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Applied Bird and Ecosystem Science to Advance
Conservation for Wildlife and People

* Founded in 1965
* 140+ staff and

seasonal biologists
« 2012 Budget: ~$9m

Using birds and other species as indicators of change
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PRIORITY: Reduce Impacts of Environmental Change
on Ecosystems & Enhance Capacity to Adapt
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Future forecasts will always involve uncertainty
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Traditional approaches for uncertainty: Refine
models to produce accurate and precise results
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Dawson et al., 2011, Science
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Scenario analysis

e Scenarios are:
- Plausible alternative future conditions
- |deally based on data or expert knowledge
- Bracket the range of possible future conditions

e Scenarios are not:
 Predictions
« Used to identify the most likely future
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Use scenarios to characterize the future
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Examine how management might vary given different
scenarios

Vulnerability

A high
Preparedne Option B Opt

ption C
Middle of The

the road pessimist

Option D
Robust

Option A
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optimist
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Low High
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Dawson et al., 2011, Science
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Robust decision making

« Find management strategies which are robust to a
range of future climate conditions

* These strategies perform well but may not
necessarily be optimal for future conditions



Prioritizing restoration in the
San Francisco Estuary given
high uncertainty Iin future
conditions
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Background- 90% Loss of Tidal Marsh in SF Bay

Historic Tidal Marsh 1997 Tidal Marsh
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Background- Changing Landscape

 Habitat lost to: agriculture,
salt ponds, urban S - =i cou
development s
« 1999 Bayland Habitat
Goals: Restoring 55,000-
65,000 acres of tidal marsh
habitat

Diked Baylands
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Napa Sonoma Marsh Restoration, Pond 2A. Photo by Lary Wyckoff, CBFG
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Tidal marsh bird population: indications of
restoration success?

Nur and Wood,
unpublished

Common Yellowthroat Population Change, Estuary-wide
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Will habitat be there in the future?

How will changing climate affect tidal marsh birds?

Nur and Wood,
unpublished
s
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Wil tidal marsh habitat sink or
SwWim?
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Scenario development: Can marsh
pace with sea level rise?

accretion keep

« Sub-regional scenarios
e Suspended sediment
e Organic accumulation

Suspended Sediment Assumptions
mg/L (Low-High)
[ 25-50

o ] 25-100 Organic Accumulation |
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Global Sea Level Projections (by 2100)

0.18 to 0.59 m Intergovernmental Panel
on Climate Change (IPCC, 2007)

- does not include ice sheet contributions

0.5 to 1.9 m Rahmstorf (Science, 2007)/ sy Sﬁ"’“‘m%“.a”d' Rahmstorl, PNAS 2008
Vermeer and Rahmstorf (PNAS, 2009) ol |

140 :
1201 AA2

- relates sea level rise to mean surface temperature

0.8 to 2 m Pfeffer et al. (Science, 2008)

100 |- ~ 4Bt
a0 .

Sea Level Change {cm)

- constrained by observations of ice sheet dynamics

&0
40 - L |
S M Hansen (Environ. Res. Lett., 2007) 20 @}

o —

- non-linearity, amplifying polar feedbacks- ‘albedo flip’ 20 2050 T 100

Year

- sea level was 75 m higher at ~50 Ma
- at 5 Ma, sea level was ~25 m higher , but only 2-3°C

warmer (A2 emissions scenario is 4.5°C warmer)

Patrick Barnard, USGS
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Scenario development: Can marsh accretion keep
pace with sea level rise?

From National Research Council, adopted by ACOE

* Sub-regional scenarios 18
e Suspended sediment 16 //
« Organic accumulation 14 NRC!

» Sea-level rise by 2110 15 e //

e Low=0.5m
« High= 1.65m

) /
/
/ _—

SLR (meters)
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Scenario development: Can marsh accretion keep
pace with sea level rise?

« Sub-regional scenarios
e Suspended sediment

« Organic accumulation Organic sediment dominated

« Sea-level rise :
 Marsh 98 Accretion ¢ ™| el
Model § .
o MTL.
.
MLL:W-_ -
* | /subtidar =~ Mineral sediment dominated

Time

S. Crooks, ESA PWA
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Online SF Bay Tidal Marsh Sea-Level Rise Tool

WWW.prbo.org/sfbayslr

Welcome to PRBOs San Francisco Bay Sea- evel Rise Website #Aboutthe Maps & Data  Give Us Your Feedback Download Data
“\ po An online decision support ool Tor managers, planners, consenvation practifioners and scienfists

i k Start Choose what you want to explore: *

|Select.. |

What Does it do?

e Shows side-by-side maps of current and future tidal marsh distribution for SF Bay

o Allows users to select climate change scenarios, sediment supply assumptions, and
data layers

» Projects changes for entire SF Bay powered by a dynamic marsh accretion model
[learn more]

Why use this tool for Conservation Planning?

* The models generating these maps are the first to take into account the ability of
marshes to accrete, or keep up with, rising sea levels, in the San Francisco Bay
Estuary.

* PRBO has generated a series of scenarios to provide a range of projections to
address the uncertainty in future rates of sea-level rise and suspended sediment
availability.

e Our maps cover the entire Estuary allowing for analyses at multiple spatial scales.

» This tool displays maps created at a high spatial resolution using the best available
elevation data. The website will be continually updated as new data becomes available

e The tool is the first to provide spatially explicit projections of vegetation and bird
distributions throughout the Estuary

The PRBO Sea-.evel Rise Tool will help you:

* View and query maps to understand how sea level rise may change the extent of tidal
marsh habitat and bird species distribution over the next 100 years

* Make informed decisions about adaptation planning, restoration potential, and land
acquisition given various sea-level rise and sedimentation scenarios.

o |dentify areas both vulnerable and resilient to future sea-level rise.

e Register to gain access to our downloadable map data

Phota by Peter Baye

Using this website

Start by selecting the type of data you wish to explore above. Move your mouse over any Dto get more
infarmation about each selection.


http://www.prbo.org/sfbayslr
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Current tidal marsh habitat and potential habitat with
restoration (levee remo

| Elevation wrt MHHW (m)
[] <-1.8 m (subtidal)
| ] -1.7--0.6 m (mudfiat)
“\ [ -0.5--0.3 m (low marsh)
.| M -0.2 - 0.1 m (mid marsh)
‘i [ 0.2 - 0.3 m (high marsh)
[ 0.3 m (uplang)
No Data

Areas behind levees

V [ urban areas
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Marsh sustainability is extremely sensitive to

sediment availability and SLR scenario

Future Projections

Projections for 2110 ©2030 ©2050 #2070 2090 02110

Low sediment/ high SLR

*

Habitat Type ¥

Above +0.2m (Upland)

0.2m to +0.3m (High Marsh)

- -0.2m to +0.1m (Mid Marsh)

-0.5m to -0.3m (Low Marsh)

: iState P

% ark,
3 e
5‘,“7‘2, 19

-1.8m to -0.6m (Mudflat)

-2.4 m to -1.8Bm (Subtidal)

Bay water level

Mo Data
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Accretion model results: Tidal marsh habitat is very

sensitive to the SLR scenario and sediment availability

oren @ access available online 9 PLoS one
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Level Rise: A Hybrid Modeling Approach Applied to San
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bstract

packground: Tidal marshes will be threatened by inceasing rates of sea-level rise (SLR) over the next century. Managers
eek guidance on whether existing and restored marshes will be resilient under a range of potential future conditions, and
in prioritizing marsh restoration and conservation activities.

Building upon i waolves a mechanistic treatment of

i i i iati ervation and restoration dedision-
aking. We applied this model to 5an Francisco Ea)x using bﬁt-\a\m a and estimates of sediment supply
Ind organic matter accumulation ped for 15 Bay were run over 100 years for 70
lombinations of starting elevation, mineral sediment, organic matter, an| j=. Results were applied spatially to
aluate eight Bay-wide dimate change scenarios.
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by}, short-term restoration of diked
the next century with sediment
jgreater than 300 mg/L would be
I ulatlm hacl mmlrnal lrnpa\:tscm

Principal Findings: Model results indicated that under a high rate of S
btidal haylands to mid marsh elevations (—0.2 m MHHW] could Y

o
!

assumptions. Across all scenarios, however, the model proj
marsh and gains in low marsh and mudflats.
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Introduction b C e | I a.l:"l.,.Q]m..d to different aspects of dimate change has

prompted a arge hody of research exploring potential tidad marsh

from 2010

% Change in area
&n
o

Projections of sea-lvel rise (SLR) range from 18 em 1o nearly mesponses 10 inereased rates of STR [7-9], m wel as increased

and recent anggest [10], salinity [11], and CO; concentrations [17].

2 m over the next cemury [

that = much as 5 could be posible [3]), making lowdying Tidal marshes provide highvahie ecosystem services such as

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0027388
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Results — summary of key findings

* Models are sensitive to sediment and sea level
rise scenarios but not organic accumulation

 We project increases in tidal marsh habitat in all
scenarios except for low sediment/ high sea level
rise (93% of mid and high marsh lost)

« Up to 7,500 ha (current) and ~32,500 ha (future
sed high/sir low) of diked baylands have
restoration potential.

« Up to 3,300 ha of uplands could become marsh
by 2100.

« Sediment-rich areas have better prospects for
long-term sustainability.
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How will tidal marsh birds respond to future
scenarios?

We used our bird observations with marsh
accretion results to model tidal marsh bird

response to sea level rise, including changes in
salinity
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Variation in response in space and by scenario

2110: High
2010 sediment/
High SLR
2110: Low 211_0:_
sediment/ Variation
High SLR across
scenarios
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Tidal marsh birds are also sensitive to scenarios
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Is the robust solution the best solution given high
uncertainty?

Experimental Design

There are 97 proposed or in progress
restoration projects in the SF Estuary.

Select the top 25% of these projects
to prioritize for restoration?

B, ARG i
Restoration Projects
Urban area

Use each future scenario, and two
alternative methods to test
restoration prioritization.

Use each future scenario to evaluate
the restoration prioritization for
that scenario.
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Restoration prioritization method

« Assume future projections are too uncertain, use
Current vAai~nAntiAanrna +A nviAviti—=A

General Assembly of North Carolina SESSION 2011

"\' - - 2
policy, or planning guideling addressing sea-level nse, unless it is a coastal-area county or is

1 3 located within a coastal-area county. 1
° I te r a-t I V e | 4 (c) No mle, erdinance, policy, or planning guideline that defines the rate of sea-level rise I ar I O S
5 shall be adopted except as provided by this section.

i S th e tr L 6 (d)  The General Assembly does not intend to mandate the development of sea-level rise | t / h | g h
7

policy or rates of sea-level nse, If, however, the Coastal Resources Commussion decides o

bl =

g
an d IOW 9  of Coastal Management to calculate the rates,
10

(e} The Division of Ceastal Management shall be the only State agency authorized to

11
12
13

4
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Zonation Conservation Planning Software woianen, a. 2007

Robuét sites‘

“‘ IRobust landscape rank

| o-02
| |021-04

041-06
0.61-0.38
0.81 -1
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Robust strategy performs consistently well

Wheheali8 éadibesi/ifigtict sgeifaits rraugeshilpt o raeg)\s cebattor
ththeobilst sblaieyytoiieg\petter

& [ Sed High/SLR High = Sed Low/SLR High
/i Sed High/SLR Low ] Sed Low/SLR Low
D _______
4]
2
o
1]
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o
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o
v
T
1 e
Pessimistic
3 scenario
Sea no evil (current) Sed High/SLR High Sed High/SLR Low Sed Low/SLR High Sed Low/SLR Low

Restoration ranking scenario

*** P< 0001 NS P=07 P=.07 * P<.05
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Robust strategy performs the best when uncertainty
IS high

© ] T e
o
—
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2 S
2 -m- Sed High/SLR Low %
3 @ - —o-  Sed High/SLR High
s Sed Low/SLR High
o —*— Sed Low/SLR Low
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o T [-

2030 2050 2070 2090 2110
Year
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Summary: Robust decision making may lead to more
efficient management when uncertainty is high

* |n our study, incorporating all scenarios in restoration
prioritization provided consistently high performance
for choosing the best restoration projects

 High uncertainty should NOT be an excuse to ignore
the future

* Incorporating future models, even when the wrong
future scenario was chosen, tended to produce better
results than relying on current conditions

 When uncertainty is high, robust decision making
using future scenarios may lead to better adaptation
planning than trying to predict the future precisely
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Future Work

*Incorporate models for population viability

Include habitat for shorebirds coupled with
mudflat models

*Work with partners to develop new tools to
evaluate the effects of floods and storm
hazards (http://data.prbo.org/apps/ocof/)

*Engage stakeholders to at local levels to apply
our tool in adaptation planning efforts
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Contact: sveloz@prbo.org

www.prbo.org/sfbayslr
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