for irrigation and drainage management at the catchment scale

Gregory Kiker, Associate Professor
Dept of Agricultural & Biological Engineering, University of Florida
Honorary Associate Professor, University of KwaZulu-Natal
Fulbright Host: University of KwaZulu-Natal /SANParks
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1. Motivation: decisions and uncertain information

2. Water resources in the southern USA: O way

down south in Dixie ... there’s a water war ...

3. Sea Level Rise: because nothing focuses a
person’s attention like the ocean moving toward

their house...

4. Summing Up
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The Challenge:
To integrate many types of information to help inform decisions

Monitoring interval

1@l Monitoring
. i |
Indicator | 4\ ! : :8
. ! ! (e
value 3 : : ©
- . : S
. | lD
: (@]
Agreed safety margin T |
based on uncertainty : | Required agtion
and risk aversion : | trigger
\ R Model-based
4 A ?\\~\~\m jeCtion
i Lower confidence
interval
Best technical estimate Now Mgmt Ecosystem
of the level of indicator reaction Inertia
where irreversible change time
occurs

Time [Source: Scholes & Botha,2011]



An Additional Challenge:
What are the assumptions embedded in this figure?

 We agree on the model and its

—

/
based on uncertainty Required a}ttion

Agreed safety margin \«‘\
* We agree abOUt What needs to be and risk aversion \ o—ﬂﬂwh
Td el-base:

prediCthnS... yy— Monitoring interval
. . Indicator 2
 We agree about the metrics and their value s
levels... b &

done... \ ;H T /vbjection
Lower confidence
* Management and ecosystem reaction 14 — By
. est technical estimate Now Mgm.t Ecos.ystem
times are known...(and they are ahere movesil change frogion nete
occurs Time

[Source: Scholes & Botha,2011]

relatively short)
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Indicator value

|
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The Reality? Multiple models showing uncertain futures with
significant disagreement on metrics and institutional reaction

Monitoring

Mg ow Ecosystem TI me

reaction Inertia
time

™



Decision making in complex, coupled human-
natural systems...

We (USA) are not much of an example...

; : \T'S SETTLED...
* People don’t believe models (or information) | Y i _ WE. AGREE TO SIGN

that clash with their worldview...
— “Do you believe in Climate Change?”
— |IABDFI-"if it ain’t broke, don’t fix it...”
—  “Cherry picking: good for pies, bad for

analysis” (M Shepherd FSU Prof /AMS
President)

— Obama reelection —one side “...operating at a
self-imposed information disadvantage”. (Nov
7, 2012) Conor Friedersdorf The Atlantic

TR

- 3_'&'!'5':.'.! ] LE AD 4

*  Human challenges

— We tend to underestimate probabilities and
consequences of “left-tailed events.”

— Heuristics and biases (12+)
— Crisis-driven

d
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A MODELING “TRILEMMA”: UNCERTAINTY, COMPLEXITY
AND RELEVANCE

 Models are built in the presence of uncertainty

— Input factors (parameters, initial and boundary conditions)
— calibration data (error, scale, etc.)

— equations/model structure...

* This is a source of growing anxiety among developers
and users of dynamic, complex simulation models

* In particular, there is anxiety about the effects of
various sources of uncertainty on model output
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“The danger in creating fully detailed
models of complex systems is ending up
with two things you don’t understand —
the system you started with and your

model of it.”

P. England, as ref. by Paola, C. Nature 469, p38. 2011
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Model Complexity vs. Uncertainty: A Tug of War?

A 4
L \\-\&] Mode! Uncertainty
z | ——— '// .
- - &
s &
k Mode, P, .7
_____ VSioe .
s e, P F{""?'or e R
I\'ﬂur lor< e .
r&f{)ch LT ~
™ ...mi(:_[ Cenaing, -
T o e
— - "d ------------
b >
Complemty Number of Parameters in Model

(Snowling and Kramer,1991) (Hanna, 1993)

Model RELEVANCE: significance with respect to the output(s) of
interest (objective functions)
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Complexity vs. Relevance Conundrum

As model complexity increases it leads to:
* QOver-parameterization
* Hard/impossible to parameterize

e Equifinality, non-unigueness

Loss of RELEVANCE
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1. Motivation: decisions and uncertain information

2. Water resources in the southern USA: O way

down south in Dixie ... there’s a water war ...

3. Sea Level Rise: because nothing focuses a

person’s attention like the ocean moving toward

your house...

4. Summing Up
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APALACHICOLA CHATTAHOOCHEE FLINT

1. Watershed north and west Georgia
and north Florida.

2. Area Famous for “Water Wars”,
nearly three decades of negotiation of
water allocation.

-\—ﬂ)_

A\ j ofj
Sy - =
LS I
\ b a_ S ¥
| rad ) ¥
b L o {
MR \

3. Major stakeholders are: Lok L\ U
« Atlanta Metropolitan area X \ & R Coorgla . % %
«  Southern Georgia agriculture o SRV -

» Apalachicola seafood industry (oysters)

* Navigation

+  Alabama Power

«  Environmental rights agencies (gulf coast
sturgeon, 4 species of mussels)

Florida- -
“SRWMD

- Urban Areas

.| Flint Watershed
Chattahoochee Watershed
Apalachicola Watershed

[] FL Watershed Mgmt Dist
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ACF basin snapshot

Area: 50,764 sqg. km. or 5 million hectares
Population: 1995 -4 million

2050 estimated -7 million

Land use: 6% residential; 2% commercial; 25%
agricultural; balance is mainly undeveloped

forested
Reservoirs: hundreds of reservoirs, 16 on the three
cecnan principal river main stems (11 non-federal and 5
federal)
T T e
= FLORIDA POpUlation 90% 7% 3%
A Basin Area 74% 15% 11%

APALACHICOLA - CHATTAHOOCHEE - FLINT (ACF) BASIN .
i e (ACF) Withdrawals 82% 11% 7%

',5'
&
=8
LEGEND .
®  Cities —— Rwers «-Q:
o Signifcant Dams [ 15in - -
Mies

Source: National Aias. ESRI, Flonda Geographic Data Library, 2008

Source: Presentation to USDA-CSREES, National Water Conference Savannah,
GA by Robert Haskell Abrams, Professor of Law, Florida A & M University
(January 31, 2007)



Lake Sidney Ry b
Lanier o8

67% Storage

Chattyhoochee "
Rivey Basin

West Point{ | 7
Lake !

Flint River
Basin

Walter F. George
Reservoir

15% Storage

¢

) ’f
*_.g 2% Storage

Lak
Seminole

Aplachicola Rive

Basin 20 40

- — Viles

<
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ACF — SURFACE WATER
STORAGE

Federal government controls
the dams on the ACF

Managed in the federal
interest

No state controls the releases
or the storage levels from the
reservoirs...

The states do control
abstractions from the rivers
and more local reservoirs
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Quantity is concern of growing
Municipalities
*Focus has been on managing flow rather

than managing demand
*Surface water withdrawals:0 =555 Mgd

~Montgomery- 1

L rEn

' Legend
_ @ Ciies Study Area
- . Dams Region Water Use
®  Fishand Wildife Total Surface Water Withdrawals (Mgal/day)
@ Flood Contral g.oo0-1278
8  Hydroelectric 12.79- 45 BB
o \ater Supply - 45 BH - 122 38
— Basin Rivers B 122.39- 169 56
| ] AcF Basin B coc7-s55 00
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Significant irrigation demand for both surface and ground water

Surface Water Irrigation Ground Water Irrigation

i Huntsvilie
I L]
et .,
£y Decatyr” ..

ALABAMA b

Birfringham 7

L > Birmingham

[ L] b

Hoover J
Hoover
hd bt x
Montgomery » N
y { Montgarery
GEORGIA \
GEORGIA"
Persaccla
15 " —
= .. Pensacola -
= S (Yl e
=y FLORIDA ===

: FLORIDA

Gainesville
°

APALACHICOLA - CHATTAHOOCHEE - FLINT (ACF) BASIN

Irrigation Surface Water Withdrawals, Fresh

Legend AL Irrigation Ground Water Withdrawals, Fresh

® Cles SudyArea Lepend J W
Dams Region Water Use i 4

o Fenand viiaie Total Suface Water Witharawals (Mgaliday) i i o TERIST

. i 0. 118 ~-¢>= agon, 3 . ok

° 118338 £ o ¥~ i

' e —— s : u(;}g

it ° B
1 [ 0
ACE n 3B 32 8 ource: Mational At R W

APALACHICOLA - CHATTAHOOCHEE - FLINT (ACF) BASIN

SRI, Florida Geographic Deta Library, 2009, Miles

- frer
| B

Withdrawal by type:
Surface water (0-30 Mgd):highest withdrawals in the Atlanta, GA region and the

southern Chattahoochee and Flint (cotton, timber, peanuts, nurseries, etc.)
Groundwater (0-65 Mgd):highest withdrawals along the Flint and in the Alabama
region (King cotton, peanuts, vegetable and fruits)



Projected Popul

ation growth 2000 -2015

8

Future availability of water is
the primary concern of
metropolitan Atlanta

Significant growth in the northern
ACF basin

*Significant contraction of the area of
the southern ACF

L

e egend

: @\ ® Cities [ ] AcF Basin [ ] 075%to5.57%

| Dams ~ StudyArea [ 558% 10 13.44%
®  Fishand Widife Region Population [ 1345%to 26.27%
® FloodControl  POO_T5PERC B 26 269 10 47.17%
o Hydoslecric I 19 85% to -7.13% B 47 18% to 81 23%
0  Viater Supply I 7.14% t0 0.74% B 51049 10 136.72%

Basin Rivers

SOURCE: USGS POPULATION DATA



To address basin wide water quantity issues in a multi-
state basin in the U.S., there are four options:

A lawsuit through the U.S. Supreme Court,
Federal legislation requiring interstate management,

Creating an Interstate Water Compact, and

r b N R

Pretend you have no problems and pass them on to

unsuspecting future generations.
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2007-2008 Drought Causes Urgency
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“WATER WARS” EPISODE 1: A NEW HOPE”
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1989: Atlanta applies to the Corps for increased water withdrawals
and Alabama sues the Corps. States already had contentious
relationship over federal navigation project for over a decade.

1992-1997: Comprehensive Study of water use in the basin conducted
after negotiated agreement.

1998: ACF Compact approved by Congress and three states requires
development of a Water Allocation Formula by December 1998. First
such Compact in the southeast and first in US since passage of major
environmental laws in the 1970s.

In the compact legislation, the states were required to negotiate an
allocation formula to provide the details for managing the basin.

1999 - 2003: Compact negotiation extended 14 times when
agreement could not be reached by three States.

2003: Memorandum of Understanding between States on principles
of Water Allocation Formula and then the termination of ACF
Compact.
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“WATER WARS” EPISODE 2: THE LAWYERS STRIKE BACK
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2004-2005: Multiple lawsuits relating to the ACF water management proceed
through courts in Washington, D.C., Birmingham and Atlanta.

2006: Corps of Engineers and U.S. Fish and Wildlife present Interim Operating
Procedures (IOP) for managing ACF reservoir system.

2007: Severe drought requires modifying IOP to include Emergency Drought
Operations (EDO) as the Apalachicola River experiences record low flows and
endangered species are threatened. Court case consolidated to single court.

2008: District Court of Appeals rules in favor of Florida and Alabama on case
relating to water supply withdrawals from Lake Lanier. Georgia appeals decision.
Corps of Engineers announce preparation of new Water Control Plan for ACF
basin.

2009: Magnuson Ruling. Maintains that city of Atlanta has no right to water from
Lake Lanier (federal reservoir). In 3 years, all rights return to early 1970s,
leaving Atlanta without access to Lake Lanier. Atlanta appeals.

2011: 11t Circuit Court overrules Magnuson ruling, restores Atlanta’s right to
withdraw from Lake Lanier. Gives US Army Corps one year to decide how to
allocate the water. Florida and Alabama appeal to Supreme Court...

2012: The US Supreme Court declines to hear Florida and Alabama’s appeal,
thus affirming Atlanta’s right to withdraw and we all start over again... rewind to
1989...
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ACF MODELS -

S$STELLA®B.0
nnnnnnnnnnnnnnnnnnnnnnnn

sremoved-10-26-06.stm
Gm-» ROFHOE=E mMe= Afd WNE&#

ACF Daily Time Step Model Checks M&l, Agriculture, and Thermal Withdrawal and Return Instream Flow Controls |
Shared Vision Model e i
53012000 =
_ M_ Il

Navigate to: Date Lookup Routing Control

e ACF-Stella — generated

from the ACF Compact e Nel=l——

Simatation I7 Now 1093, 1400

X N\ A et = Simuiation Control
= e o B
e tihg
= iy i {

Negotiations s

B N RS TR
15" e h e 59 BE
e HECS5 : RES-SIM o HES f‘z% ==
. . L. 753 % ¥ s
USACE Mobile District e
T Er |
—yFreavae |
* For the most part, the At ir NG
models match each = & gl
other quite closely
* The forecasts are not
in dispute.. 4
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Total consumptive withdrawals from the Flint and Chattahoochee

18,000 .
PRI = 2000 DEMANDS
16,000 . <
) . = = = 90% EXCEEDED FLOW (1939-2001)
’ LY

,...14’000 P . = = = MINIMUM FLOW (1939-2001)
112,000
O
2'10,000 -
= 8,000 -

o
O 6,000
4,000
2,000
u l I l l I l l I l I I

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
SOURCE: ACF COMPREHENSIVE STUDY DATA BASE

The Chattahoochee makes a greater contribution to peak flows in the
Apalachicola. However, during extreme dry periods, the greater contribution
to flow in the Apalachicola comes from the Flint, where base flow is sustained
by groundwater discharges (Elder et al. 1988).
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Educating future water resource managers: Role
play and computer aided negotiation

Welcome to ACF Water Case Study & Teaching Resource

Water management in the Apalachicola-Chattahoochee-Flint (ACF) River Basin is a complex and
contentious process. This site introduces students to key concepts surrounding water in the ACF
system. The interactive roleplaying exercise presents backgrounds and viewpoints of various
stakeholders coupled with a modeling tool for simulating the effects of different river flow
conditions. Participants consider legal, economic, social, environmental, and political factors in the
ongoing negotiations that govern water in the ACF.

Supported by a grant from the Bob Graham Center for Public Service

Dr. Greg Kiker, University of Florida, Agricultural & Biological Engineering (Principal Investigator)
Steve Leitman, Florida State University, Urban & Regional Planning

Becky Blanchard, University of Florida, Anthropology

Daniel Tankersley, University of Florida/Western Oregon University, Fine Arts

© 2011 ACF Water

ACF Water

CASE STUDY & TEACHING RESOURCE

Resources

® Case Study Overview
® Hydrology and Flows
® Roleplaying Exercise
® Flow Simulation Tool

Roles

® Environmental Interests

® Flint River Agricultural Interests

® | 3ke Lanier Representative

® Metro Atlanta

® Middle Chattahoochee/Lower Flint
Interests

® Navigation Interests

® State of Alabama

® State of Florida

® State of Georgia

® .5, Army Corps of Engineers

Suffusion theme by Sayontan Sinha

States of Florida, Georgia and
Alabama

Environmental interests
Agricultural interests
Lake Lanier Association
City of Atlanta

Middle Chattahoochee Association

(Power companies & Municipal
uses)

Flint River Agricultural Association

Fed Agencies: US Army Corps of
Engineers/USFWS

Tri Rivers Navigation Association
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Coordinated courses at four ACF universities:
Role play and computer aided negotiation
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The ACF Stakeholders get organized

About ACFS Stal

NEXT Meeting:
Governing Board

WWhen: September 12- 14,
2012

»“ Where: Unical State Park,

Georgia.
WHO IS ACF:
A diverse group of individuals, n
corporations, and nan-profit

organizations throughout Alabama, Florida,
and Georgia that represent all of the interests.
within the Apalachicola-Chattahoochee-Flint
basin

Our Mission and Goals outline our purpose.
Find out more about what ACFS is doing—
read over the 2011 Annual Plan and the
S-year Planning Program.

To see who we really are, review our
Member List

WHY JOIN?
Read the FAQ's that
will make you wantto

As we work toward solutions for sharing the
waters of the ACF Basin, ACFS has
encountered many useful Resources. Please
review the Websites, Technical Papers,
Presentations and Webinars that helped
shape ACFS, and cantinue to guide our
forward-moving progress

ember Info

Working Together to Share a Common Resource

Water_._ It is one of society's most basic needs, essential for our survival. It is necessary for our
environment, sustaining every living thing that calls our planet home. It impacts our economy and plays
a critical role in power production, agriculture and the many other industries that are water-dependent.
It defines communities along rivers and lakeshores, and it provides unparalleled recreational
opportunities. It is fundamental to our everyday existence, yet it is something we often take for
granted. Butwe cannot continue to do so.

For the past 22 years, the use of the waters of the ACF River Basin has been tied up in the courts.

Recognizing that litigation and politics have been unable to resolve the issues, a grassroots effort was

launched by the individuals and groups most impacted by the situation — the stakeholders themselves.

Incorporated as a 501(c)3 nonprofit organization in September 2009 ACF Stakeholders, Inc. (ACFS) is
a diverse group representing sectors in all three states — working together for the first time to achieve a
common goal.

ACFs's mission Is to achieve equitable water-sharing solutions among stakenolders that balance
economic, ecological and social values, while ensuring sustainability for current and future
generations. After developing a strong organizational infrastructure and completing a forward-thinking
strategic planning process, ACFS is now ready to move forward with the critical next steps, centered
around developing a Sustainable Water Management Plan for the Basin. Through scientific modeling
and a shared vision process, ACFS will work to achieve a sustainable solution that works for everyone
in the ACF Basin.

More details

The GA, AL and FL stakeholders
formed and funded their own

group
Membership? Live in the
catchment

Industry, Agriculture,
Municipalities, Environmental
interests

A DeFacto CMA?
authority...

in search of

http://acfstakeholders.org

UNIVERSITY OF

F‘UNIVERSITY of :1}
FLORIDA r:- KWAZULU-NATAL

South African
NATIONAL PARKS




Getting organized for now and the future

U.S. Drought Monitor MNove

Infensity:

[ | DO Abnormally Dry
[ 1 D1 Drought - Moderate
[ D2 Crought - Severs
I 03 Drought - Extreme

B 04 Drought - Exceptional g

The Drought Monifor focuses on broad-scale condifions,
Local conditions may vary. See accompanying fext summarny

far forecast statements.

http://droughtmonitor.unl.edu/

UF [FLORIDA

Crought impact Types.
r~' Delineates dominant impacts

35 = Short-Term, typically <6 months
(e.q. agriculure, grasslands)

mber 13, 2012

Valid 7 a.m. EST

L = Long-Term, typically =6 montha
_ hydrology, ecology) USDA
=1
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Author: David Miskus, NOAA/NWS/NCE =
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Lessons from the ACF:

* General agreement on the Models and
their predictions...

 Some agreement about the metrics and
their levels...

* Very little agreement about what needs
to be done

— Sometimes values are the primary conflict
point

— Trust and long-term connections become
critical factors

— Attempts to understand each other and each
other’s metrics and data can pay big
dividends provided one is patient

* Management and ecosystem reaction
times are still unknown, because a
multistate governance has not been
established

e Climate change is pushing the issue
forward through ever more frequent
and powerful droughts.
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Monitoring

Indicator
value

Agreed safety margin
based on uncertainty

Monitoring interval
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/
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and risk aversion
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Best technical estimate Now
of the level of indicator
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occurs

Monitoring

»

3
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Llower confidence
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Mgmt Ecosystem

reaction Inertia

time

Time [Source: Scholes & Botha,2011]

Indicator value

reaction
time
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1. Motivation: decisions and uncertain information

2. Water resources in the southern USA: O way

down south in Dixie ... there’s a water war ...

3. Sea Level Rise: because nothing focuses a
person’s attention like the ocean moving toward

your house...

4. Summing Up
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Sea Level Rise and Potential Wetland Migration in Florida




Hurricanes, Tropical Storms and Tropical Depressions
are not exactly a surprise to most Floridians

Sources: NOAA, NY Times, Telegraph UK



Sea Level Rise and Potential Wetland Migration in Florida:
Two studies

R X,

MoV il Significant coastal

and stakeholders infrastructure
DoD funded, : * Increasing human
¥ .
Military populations
Installations * |ntense interest in

the vulnerable areas



SLAMM: Sea Level Affecting Marshes Model

* Simulates the dominant processes involved in wetland conversions
and shoreline modification due to long term-sea level rise.

* The study area is divided into cells and each cell is simulated
separately

Open Water

2D representation
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Model Process Overview

* Inundation: Bathtub style model, based on cell elevation and slope.

* Erosion: Triggered when a maximum fetch threshold is reached and
cell is in proximity of the marsh to estuarine water or open ocean.

 QOverwash: Barrier islands experience overwash from storms at a fixed
interval. Calculates beach migration and movement of sediments.

e Saturation: simulates the response of the water table to rising sea
level. Allows marshes to migrate onto adjacent uplands.

* Accretion: Simulates the vertical rise of elevation due to the buildup of
organic and inorganic matter. Rate may differs by marsh type.

Jonathan Clough
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National Estuarine Research Reserve System Science Collaborative:

Matanzas Basin

A oran * Guana Tolomato Matanzas National
— Estuary Research Reserve
H 'ViMatanzasElasin (GTMNERR)

|:| Matarzas Basin Buffer
 Low elevation estuary between St

Augustine, FL (America’s oldest city)
and the Palm Coast (rapidly growing
retirement community)
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Matanzas Basin
SLAMM Results
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SLAMM Results
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SLAMM Results

SLAMM results S BT WEE

Year = 2050

r

=
i___iMatanzas Basin

] matanzas Basin Butfer

2050

[ ] DevelopedLland

7] Freshwater Marsh
| saltwater Marsh

|| Beach

1 water




Matanzas Basin
SLAMM Results
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Matanzas Basin
SLAMM Results
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SLAMM Results
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Matanzas Basin
SLAMM Results
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Matanzas Basin
SLAMM Results
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SLAMM results
Pellicer Creek
2m SLR by 2100
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SLAMM results
Pellicer Creek
2m SLR by 2100
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SLAMM results
Pellicer Creek
2m SLR by 2100
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SLAMM results
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2m SLR by 2100
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2m SLR by 2100
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SLAMM results
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2m SLR by 2100

2060

(RRUNRERORE =

Developed Dry Land
Swamp

Cypress Swamp

Inland Fresh Marsh
Transitional Salt Marsh
Regularly Flooded marsh
Mangrove

Beach

Water

Irregularly Flooded Marsh
Tidal Flat

Pellicer Creek
SLAMM Results
2m SLR by 2100

Year = 2060




SLAMM results & SENSa NSt - ) A

"+ 2m SLR by 2100

Pellicer Creek
2m SLR by 2100

2070

Year = 2070

Developed Dry Land
Swamp

Cypress Swamp

Inland Fresh Marsh
Transitional Salt Marsh
Regularly Flooded marsh
Mangrove

Beach

Water

Irregularly Flooded Marsh
Tidal Flat

(RRUNRERORE =




SLAMM results R S e ) e

' 2m SLR by 2100

Pellicer Creek
2m SLR by 2100

2080

Year = 2080

Developed Dry Land
Swamp

Cypress Swamp

Inland Fresh Marsh
Transitional Salt Marsh
Regularly Flooded marsh
Mangrove

Beach

Water

Irregularly Flooded Marsh
Tidal Flat

(RRUNRERORE =




SLAMM results B NN G R < vonits

' 2m SLR by 2100

Pellicer Creek
2m SLR by 2100

2090

Year = 2090

Developed Dry Land
Swamp

Cypress Swamp

Inland Fresh Marsh
Transitional Salt Marsh
Regularly Flooded marsh
Mangrove

Beach

Water

Irregularly Flooded Marsh
Tidal Flat

(RRUNRERORE =




"+ 2m SLR by 2100

o I TR .‘ > Pellicer Creel
SLAMM results ARG G RN i i mosuite

Pellicer Creek
2m SLR by 2100

2100

Year = 2100

Developed Dry Land
Swamp

Cypress Swamp

Inland Fresh Marsh
Transitional Salt Marsh
Regularly Flooded marsh
Mangrove

Beach

Water

Irregularly Flooded Marsh
Tidal Flat

(RRUNRERORE =




How much difference is there between the sea level rise scenarios?

Habitat Reminaing Under 0.2m SLR by 2100 Habitat Reminaing Under 0.5m SLR by 2100
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Matanzas Basin
SLAMM Results
2m SLR by 2100

Landcover Change
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What areas are vulnerable to the loss of dry land and wetland?
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SLAMM Results
2m SLR by 2100
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Where might we gain wetlands outside of developed areas?

Matanzas Basin
SLAMM Results
2m SLR by 2100

Gained Wetlands from
Undeveloped Dry Land
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The way forward...
SLR in the GTMINERR

Areas within 2.5 to 5km of the ocean are generally affected

Changes in landcover area (0.2 to 2.5m SLR)

Developed Areas: loss of 10 to 400 ha
Undeveloped Area: loss of 40 to 800 ha

Because it is largely located within 5km of the ocean, St. Augustine is particularly
vulnerable to the loss of developed and dry land

Estimated losses are in the tens of millions

Ecological Losses: Vulnerable habitats throughout study area

Regularly Flooded Marshes loose 45% (1,100 ha) under the 2m SLR scenario.
Tidal Flats loose 25% (650 ha) under the 2m SLR scenario.
Swamps loose 7% (1,800 ha) under the 2m SLR scenario.

A significant part of this project is over 30 stakeholder meetings (just
beginning)
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Strategic Environmental Research and Development Program (SERDP):
Linking models to management outcomes -

Florida Snowy Plover Populations and Sea Level Rise
(Partners: US Army Corps of Engineers, Univ of Florida, SUNY Stoney brook

Global Sensitivity/Uncertainty Analysis
Multi-Criteria Decision Analysis

Sea Level Affecting

MaxEnt — Species Distribution Model RAMAS MetaPopulation Model
Marshes Model (SLAMM)

+ Juveniles

Open Water




Why are military areas important habitats?

.y
¢ i

* Important forageareas = .

and nesting habitats for
shoreline birds

GINS- Santa Rosa

Engineering Projects

Emergency Berm

Dune Restoration and/or Assisted Recovery

Beach Restoration and/or Feasibility Study

Renourishment and/or Emergency Renourishme

Source: Lott/ABC (2008)
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Panama City

The Gulf coast of Florida was divided into 7 sub-
sites based on available local SLR historic trend
measurements

Eglin AFB was simulated as 74 km of shoreline
10-km distance inland on all zones

Simulation period: 2010 to 2100

Time step: 10 years

Land Cover map used: NOAA 2006

DEM map used: USGS 2003

* Resolution: 120x120 m

Change in land cover at projected SLR by 2100:
SLR=0.2m,SLR=0.5m, SLR=1.0m, SLR=1.5m, SLR=2.0m

Apaachicola

Big Bend/ 3=
Cedar Keys '

St. Petersburg/
Tampa

Fort Myers



Global Sensitivity/Uncertainty Analysis

WHY/WHEN? Apportions output variance into input factors

< GLOBAL SENSITIVITY ANALYSIS

? ?

= INPUT ?
FACTORS  weup =$  OUTPUTS
UNCERTAINTY ANALYSIS > HOW MUCH?

Propagates input factor variability into output




Translating Integrated modeling results into Decision Information

Incorporates:

— Scenarios

1m and 2m SLR by 2100

Ceiling and contest density
dependence

— Management alternatives

No action

Species focused beach nourishment
(538m/yr)

Predator management (51.8m/yr)
Predator exclosures (S1.8m/yr)

— Measures

— Levels of risk

— Uncertainty

UF [FLORIDA
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Coastal
Protection
Goal

South African
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SP Protection
Goal

Carrying Capacity
Measure

Decline in
Population Measure

Beach Area
Measure

Habitat Suitability
Measure

Cost

Measure

Risk of Terminal
Extinction Measure

Public Popularity
Measure

Decline in
Population Measure

Decision Structure




Decision Analysis allows the combination of model uncertainty with different

Goal: Coastal
Protection

Goal: Plover
Protection

stakeholder valuations

1m SLR Ceiling
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Predator Managment
Exclosures
Ne Action
0.000 0.200 0.400 0.600 0.800

2m SLR Ceiling

l
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Predator Managment —_—
Exclosures +
No Action
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Exclosures

No Action
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W Beach Area

W Cost
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Exploring the conditions for success:
Linking GSA/UA to management outcomes-
Florida Snowy Plover Populations and Sea Level Rise

Final Average Snowy Plover Population

in 2100 over the entire FL Gulf coast
(RAMAS model)

Uncertainty analysis tells you this
5 Sensitivity analysis
(e) FAP: contest

=N

w

N

=)

Relative frequency (%)

-—
1

o

c |

100 200 300 400
Final average population
So, this tells us that growth rate and dispersion are
critical, but can we control them with management?



What are the conditions for success and can we
control them?

Ranges of Inputs
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Let’s look at another metric of management interest:
Snowy Plover Risk of Extinction

Risk of Extinction

Uncertainty analysis Sensitivity analysis

Relative frequency (%)

0.0 0.2 0.4 0.6 0.8

Risk of extinction



System uncertainty and management outcomes:
Snowy Plover Risk of Extinction
Output: Risk of Extinction

Relative frequency (%)

TPC: Risk < 50%
10 Range of Inputs
L (a) pdf stf1 ;stdl\'/\l;l)d;
6 Sy
>
Q
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S 6
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Decision Analysis Results

The ranking of the alternatives is the same between 1 and 2 m SLR

The ranking of the alternatives is different between contest and ceiling
type density dependence

— Ceiling Ranking: (1) Exclosures, (2) Predator Management, (3) Nourishment, and (4) No
Action

— Contest ranking: (1) Nourishment, (2) No Action, (3) Exclosures, and (4) Predator
Management
In all of the model scenarios Exclosures ranks higher than Predator
Management

The level of uncertainty is higher in the 2 m SLR scenarios than inthe 1 m
SLR scenarios

The uncertainty in each of the scenarios and in each of the management
alternatives makes a definitive selection of an optimal alternative unclear.

JSMAA and Logical Decisions rank the alternatives the same.
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Conclusions and Implications for Future
Research/Implementation

e The alternatives rank the same between the 1 and 2 m
SLR scenarios but different between the contest and
ceiling type density dependence.

e Density dependence describes how a population grows
relative to its population size.

¢ In ceiling density dependence, the population grows exponentially
until it reaches its carrying capacity.

e In contest density dependence growth is a function of the current
population size and the carrying capacity.

e This MCDA shows that more information on density dependence is
necessary to be able to select an optimal management alternative.

o SLAMM runs do not account for future armoring. This
will decrease beach area and snowy plover habitat
further
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Lessons from Coastal Florida:

The models and their predictions
make people nervous and
suspicious...

Strong agreement and interest about
the metrics and their levels...

Decision makers are beginning to
notice..

Stakeholders are just now “getting
their heads around” the
implications...

Management and ecosystem reaction

times are still unknown, because a
multistate governance has not been
established

Hurricanes are pushing the issue
forward ...
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Outline

1. Motivation: decisions and uncertain information

2. Water resources in the southern USA: O way

down south in Dixie ... there’s a water war ...

3. Sea Level Rise: because nothing focuses a

person’s attention like the ocean moving toward

your house...

4. Summing Up
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Lessons for the RSA and the USA

e Climate change/variation will
not only change things...

* |t will change how we think
about things...

e Lessons from the USACE

— Be the bearer of your own bad
news

— Keep engaging even when they
yell at you
* Lessons for anyone

— Have some numbers before
someone gives them to you...

— Short term fixes are exactly Bizafio.con

that... at what cost? oW CLIMATE CHANGE WILL AFFECT
MAN-ON-A-DESERT-ICLAND CARTQONE
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So, What About the Future? Ensemble modeling allows simulation

Indicator value

and combination of models in uncertain futures

Monitoring

___________________________________________________

Ensemble Modeling for Irrigation Demand

__________________________________________________

— ]

N =~

Phase Differences

—_—

Time

Simulation
Envelope




Discussion - How does society handle
uncertainty/complexity?

Acceptable limits of Uncertainty?
* Multiple models, multiple independent sources?




Thank you for your attention
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