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Climate change is already impacting

Chesapeake Bay
Chesapeake Bay has warmed by more than 2°F
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Precipitation is already changing
In our region
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Global Climate Change impacts in the US from 1958-2007.




Sea level has risen 0.5m since 1900

Trends in relative sea level at tide gauges around
the Chesapeake Bay
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Ezer, T. and W.B. Corlett. 2012. Is sea level accelerating in the Chesapeake Bay? A demonstration of a novel new
approach for analyzing sea level data. Geophysical Research Letters 39: L19065, doi:10.1029/2012GL053435.



Winter temperature range increased,
summer temperatures decreased slightly
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Figure 4.2. Temperature increase (°F) for Maryland from 1990 to
the year 2100. The shaded regions depict the 25th-75th percentile
spread between all the models.




Winter precipitation range decreased slightly,
summer precipitation increased slightly

Precipitation Percent Anomaly
Variability, Maryland
15 -« New IPCC regional estimates

© Lower emissions 2
@ Higher emissions ®
— .
=2 winter
i o
>
"
E —_
=
- 8
e 2
=
IE -
8
o Qmmer
lG -
& 0 @) _
-
-5

2000 2020 2040 2060 2080 2100

Year
Figure 4.8. Winter and summer percent change in precipitation.



Is acidification occurring in Chesapeake Bay?
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Fig. 2 Annual irends in Chesapeake Bay surface waler pH in the a
Spring-Massohaline, b Summer-Mesohaline, ¢ Spring-Polyvhaline, snd
d Summer-Polvhaline, Mesohaline includes salinities of 5-18, and
polvhaline are salinities =18, Mean values are based on surface walers
of | m or less, averaged over season. Spring is defined as April, May,
June, snd summer June, July, Aupust Seplember, corresponding o
important growth periods for adulis and juvenile oyslers, mspoctively.
Error bars are the 95% confidence interval for the mean values. Data

i ofignally obtained from Chesspeake Bay Program Waler Chmlity
Waldbusser et al. 2011, Estuaries and Coasts o AR ey



Focus on impacts to and
resilience of key resources

* Four focus areas
— Salt marsh and Submerged Aquatic Vegetation
— Bacteria and Pathogens
— Qyster and fish recruitment

e Expect various impacts from sea level rise, temperature, storm
frequency, precipitation, and salinity changes

Impact
Storm
Resource SLR Temperature Frequency Salinity Precipitation
Salt Marsh X X X
SAV X X X
Bacteria and Pathogens X X X X
Water Quality X X X
Oysters X

Fish recruitment X X



Outcomes of January webinar

Define communities — not just salt marsh, but woods/wetlands
Interactions of climate change factors on water quality, which then affects

SAV and salt marsh, which are being directly by climate change as well.
How will we address this?

Add pH/ocean acidification to list of climate change impacts
Salinity — how it affects submerged aquatic vegetation
Measuring oysters is not a strong point in the Bay right now, so will have to
think about a resilience indicator, cannot just be basic abundance
— Maybe resiliency of oysters to storm frequency, possible use shellfish bed closures
as proxy?
Create a new Bay scenario with current IPCC report results

— Integrate the effects of warm and wet (it’s not just going to be wet and cool, or dry
and warm)

— Use Tropical Storm Lee as example of what Chesapeake Bay will see in future

How does adding climate change to the report card jive with the
Chesapeake Agreement, since the agreement currently doesn’t address
climate change?

— Having Governor O’Malley as chair of the Executive Council will hopefully change
the language of the Agreement



Outcomes of January Data Meeting
e Approach

— Resources, ecosystem services/functions, socioeconomic impacts
How do we measure resilience?

— Current bay versus future bay

e How do we incorporate the resilience index into a report
card?

— Four focus areas
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Outcomes of April Communication Meeting

How do we communicate this information?

— Display data over time

— Spatial data can be included on maps

What is the vision for this report/product? What is the actual product?
— There will be a printed component

Will this be included within the report card, or as a separate piece?

Since the CCRI is so detailed and needs a lot of explanation, should it be
separate? Maybe a 2-page or 4-page document.

There will also be a component of this included on the website.

Having an initial status of the index in the watershed, what are the initial
values, and then also have a retrospective analysis as well as a projection
of data using scenarios (2015, 2020, 2050).

— We can conceptualize scenarios, but probably not run actual models as a part of this
project.



Chesapeake Bay Climate Change Vulnerability

Natural Anthropogenic

]

TR




More Resilient

Less Resilient

» Marsh migration ' ' Hardened
pathway Q Erasion O rciines Wﬂm Seagrass beds
. . . W
\ Sediment supply \ Saltwater intrusion d;,:; ening m Opyster reefs




Less Resilient ; Maore Resilient

l High temperature m Wetlands

@ Low dissolved oxygen % gf; ;ﬁgs:éalgng




Submerged Aquatic Vegetation
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Shellfish
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Chesapeake Bay Report Card 2013
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How will Chesapeake Bay respond to climate change?

Protection and resioraton of the Chesapeaie Bay must account for dimais dange mpads thal we

e expriencing now. These impach inclurde sea lovel fe, inomasing water iormperatuees and rainfal,
Fdiiaang Sloim liequendy ahtl imeraily, changes i ianly and ooosn Scdifcaton BHL W & aFmhlly
dewloping a sute of indhcanoes fhal will e mslience of Chesapeake Bay to dimate change. These
ndaatons ane onastal wetiands, ubmenged aqUatc vegetation, fahy, shelfish, and pathogens

Hurnan-causad sulnarability

Natural wulmarahility

o s Ol Tiaxger Sinaferrr ke achi s Do Paatri-Caa tand
@ s vulrorabaitnes of Chempeale Say 1D CRTHE imDac.

How can we measure resilience to climate change?
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Chesapeake Bay Report Card 2013

How will Chesapeake Bay respond to climate change?

Climate {hange Protection and restoration of the Chesapeake Bay must account for climate change impacts that we

are experiencing now. These impacts indude sea level rise, increasing water temperatures and rainfall,
increasing storm frequency and intensity, changes in salinity, and ocean aodification (pH). We are currently
developing a suite of indicators that will measure resilience of Chesapeake Bay to dimate change. These
indicators are coastal wetlands, submerged aquatic vegetation, fish, shellfish, and pathogens.
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Chesapeake Bay Report Card 2013

How can we measure resilience to climate change?

Climate change
indicators
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We are creating the Climate Change
Resilience Index using a 5-step process:

1. Conceptualize: ilustrate the
ways that climate change may
affect resources from sea level rise,
increased temperature, predpitation,
and storm freguency and intensity,
and ocean acidification.

2. Choose Indicators: choose
indicators that reflect the processes

from the conceptualization.

3. Define Thresholds: determine the
desired condition for each one of the
indicators.

4, Calculate Scores: compare data to
the desired conditions, and combine
into an index for dimate resilience.

5. Communicate Results: the index
will be incorporated into the
Chesapeake Bay Report Card, and
will be highlighted in newsletters and
other reports.

As an example, Conceptualization
showes that coastal wetlands are likely to

Coastal wetlands
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be affected by their ability to migrate landward or grow upwards as sea levels rise, and will be protected
by underwater grasses and oyster habitat, which reduce wave action and erosion during storms. Indicators
that can be used to measure wetland resilience include migration pathways that will allow the wetlands to
migrate landward, and sediment supply, which allows wetlands to grow upward as sea levels rise.




Wetlands

e Total Suspended Solids
— From Kirwan et al. paper
— Data from Chesapeake Bay Program’s database
— Paper outlines thresholds

e Past, Current, and Future SLR Rates used
— Past: 4mm/yr SLR = 9mg/I TSS
— Current: 6mm/yr SLR = 15.5mg/I TSS
— Future: 12mm/yr SLR = 35.5mg/I TSS



TSS Scores
based on Past
SLR Rates

TS5 scores under past
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TSS Scores
based on
Current SLR
Rates

T55 scores under current
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TSS Scores based on
Current SLR Rates
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TSS Scores
based on
Future SLR
Rates

. ke s b T55 scores under future
— P i . ; 5LR Rates
h -‘ i h 1
ol e e - s - 100 1"'. Very good
R ., U “} ; . 80
e B 60 B
el
o T St C Moderate
v ol
g i 20
J {]'th. Very poor

Wetland Type

W Estuarine and Marine Deepwater
B Estuarime and Marine Wetland
I Freshwater Emengent Wetland

_rf.,?\-._f f a Freshwater Farested/Shrub Wetland
*
¥
W il i U
iy ] 22500 45000
[ .’v-'\‘ < Meters
L, v
=L -J"Lf.



Upper Western

Shore -
B :

Patapscoand .«

Back Rivers ~—Upper
. or ) Eastern
Lower Western ,_° k. Shore

Shore (MD)™ .

Il, ¢y
.' '\ ) J.'\

-

=

TSS Scores based on
Future SLR Rates B .

Potgi

-~
. H Choptank
i River
Patuxent | ; P
River

/.A‘

~

S
pe—_
.-

gwer Eastern
hore (Tangier)
| ; e

"

i .

Fo

Rappahanngck
River -

York
River ™. _

1{}{}%. Very good
B
60
- C Moderate
_ ™ 40
X o
¢ Elizabeth 20

¢ . ~ River {}%. \,f.er},r poor




Chesapeake Bay
Fisheries

National Fish and
Wildlife Foundation’s
“The Chesapeake Bay
and Global Warming”
(2007)

Have data on some of
these species

Look for trends

TABLE 2. POTENTIAL IMPACTS OF GLOBAL WARMING
ON CHESAPEAKE BAY FISHERIES

& Potential loss of species altogether in the Chesapeake Bay
Likely decline in species range or viability in the Chesapeake Bay
@  Likely expansion of species range or viability in the Chesapeake Bay

SPECIES LIKELY | CLIMATE CHANGE IMPACTS
TREND IN CHESAPEAKE BAY
Water temperatures could excesd
Winter flounder - habitable range.
Water temperatures could excesd
Soft-shelled clam - habitable range.
Water temperatures could reach near
the upper limit of habitable range
R and also conducive to outbreaks of
my cabacterial infections.
Water temperatures could reach near
e the upper limit of habitable range.
Declining eelgrass habitat with rising
Blue crab sea level and exacerbated eutrophi-
cation.
Atlantic Warmer water more conducive to
menhaden mycobacterial infections.
Eastern ovster Warmer water more conducive to
oy Dermo and MSX.
Brown shrimp a Warmer water more favorable,
Southern flounder o Warmer water more favorable.
Black drum L Warmer water more favorable.
Grouper L Warmer water more favorable.
Spotted seatrout [ ] Warmer water more favorable.

Note: These probable effects were identified based on available information, buf significant
changes inkey parametars such as temperature and salinify are likely to have wide-ranging
unpredicisble effects on life cydes and food webs.




Submerged aquatic vegetation

Gurbisz and Kemp 2014

Working with Gurbisz on resilience indicator
Resilience = [measure of SAV]/[disturbance]
Example = % loss/# of days with low water clarity




Other indicators

* Beach closures — no trend, nothing to show
e QOysters — no raw data to even look at
 Pathogens — want to link to impervious surface
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