/
redefine the
problem

Establish goals
and objectives

. Model linkages
Communicate between

current objectives and
understanding proposed action(s)

Analyze, Select action(s):
synthesize and (research, pilot, or
evaluate full-scale) anddev =
performance
measures

Design and Design and
implement implement
monitoring plan action(s)

Do

oP

From Wiens et al. In Press



‘ch that Is focused on
on rather than explanation

| nroughs in our

‘erstandlng at the boundaries

2tween disciplines (including

yhysical-chemical-biological-
societal interfaces),

» Improved technologies to expand
the time, space and parameter
scales that we observe the
ecosystem

» Changes in training the next
generation of scientists
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MBARI MUSE

Montercy Bay Aquarium Research Institute, MOOS Upper-water-column Science Experiment
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