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Introduction

Project Purpose and Background

In 2016, the ChesapealBay Program Office (CBPO) began an effort to idensfyte of indicators that can be

dza SR G2 GNI O] YR Ftyltel S GNByRazxz AYLI Othe ghiefayhRf LINE 3
this initiative isto track progress toward thelimae resiliency goal and outcomésthe 2014 Watershed

Agreement:

1 Goal:Increase the resiliency of the Chesapeake Bay watershed, including its living resources, habitats,
public infrastructure, and communities, to withstaadverseimpacts from changing emenmental and
climate conditions.

0 Monitoring and Assessment outcome&ontinually monitor and assess the trends and likely
impacts of changing climatic and sea level conditions on the Chesapeake Bay ecosystem,
including the effectiveness of restoration apbtection policies, programs and projects.

0 Adaptation outcome:Continually pursue, design, and construct restoration and protection
projects to enhance the resiliency of Bay and aquatic ecosystems from the impacts of coastal
erosion, coastal flooding, me intense and more frequent storms and deael rise.

To address all facets of the climate resiliency goal and outcomes, the CBPO sought a balance of indicators across
three categories:

1 Indicators ofphysical climate trend$ased on measurements of phgai or chemical attributes of the
environment.

1 Indicators ofecological and societal impadhat measure a) attributes of ecological systems,
particularly attributes that may be influenced by physical climate trends, or b) impacts on society, such
as healh or economic outcomes.

1 Indicators ofprogrammatic progress toward resiliendhat quantify resilience or show evidence of
learning or adaptation over timdResilience is the ability to anticipate, prepare for, and adapt to
changing conditions and to wittend, respond to, and recover rapidly from disruptioR&sponses
include management actions such as designatieiand migration corridorsas well as physical actions
such as constructiniving shorelines in place of hard shoreline structures (e.dkheads) in coastal
environments.

The CBPO contracted with Eastern Research Group, Inc. (ERG) to conduct research and lead a systematic,
participatory process to identify candidate indicator topics; prioritize topics to include as part of a manageable,
cohesive suite of indicators; and lay out an approach to develop each of the proposed indicators. The CBPO has
expressed an interest in developing a suite of indicators that is large enough to cover a wide range of important
climaterelated issues, yet smahough that it will be feasible to maintain all the indicators with periodic (in

many cases, annual) data updates for the foreseeable future. After careful consideration of the scope, ERG
recommended a target number of approximately 20 indicators.

What Isan Indicator?

{OASyGAaGa YR LREAORYIFTSNE RSTFAYS G4KS GSNXY daAYyRAOL
nomenclature, this project defines an indicator as follows:

1 Anindicatorpresents one or moraumerical valusderived from actual lmasurements of a state or
ambient condition, ecological or societal response, or programmatic action, whose trends over time
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represent or draw attention to underlying trends in the condition of the environment or measure
progress towards: desirable stater condition.

1 Anindicator as defined here may consist of multiple metrics. In some cases, underlying metrics may be
aggregated to create a muithetric index for example, an index of biological integrity, which combines
several distinct measurements intosingle variable. However, this project will not require every
indicator to be boiled down to a single variable. An indicator might present two or more variables that
characterize different dimensions of a complex issue, possibly in the form of two erdistinct maps
or graphs. This is especially true in cases where the variables are not easily combined, or where they
LINE ARS Y2NB SELX Iyl {i2NE @I ftdzS 2y GKSANI 26y C20
have one metric that tracks totalnnual precipitation and another separate metric that tracks the
incidence of heavy precipitation events.

Indicator Criteria

After soliciting input and compiling a list of more than 200 potential indicator topics, ERG worked with the
Climate Resiliency Wkgroup(CRWGand other partners to screen and prioritize the topics according to four
sets of criteria:

Criterion Definition

1. Fundamental data quality standards that every proposed indicator must be able to meet, either now
in the future

Topical réevance The indicator provides information about physical climate trends, ecologi
or societal rgponse, or programmatic progress toward resilience. The
connection to climate change is documented or can be explained easily.

Spatial coverage The indicato provides information that is specific to the Chesapeake Bay
Chesapeake Bay watershed, or geographieusits within the watershed.

Temporal coverage Multiple years of data are available to describe changes or trends, and tf
latest available datare timely.

Actual observations The indicator is based on observed data. Modeling and statistical inferen
any) is limited to spatial interpolation between data points, such as the
process used to generate a gridded map.

Credible methods The indic#or is based on sound data collection and analytical methods th
reflect the state of the science.

Data quality and integrity The data provider uses quality assurance procedures to ensure data qug
and management systems to protect the integrity of tthata.

Objectivity The indicator is developed and presented in a clear, complete, and unbig
manner that accurately represents the underlying trends in physical
conditions.

Uncertainty Sources of uncertainty are known and understood.
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Criterion

Transparency and
reproducibility

Definition

The specific data used and the specific assumptions, analytical methods
statistical procedures employed are clearly stated. Documentation is
sufficient to allow the indicator to be reproduced independently.

Feasibility

The indicatoiis feasible to construct, and a program is in place to continu
collect data, thereby allowing the indicator to be updated in the future.

Peerreview validation

If an indicator is based on physical measurements of environmental
conditions, it must usélata from a peereviewed publication, a program
that uses peereviewed methods to collect and analyze data, and/or a
program whose data have been used and validated inpedewed
publications. This criterion will likely apply to all indicators ingthgsical
climate trendshin and certain indicators in the other two bins (for example
measure of benthic community condition). For indicators that are not bas
on physical measurements, peer review is ideal but not required.

H® &5SaAi NI oyfcahsiderRtbns to hdjpdztlett zhé best data source or metric for a given topic,

multiple sources are available

Relationship to other
indicators

The ideal indicator will complement other indicators rather than duplicatir
them. It fills a vital rolen the organizational framework. Where possible, a
ideal indicator will have established causal relationships with other
indicators, which can be evaluated.

Spatial coverage

The ideal indicator will use data collected throughout the Bay and its maj
tributaries or throughout the watershed, as opposed to indicators that arg
only measured at a few locations.

Spatial resolution

The ideal indicator will provide at least a total or an average for the Bay,
watershed, or the individual states that are paftthe watershed. Where
possible, the ideal indicator will support loeadale analysis by providing da
that are downscaled furthear for example, data for individual sampling site
subwatersheds (e.g., HUL2), NOAA climate divisions (up to 10 per a}at
or a gridded map.

Temporal coverage

The ideal indicator will have many years of data available. The best indic
will have at least 30 years of data, which is a common threshold for
climatological analysis. The ideal indicator will also have aatfiaseline,
particularly if it is used to assess progress toward resilience.

Temporal resolution

The ideal indicator will have data with at least annual frequency, with sul
annual frequency if appropriate (e.g., where seasonal variations are
important to consider).

Consistency of methods

The ideal indicator will be based on data collection and analytical methog
that are comparable across time and space. In some cases, it may be
appropriate to use data that were collected or analyzed using multiple
methodst for example, supplementing shetérm records with longeterm

Climate Change Indicator Implementation StgteRevised July 13, 2018



Criterion

Definition

records from a different source. In such cases, the data visualization shg
distinguish between the different sources, such as by inserting a disconti
in a time series or plotting nttiple lines on a graph. The CBNERR indicatc
by UMCES and Chesapeake Data provide a good example of this appro

Uncertainty

The ideal indicator will have low uncertaimtyor example, small error bars
or narrow confidence intervals.

Other limitations

The ideal indicator will have few confounding factors or other limitations 1
make it difficult to interpret the data or draw conclusions.

Understandability

The ideal indicator will provide a clear depiction of observations that can
understood by bth technical and nottechnical users.

3.4+ 4 &RESRE
for the CBPO and its mission
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Rate of change

To what extent is an indicator on this topic likely to shdwartge over time?
In other words, would a graph show a fairly flat line over time, or might w|
expect to see a more noticeable change?

Significance of consequence

How significant are the consequences for society or ecosystems? One ¢
think about consegences in terms of severity, scale, probability, and/or

timeframe. For physical climate stressors and societal/ecological impacts
one could consider the impact of the changes that are projected under
commonly accepted climate scenarios. For suggestedarulis that involve
adaptation actions, one could consider the consequences if such actions
not taken.

Significant advancement in
our understanding of climate

Would an indicator on this topic significantly advance the scientific and p
O 2 Y Y dz/uhdesstanding of climate change, impacts, and resiliency in
Chesapeake watershed? In other words, would this indicator reveal
Aa2YSOKAY3 AYLRNIIFIYyG GKIG 6S R2yQ
tracking?

Known new need

Would an indicator on this tap address a data or tracking need that has
been strongly expressed by program staff or stakeholders?

Relevance to CBP
management actions

Does the proposed indicator track an attribute that tG&W@&nd the
Chesapeake Bay Program could reasonably expdm table to influence
through management actions?

Relevance to climate
resiliency goal and outcomes

¢tKAad ONRGSNR2Y F20dzaSa 2y GKS ai
change. For physical measures and impacts, one can focus on the exten
which climate change is a key stressor that will drive any apparent trends
the indicator, as opposed to situations where climate change is just one
many factors. For resilience indicators, to what extent will each attribute
action convey resiliencegainst climate change?
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Criterion Definition

4. Considerations for assembling the overall suite

Balance across bins Aim for at least 25% (five indicators) from each of the three bins describe
above (physical measures, impacts, and resilience), but recognize that s
indicators straddle bins.

Balance of tidal and Aim for no more than 2/3 tidal or 2/3 nontidal.
nontidal/watershedwide

Balance of ecological and The climate resiliency goal and outcomes refer to living resources, habitg
societal/lhuman concerns and ecosystemsalthough workgoup members suggested a focus on
societal/human issues as well.

Balance between breadth Cover all key climate change stressors on the Chesapeake region

(diversity) and depth (temperature, precipitation, sea levedcidity); cover many types of systems
002yySOlA2ya |andissues;avoid duplication; and include some indicators that have cau
linkages and work together to tell a story, particularly across the three bir

These criteria were designed to focus on indicators thiitbe useful and relevant to technical users, such as
scientists and policy analysts involved in management and oversight. Where possible, the project team
considered indicators that are alselevant toa publicaudience

About This Implementation Plan
ERG developed this implementation plan to fulfill the following objectives:

9 Lay out an initial vision for each indicator in the proposed suite.

9 Describe a stepwise process that could be used to develop each indicator.

9 For each step in the process, identikely resource needs to the extent possible, in terms of tools,
expertise, CBPO staff time, and funding to engage outside partners if needed.

For each indicator, this plan identifies the status of current development and describes actions and next steps
for five general stagesf indicator development

Defining the indicator

Collecting data

Developing methods to transform the data into an indicator
Processing the data

Developing a final indicator for the Chesapeake region

ukrobdpRE

Timeframes and costs have beeriested based on available information and based on experience with similar
indicator development projects. However, many of these estimates are just general approximations. At best,
some of the cost estimates should be taken as an indication of the ofdaagnitude of the effort required. In

some cases, information was insufficient to allow even a ballpark estimate to be generated, due to uncertainties
in precursorstages of indicator development that have yet to be completed. These instances are soted a

ac. 50

This plan focuses on incremental castbat is, costs for additional tasks that are not already covered (and

Tdzy RSRO & LI NI 2F a2vy$S2yS$Qa 220 RdziAS&ad C2NJ Ayadly
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being collected, and fundinfor continued data collection is assumed to be in place from another source, this
plan identifies no additional cost. Substantial new tasks that could require support from a contractor or an
academic/research partner have been estimated in dollars. Hostantial new tasks that likely can be

performed by CBPO personnel, this plan identifies resource needs in terms of labor hours. This plan focuses on
the cost to develop technical indicator content; it does not include additional labor to develop aedhdisse
communication products such as web graphiosps,or summary text.

Next Steps

CKA& LXFYy Aa y2i aSi Ay aidz2ySo wliKSNE Ad Aa I+ afAg
starting point for further discussion, development, andyagement with additional partners. As priorities

evolve, new data sources emerge, and new analytical approaches are developed and published, the CBPO and

its partners may find it useful to add or remove certain indicator topics or change the way thaansliaee

constructed.

From the outset, this project was intended to be the first step in a process to develop a suite of indicators, to be
AYLX SYSYGSR 20SNJ GAYSSY G2 YSIadaNB yR aaSaa (GNByRa
ecolagical and societal response (i.e. impacts); and programmatic progress toward building an effective

response (i.e., adaptation). Upon completion of this implementation plan, ERG will develop a small subset of
indicators within the proposed suite and delivbem to the CRWGor review and approval. This subset will

likely include some of the following indicators: Air Temperature, Coastal Flooding, PrecipRatitatted

Lands, Restored Habitat, Sea Level Change, Stream Temperature, and Upstream Fldodmger,for those
AYRAOFG2NR GKIG KIFE@S 06SSYy LINRPLI2ASR dzaAy3 Fy2GKSNI |3
LJ- NI A Odzf + NE ( K-&ald intifators 8f clim&eichayide)j o 2lefdlopment will take place until

proper arrangementtiave been made between the CBPO and the source agency regarding data sharing
mechanisms, permission to publish, and commitments for future maintenance.

This implementation plan presents a vision of an ideal suite of indicdtat€RWGpriorities and awilable
resources will determine which indicators are actually developed, and on what timeframe.
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Summary of Indicators and Proposed Steps

Indicator Development Status at a Glance

Stage4: Data processed

e
c
o
e
@©
S
S
=
—
o
o)
©
iE
(9p)

Stage2: Data collection
program in place
Stage3: Methods
selectedto transform
data into an indicator
developedfor the

Chespeake

metric(s)defined
Stageb: Indicator

Type of indicator
Group A: Chesapeake indicator already exists

Protected Lands Resilience or respons \Y \
Restored Haibat Resilience or respons \Y \
Group B: Existing national indicatgust needs to be clipped or cropped
Air Temperature Physical stressors \Y \
Coastal Flooding Impacts \Y \%
Precipitation Physical stressors \Y \%
Sea Level Change Physical stressors \Y \%
Stream Water Physical stressors V \%
Temperature
Upstream Flooding Impacts \Y \Y \%
Group Cindicator defined, but need to process data and develop indicator
Acidification Physical stressors
BayWater Temperature Physical stressors partial
Harmful AlgalBlooms Impacts partial partial
Property atRisk or Impacts partial
Damaged
Urban Tree Canopy Resilience or respons
WetlandExtent and
PhysicalBuffering Impacts partial partial
Capacity
Group D:Data likely exist, but need to define and develop indicator
Bird SoeciesRanges Impacts
BMPs andzreen .
Resilience or respons

Infrastructure
LandUse/Land Cover Resilience or respons
Shoreline Condition Resiliencer response
Wetland Migration .

. Resilience or respons
Corridors
Group ECould requirea new data collection program
Fish Population Impacts / resilience of
Distribution response
Submerged Aguatic Impacts / resiknce or
Vegetation Composition | response

Climate Change Indicator Implementation StgpteRevised July 13, 2018 9



Master Timelinend Summary of Costs

This impementation plan provideanitemized list ofstepsrequiredto publish each of th@roposed indicators,
along with detaitd estmates o the extentpossible) ofanticipated costs and timeframe$he table below
summarizes thee key steps, costs, and timeframes atange.For ease of comparisganticipatedcosts and
timeframes are definedin this aimmarytable accading tothe followingcategories

Anticipated cost Anticipated timeframe
M Low $1¢$10,000/ 1¢100staff hours 9 Shortterm: canbe achievedwithin 1 year
1 Moderate: $10,00¢$50,000/ 100c500hours 1 Medium-term: 1to 5years
1 High $50,000+ 500+hours 1 Longterm: morethan5years

Note that the table presented herecuses only on theteps to bing an indicatoonline in its initid form. For
several indicators, thariplementation plan describesagyed additions and optional enhagmments that will
likely require additional time and resourcdheseadditionalresour@ requirementsare not summarized below,
but can beassessed by reviewing the detailiediicator-specific sectionfater inthis document.

The table belw provides anticipated costs falewvelopingeach indicatorThese are incremental costeyond
initiatives that are &eady funded Resource planninghould also consider thengoingcost to maintain each
indicator with current data. In most casgour inial assessmenis that mainenance costsvill be in thedowée
range oncehe data processingoutine is operationalized. The exception would be @age where a new data
collectionor processingprogram is created for the primaryyopose of mforming one of these indicators.
Operational costs of such a program will have to be consideredlnasase when more information is available.

Anticipated = Anticipated Work needed to Optional additions and

Indicator

cost timeframe create initial indicator enhancemens

Group A: Chesapeake indicator already exists

Standardize reporting
calculate changeadd
conservation valuand
quality of protection
Restored Habitat None Shortterm None N/A
Group B: Existing national indicatgust needs to be clipped or cropped

Crop and process ERA

Protected Lands None Shortterm None

Air Temperature Low Shortterm datasets; aqquire dTropical N/A
Night< data

Coastal Flooding Low Shortterm Crop and process EPA's N/A
dataset

Work with NOA®

Crop and process EPA's forthcoming

Precipitation Low Shortterm annual precipitation
downscaled heay
dataset A
preciptation dataset
Sea Level Change Low Shortterm Crop and process EPA's N/A
dataset
Cropand process EPA's
Stream Water Low Mediumterm  dataset upon update from N/A
Temperature USGS
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Anticipated

Anticipated
timeframe

. Optional additions and
Indicator
enhancemens

cost create initial indicator

Work needed to

Crop and process EPA's
dataset
Group Cindicator defined, but need to process data and develop indicator

Determine approach for

Upstream Flooding Low Shortterm N/A

Addenhanced metric,

Acidification Low Shortterm presenting pkprocess such as aragonite
data saturation
Develop methods for one .
Bay Water Moderate Shortterm dataset; process data for Expan_cto er.‘t"e Bay
Temperature and tributaries
two datasets
Establish program to Varbus methoalogy
Harmful Algal TBD Shortterm resume data proessing; anddata collection
Blooms
process data enhancements
. Select data; digitize data; Better define
Property at Risk or . ] e
High Longterm develop methods; process classifications; develop
Damaged )
data valuation methodology
Compile data; publish
Urban Tree Canopy TBD Shortterm methods; process data for N/A
indicator
Incorporate hgher-
Wetland Extent and Selectand processwetland resolution datadevelop
Physical Buffering  Medium Shortterm b and applymethods for

extentdata

Capacity physical buffering

capacity

Group D:Data likely exist, but need to define and develop indicator

Define indicator; publish

Incorporae additional

Bird Species Range Medium Mediumterm methods; process data datasources
Define indicator; collect . )

BMPs and Green High Mediumterm  dataif needed publish Consider expanding

Infrastructure ) beyond stormwater
methods; process data

Land Use/Land Medium Shortterm Select da_lta; develop N/A

Cover methods; process data

ShorelineCondition High Mediumterm Define |n_d|cator; publish N/A
methods; process data

) . Define indicator; select

Wetl_and Migration High Mediumterm  data; publishmethods; N/A

Corridors
process data

Group ECould requirea new data collection program
Define indicator; establish

Fish Populatin : data collection program;

Distribution High Longterm publishmethods; process N/A
data

Vegetation Medium Mediumterm . p gram. — \/a

o publishmethods; process
Composition

data
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Suggested Prionis

The proposed indicators have been divided into five groups based on the expected level of effort to develop
G§KSY® DNRdzLJA ! I yRI y 3 NBER Mdcgitd<tiiatdid befe@sygto develop. Given
that they have all been ranked as highority topics as a result of the scoring exercises that were part of this
project, it would seem logical to go ahead and develop these eight indicators.

The CRWG may also elect togeed withadditionalindicators that are already under development by other
groups, where major funding is already in place and minimal additional effort will be needed to transform the
resulting products into the desired indicator format. Indicatorghiis category includebt are not limited to)

Bay Water Temperature and Urban Tree Canopy.

Otherwise, his plan defers to the CRWG for prioritization among the Group C, D, and E indidatissons will
undoubtedly depend on a variety of factors, irgilug the interests of group members and stakeholders, the
importance of filling particular gaps, and the availability of shand longterm funding.

Climate Change Indicator Implementation StggteRevised July 13, 2018 12



1. Protected Lands

Indicator at a Glance

\%
\%
\%
\%
\%

Stage 1: Indicator defined

Stage 2: Data collection pragn in place

Stage 3: Methods developed/selected to transform data into an indicat

Stage 4: Data processed

Stage 5: Indicator developed for the Chesapeake

Indicator value:

1

Protectinglandin anundevelopedstate canhelpto mitigate someof the impactsof climatechange.
Comparedwvith developedand, more naturallandscapesanoffer refugiafor speciespuffersagainst
floodingand sealevelrise,and other valuableecologicakervices.

Giventhe wide scopeof ecosystenservicegrovidedby protectedlands,this indicatorrelatesto many
of the goalsand outcomesof the WatershedAgreement,including:

TheClimateResiliencygoaland outcomesasdescribedabove.
TheLandConservatiorgoaland outcomes whichincludetargetsfor protectingmore land.
TheVital Habitatsgoaland outcomes by providingawayto quantify habitat protection.
TheHealthy Watersheds Water Quality, and SustainableFisherieggoalsand outcomes,as
protectedlandsprovide ecosystenservicesn supportof theseobjectives.

O O OO

Relationship to other indicators in the proposed suite:

T

= =4 =4 =

Landprotection canreduceconversiono different landuseor land covertypes,asmeasuredoy the
proposedliand useand land coverindicator.

Protectionof wetlandshelpsto maintainwetland extent and physicalbuffering capacity.
Developmentestrictionscaninfluencethe extent of living vs. hardenedshorelines
Protectedstatusis animportant aspectof designatingeffectivewetland migration corridors.
Protectinglandin the watershedcanhelpto manageupstreamflooding, protectingcoastalwetlands
canmanagethe extentand severityof coastalflooding, andtheseindicatorsultimately drive the
amountof property at risk or damaged

Increasinghe amountof protectedland canhelpto control nutrient runoff that contributesto harmful
algalblooms.

Notable opportunities, riskand areas for enhancement:

T

1

Theproposedindicatoris built on the existingprotectedlandsindicatorusedby the Chesapeak8ay
Program(CBP).

If the CBHNndicatorisused,it islimited in its ability to comparedataovertime, dueto variationsin data
reporting procedures However efforts to standardize2 dzZNJA & Rép@tingf@nyatate underway?
Twooptionalenhancementsouldadd more of a climateresiliencycontextto this indicator:

o Considervaluatingthe valueof protectedlandsin termsof habitat valueor conservation
potential, usingexistingdatasetdike TheNature/ 2 y & S NB It if O andAreasfor
Conservatiordataset.Usinga high-resolutionland coverdatasetasan overlaywould allow the
CBRo comparethe locationof protectedareasagainstthe locationof priority land cover
typest for example areasof highvalueintact forests.Suchan enhancementvould allowthe

! See discussion on the adoption of PAD_US data standards at
https://www.chesapeakebay.net/documents/22065/5 protected lands publi¢3315.pdf
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protectedlandsindicatorto inform other climaterelatedindicators,includingwetland
migration corridors.

o Desigrthe indicatorto differentiate betweenvariouslevelsof protection (e.g.,state park,
workingforest, varioustypesof easements)so asto characterizehe quality of protection.
Stronger,more permanentforms of protection (e.g.,landthat canneverbe developedin any
way)or formsof protectionthat allow for adaptationto climatechange(e.g.,wetland
migration)may conferhigherresilience.

Stage 1: Indicataand Metric Definition

Status:Indicator and its metric have been defined. |

Indicator Description

This indicator will identify the total number of acres of permanently protected lands in the Chesapeake Bay
watershed, at multiple jurisdictional levelsnd for all land ownership types. The CBP currently defines
GLINRPGSOGSR tlyRaé a fFyRa LISNYlIySyiGte LINRGSOGSR TN
perpetual conservation or open space easements or fee ownership. Protected lands ircudsy, town, city,

state and federal parks; designated open space and recreational land; pulvliced forests and wetlands;
privately-owned working farms or forests with conservation easements; historigalhprtant lands; and

military-owned parks andecreational areas. The current CBP indicator tracks total acres protected to evaluate

progress toward the protection of an additional two million acres by 2025, compared with 2010 levels.

Additional Needs

No additional work is required for the indicatas currently defined. Additional enhancements would require
the following work:

AellienElNeIienEEbEe ] 1 Toevaluatethe conservationvalueof protectedlands:ldentify dataset(s)hat
ascribedifferential valueto parcelsof land(e.g.,priority habiat areas,priority
conservationlands)andoutline ageneralapproach Consideb h ! !géhéral
principlesandapproachat:
https://coast.noaa.gov/applyit/wetlands/prioritize.htmhlong with the data
sourcedescribedn Stage2 below. Buildon anywork that hasalreadybeen
doneinthisarear for exampleconservatiorpriority mappingdoneby the
CrossGoalTeamandthe CBPG51Steam.

1 Toevaluatethe quality of protection: Reviewavaibhbledata sourcesgdetermine
the extentto whichthey distinguishbetweendifferent typesof protectedland
(whichcouldrequire consultingwith the jurisdictionsthat report data),develop
alist of desiredcharacteristicgor protection,andoutline a generalapproach
andreporting schemefor quantifyingthe levelof protection basedon the
extentto whichthesedesiredcharacteristicare presentfor a givenparcelof
land.

1 Forboth of theseoptionalcomponents considerclimateresiliency i.e.,what
typesof protectedland andwhat levelsof protectionare mostimportant from
a climatechangeperspectiveln termsof conservatiorvalue,providinghabitat
for aspeciest riskfrom climatechangemight be a particularlycompelling
considerationln terms of quality of protection, alevelof protectionthat
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prohibits shorelinearmoringor allowsfor wetland migrationmight be of
particularinterest.
Skills or resources Knowledge of relevantrotected land datasetstatues/regulations governing
needed, and what different protection types, angrogrammatic perspective on priorities for land
individuals or conservation This capacity ikely available fronexistingworkgroups and partne
oIfefzlplk2z 1l g EVENIIEET | agenciesA collaborative pcess ca be facilitated by CBPO staffacontractor.
capacity To capitalize on existing efforts, it may be worthwhile to engage with the
Chesapeake Conservation Partnership, which has worked for many years to
priority lands for conservation and identify promisingios for climaterelated
indicators.

Aol ERTn el | Within 1Lyear.

SSipEicelisieniieesil L) 02 bpmaIanan 2NI mnan adlFF OK2dzNB 0

the enhancements described here.

Stage 2: Data Collection

Status:Data collection program in place. \

Data Source Information

Dataset CBP mtected landglataset.
Source description Compilation of federal and state mapping layers.
Organization that CPBO collects data from states and USGS Proteoted Ratabase of the United
collects the data States (PARS). Data provided directly from:
1 USGPADUS(includesNationalConservatioreasemenDataset)
1 DelawareDepartmentof NaturalResourcesind EnvironmentalControl
(Divisionof Fishand Wildlife)
Freshwaternstitute (WestVirginiaProtectedLands)
MarylandDepartmentof NaturalResources
MarylandDepartmentof Planning
Pennsylvani@8ureauof FarmlandPreservation
Pennsylvani®epartmentof Conservatiorand NaturalResources
VirginiaDepartmentof Conservatiorand Receation
Data source contact Renee Thompsomthompso@chesapeakebay.net
el fscl sl Data source for existing indicator that meets the stated need for this topic.
Temporal coverage Multiple iterations of protected area datasets (2006, 2011, 2013, 2015/2016)
although comparisons over time are limited by methodological variations.
Frequency Updated approximately every 2 years.
Spatial coverage Chesapeake watershed.
Sjecike sl SRl Pl M Gererally 1:24,000.
Access to data Available through the CBPO.

= =4 =4 -8 -8 -9

Protected land GIS layers are available from various sources, but the existing CBP dataset provides the most
topically relevant and readily available source of data. Many of the protecteddseds published by other

agencies and organizations are derived from the same underlying sources as the CBP dataset. For example, the
Chesapeake Conservation Partnership helps to support the LandScope Chesapeake initiative, which provides
extensive information about priority lands for protection, but the data layers thandScop@rovides orthe
protectedstatusof landsappear to be derived from the#SGS PADS datasetlescribed above
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The optional enhancements proposed in this plan should be pogsileplement using the existing CBP
protected lands dataset or other data sources that are already available, such as:
1 TNCEcoregion®riority Areasfor Conservatior(http://maps.tnc.org/gis_data.htmnjl
1 Phag 6 LandUsedataset(https://chesapeake.usgs.gov/phase6/map
1 ChesapeakeélighResolution_andCoverDataProject(http://chesapeakeconservancy.org/conservation
innovationcenter/highresolutiondata/land-coverdata-project/), whichfed into the Phases LandUse
dataset
1 Conservatiorvaluemappinggeneratedunderthe CBRProtectedLandswork plan

Additional Needs

Future data collection is assumed to be funded through existing mechanisms. Also, the CBPO is planning a
project to enhance the reporting process such that reporting entities (jurisdictions) will standardize datasets into
PADUS format before uploading through LandScope Chesapeake. This standardization and corresponding
technical assistance to jurisdictions will help make it possible to track changes over time. This existing project is
taking place separately from this chte resiliency indicator effort, so its resource needs are not considered as
part of this implementation plan.

Stage 3: Method Development/Selection

Status:Methods have been selected to transform the data into an indicator. |

Method Information

plcsleaiei 1 Protectedlandsdatasetsare collectedfrom jurisdictionsand PABDUSand compiled.

9 Rawdataexistin polygonformat; convertto 5-meter rastergrid cells.

1 Calculateareaby ownershiptype from 5-meter grid cellsand aggregatdo statelevel.

Peer Peerreview status TBD. Note that only authoritative datasets are used in the compilation 1
review this indicator.

status

Citations Chesapeake Bay Program. 2016. Indicator analysis and methods document.
http://www.chesapeakeprogress.com/files/Analysis _and_Methods 2016 Protected Land

06-2017.pdf

Climate Change Indicator Implementation StgpteRevised July 13, 2018 16


http://maps.tnc.org/gis_data.html
https://chesapeake.usgs.gov/phase6/map
http://chesapeakeconservancy.org/conservation-innovation-center/high-resolution-data/land-cover-data-project/
http://chesapeakeconservancy.org/conservation-innovation-center/high-resolution-data/land-cover-data-project/
http://www.chesapeakeprogress.com/files/Analysis_and_Methods_2016_Protected_Lands_02-06-2017.pdf
http://www.chesapeakeprogress.com/files/Analysis_and_Methods_2016_Protected_Lands_02-06-2017.pdf

Additional Needs

AGhliieE el dp==lesel Develop an approach to quantify changes in protecerkage from one time
interval to the next, which requires distinguishing between previously protecte
and newly protected parcels. This step has already been identified as a poter
future enhancement to the existing CBP indicator.

To evaluate the caservation value of protected lands:

1 Identify priority land covertypeson whichto focus(e.g.,acresof protected
wetland,acresof protectedriparianzone).

9 Developandtest methodsfor overlayinghabitat or conservatiorpriority
datasetsandidentifyingprotectedareasthat intersectwith priority areas.

1 Considemethodsto identify connectionsbetweenadjacentprotectedareas
that couldserveashabitatcorridors.

To evaluate the quality of protection, develop and test a method for combinin
multiple datasets (as needed), categorizing levels and types of protection, der
I O2YLRAAGS aGlijdatAGeé a02NBZ yR Y
approach should consider what attributes of protection are most relevant from
the perspective of clinta resiliency.
Skills or resources Quantification of change will require familiarity with reporting formats and
needed, and what coordination with jurisdictional partners. The CBPO, with support from partne
individuals or agencies and contractors, has this capacity.
organizations have this
capacity Adding conservation value and quality of protection will require GIS software
skills, along with expertise in working with land cover/land use and ecological
datasets. CBPO staff or a contractor can previds support.

AealEVEllERIn el | Comparison over time TBD; 1 to 2 years for other enhancements.

=Sl felneleisis | Comparison over time is presumably already funded. Adding conservation val
and quality of protection could require $10,068P5,00 if contractor support is
desired, or 15300 staff hours

Stage 4: Data Processing

Status:Data have been processed to create an indicator. |

Data Processing Information

SippElsanaerecssliel Calculate percent of total protected land withinagjurisdiction.

steps

Processing tools and Compilation and calculation is performed using GIS software. Final calculatio
skills needed and development of charts in Excel.

Organization that CBPO staff.

processes the data

Processing contact Renee Thompsomthompso@chesapeakebay.net

Aeessishiel ol fele=isiscle el Compiled protected lands dataset available from the CBPO. Excel file showin
calculations posted atttp://www.chesapeakeprogress.com/conserved
lands/protectedlands
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Aelesisishiel ol felel=isislalo | Available through the CBPO.
scripts, formulae, etc.

Additional Needs

Ao el dpcle sl Process data for future years, incluginohange over time. Process data for
optional enhancements.

Skills or resources GIS software and skills; working knowledge of Excel. CBPO staff have the ca|
needed, and what to perform these steps, alttugh a contractor could assist with the optional
individuals or enhancements if it makes sense with available resources.

organizations have this

capacity

AelEvelelERdn el | Routine processing every 2 years; adding change over time TBD; other optio
enhancements likely achievable in 1 to 2 years.
=Syl ticielteesic o Estimated $10,00€525,000 or 106250 staff hours for optional enhancements.

Estimated annual No additional cost to process the existing indicator, assuming the CBPO cont
maintenance cost to maintain it. Optional enhancementgill require additional maintenance; cost
TBD.

Stage 5: Indicator Development

This stage involves turning the processed data into an indicator. It also requires complete technical
R20dzySydatrdAazy Ay GKS /.tQa adlyRINR F2NXYI (o

Status:Indicator developd for the Chesapeake. |

Indicator Information

@hllsleEpisielsleelssl Check all that apply:

X Graph(s)

X Map(s)

X Summary text

X Technical documentation in CBP format
X Downloadable data

hid KSNY Yyuyyyueyyyuyeeuuyyyyyyyy
Organization that CBPO.

publishes thendicator

Indicator contact Renee Thompsomthompso@chesapeakebay.net

Temporal coverage 2011¢2016.

Frequency Every 2 years.

Spatial coverage Chesapeake watershed.

Sl lD s Nilel| Graph shows statewide totals; map at 1:24,000 scale.

Access to indicator http://www.chesapeakeprogress.com/conservémhds/protectedlands

2 Incremental cost beyond work that is already being performeddiata processingrogram is already in place and fully
funded for the foreseeable future, thfgeld shouldindicate a cost of zero.
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Additional Needs

Aol dpz= sl Update existing indicator as new data become available. Add/revise graphics
revise the documentation if enhancements are added.

Skills or resources Familiarity with the data andhie processing steps; CBPO staff can perform this
needed, and what work.

individuals or

organizations have this

capacity

AelEvElelERn el | Routine updates every 2 years; timeframe for adding change over time TBD;
enhancements can be added in 1 to 2 years.

Estimated ugfront cost [JiIz]»3

Estimated annual TBD.

maintenance cost

Final reviews or TBD.

approvals needed

Summary of Actions and Anticipated Costs

Who has capacity Required or

optional?*

Existing CBP Protected Lands Indicator
Process data for existing
indicator in fuure years
Update existing indicator
materials in future years
Enhancements Already Planned for Existing CBP Protected Lands Indicator

@BPO staff and

Standardize reporting 2 Noné TBD . Optional
partner agencies

4 None Every 2 years | CBPO staff Required

5 None! Every 2 years | CBPO staff Required

Develop an approach to

quantify changes in 3 None TBD CBPO staff ar!d Optional
protected acreage over partner agencies

time

Process change data 4 None TBD CBPO staff Optional
Revise indicator to

incorporate new 5 None TBD CBPO staff Optional
component(s)

3 Incremental cost beyond work that is already being performednlindicator has already been developed and a program

is in place to maintain it for the foreseeable fututhisfield should indicate a cost of zero.

4 An actionis required if it is pivotal to developing or maintaining an indicator. Other actions are considered optional if they

represent more of an enhancement or expansion to an indicator.

5> Given that this indicator is already maintained by the CBPO, it likalgantinue to be maintained without requiring the
services of a contractor or other partners.

8 Enhancements to jurisdictional reporting and determination of change over time have been proposed and presumably

funded through other mechanisms, so this imyplentation plan does not add incremental costs for these steps.
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Cost

Timeframe

Who has capacity

to do

Required or

optional?

Enhancements Proposed for Climate Resiliency

Identify dataset(s) that
map conservation value

(optional enhancements)

hours; or some

combination of
the two

and/or outline an _ Up to $10,000 N CBPO staff or _
approach to quantify or 100 staff Within 1 year Optional
) . contractor
quality of protection, both hours
in a climate resiliency
context
Develop methods to $10,00@
quantify conservation $25,000 or CBPO staff or :
value and/or quality of 150¢300 staff 1to 2 years contractor Optional
protection hours
$10,00¢
cpl:r?wz‘i:iggltiae;?:r fhese $25,000 or 1to 2 years CBPO staff or Optional
y 100c250 staff y contractor P
enhancements
hours
Revise indicator to
incorporate climate TBD 1to 2 years CBPO staff or Optional
I contractor
resiliency enhancements
Ségfsss data in fute TBD/yr Every 2 years | CBPO staff Optional
.U pdate indicator materials TBD/yr Every 2 years | CBPO staff Optional
in future years
Total one-time cost
. None
(required components)
~$20,00@
$60,000;250¢
Total one-time cost 650 staff

Total annual cost
(required components)

None

Total annual cost

(optional enhancements)

TBD/yr
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2. Restored Habitat

Indicator at a Glance

\%
\%
\%
\%
\%

Stage 1: Indicator defined

Stage 2: Data celttion program in place

Stage 3: Methods developed/selected to transform data into an indicat

Stage 4: Data processed

Stage 5: Indicator developed for the Chesapeake

Indicator value:

1

T

Thisindicatorhelpsto addresghe ClimateResiliencygod and outcomes,asacreageof restoredhabitat
indicatesprogrammaticprogressoward creatingmore refugiafor specieghat facethreatsfrom
extremeeventsand changingconditions.

Oysterreefspromote Water Quality by filtering out pollutants protect shorelinedrom erosion,and
provide food andvaluablehabitat for other organismsTheSustainableFisherieggoaland outcomesin
the 2014WatershedAgreementincludeatargetfor oysterreefrestoration.

Wetlandshelpto preventpollution from runningoff into receivingwaterbodiesand, ultimately, the Bay;
slowthe erosionof shorelinesand protect propertiesagainstfloods by absorbingstormwaterand
dampeningstorm surgesprovidehabitat for wildlife; and supportrecreation.TheVital Habitatsgoal
and outcomesin the WatershedAgreementincludetargetsfor creatingor reestablishingvetlandsand
enhancinghe function of degradedwetlands.

Relationship to other indicators in the proposed suite:

T

T

1

1

Reductionsn wetland extent and/or physicalbuffering capacity, sealevelrise, andchangesn land
use/land coverare keydrivers of the needfor habitatrestoration.

Restoredhabitat sheltersthe shorelineof the Bayandits tributaries, thus helpingto mitigate coastal
flooding and upstreamflooding andredudngthe extent of property at risk or damaged.
Restoredchabitat attenuatesthe effectsof changesn precipitation by reducingthe quantity and
improvingthe quality of runoff to receivingwater bodies.

Habitatrestorationcanincreasethe viability of wetland migration corridors, increasethe amount
protected land, andincreasethe extent of living (rather than hardened shorelines

Notable opportunities, riskand areas for enhancement:

1

T

Theproposedindicatoris alreadymaintainedand publishedby the Chesapeak8ayProgram(CBP)A
suite of climateresiliencyindicatorscouldsimplyincludea link to this existingindicator.
Thisindicatorcouldbe enhancedn the future by addingmore typesof restoredhabitat in additionto
oysterbedsandwetlandson agriculturallands,or by trackingthe extentto whichoysterreefrestoration
meetscertainsuccessnetrics(i.e.,metricsthat look at whetherthe restoredacreagds being
maintainedor sustainedthree yearsandsixyearsafter restoration). Sichenhancementsvould require
further consideratiorbefore layingthem out aspart of animplementationplan.

Stage 1: Indicator and Metric Definition

Status:Indicator and its metric have been defined. |
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Indicator Description

This indicator identifiethe acres of restored oyster reefs, along with acreage remaining to meet restoration
targets, in four tributaries (Harris Creek, Maryland; Tred Avon River, Maryland; Little Choptank River, Maryland;
and Lafayette River, Virginia). Tributamyecific acreagtargets are based on historical oyster habitat and

currently restorable area. The Lynnhaven and Piankatank rivers will be added once targets for restoration in
those tributaries are established.

This indicator also identifies the acres of agricultwatlands restored per year in the Chesapeake Bay
Watershed, compared with a 2010 baseline. Specific restoration targets have been developed in conjunction
with Watershed Implementation Plans to meet TMDL goals.

The oyster and wetland components are eivi®d as two separate metrics, each measured on its own scale,
although a combined mapping tool could be developed in the future.

Additional Needs

No further work needed to define this indicator.

Stage 2: Data Collection

Status:Data collection progm in place. |

Data Source Information

Dataset Acreage of restored habitat

Source description Oysterreefs Project partnerdrack the implementation progress of oyster
restoration in selected tributaries
Wetlands:Dataare submitted by jurisdictionand incorporated irthe
Chesapeake Bay Program Watershed Model Scenario Input Deck
Organization that Oysterreefs Organizations that coordinate restoration projects.
collects the data Wetlands:Individual jurisdictions (states).
Data source contact Oyster reefs Maryland and Virginia Oyster Restoration Interagency Teams
(member organizations listed in tlwg/ster restoration management strategy
Wetlands:Jeff SweeneyCBPOjsweeney@chesapeakebay.net
el ERb el | Data already approved for use the Chesapeake Bay Program
Temporal coverage Oysterreefs 2011 to present (monitoring for somedations started later).
Wetlands:2009 to present
Frequency Datacompiledannually
Spatial coverage Oysterreefs: Six tributaries have been selected so far and are tracked with thi
indicator: Harris Creek, Little Choptank River, and Tred Avon RiM&aryland;
Piankatank, Lafayette, and Lynnhaven rivers in Virginia. The Great Wicomico
lower York Rivers have been preliminarily selected for restoration in Virginia.
Wetlands: Throughout the Chesapeake Bay Watershed
Sl Nilelt| Oysterreefs Data are collected for individual restoration project areas.
Wetlands Data are collectetbr eachjurisdiction
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Access to data Oysterreefs. Theunderlyingdataset of completed acreage of oyster reefs is no
compiled in one place on the web, extdpr the resultsin the finalindicator(see
Stage 5).
Wetlands:http://ches.communitymodeling.org/models/CBPhase5/index.php

A review of other possible data sources did notiify any that would provide wider geographic coverage with
consistent characterization and measurement approaches. However, new developments may come to light in
the future.

Additional Needs

No additional work needed to collect data, assuming the curdaté collection program continues.

Stage 3: Method Development/Selection

Status:Methods have been selected to transform the data into an indicator. |

Method Information

Description Oysterreefs.

9 Acresof constructedand/or seededoysterreefs are measuredby restoration
partnersandreportedto the Chesapeak8ayt NEB 3 Nelstaiabld-isheries
GoalTeameachyear.

9 Projectspecificdataare aggregatedo gettotal acreagerestoredfor each
tributary.

Wetlands:

1 Acresof wetlandsestablishedrehabiltated, or reestablishedn agricultural
landsin the Chesapeak8aywatershedare measured

1 Jurisdictionleveldataare aggregatedo gettotal acreageof wetlands
restoredwatershedwide.

1 Input deckdataare developedusingjurisdictionsubmissiongndthe
Chesapeak8ayProgramScenariduildertool.

Peerreview status Calculations are administrative in nature. Peeview validation of these method
is not required.
Citations N/A

Additional Needs

No additional work needed to define methods.

Stage4: Data Processing

Status:Data have been processed to create an indicator. |
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Data Processing Information

Sipesanaeecssliel Oysterreefs Collect data from restoration partnerdggregate data for each
steps tributary of interest.
Wetlands:Collectdata from jurisdictionsAggregateo get total acreage restored
watershedwide.
Processing tools and Processing tools and skillarcbe determined through discussion with CBPO sté
skills needed
Organization that CBPO.
processes the data
Processingontact Oysterreefs Bruce VogtCBPQbruce.vogt@noaa.gov
Wetlands:Jennifer Greiner, USFW&nnifer _greiner@fws.gav
Aelessisiiololfele=sicl=le ezl Oysterreefs http://www.chesapeakeprogress.com/abundatite/oysters
Wetlands:http://www.chesapeakeprogress.com/abundatite/wetlands

/ACCESS {0 processing  mY:Yei=1 e}

scripts, formulae, etc.

Additional Needs

Aol Nl ==h 5l Process data for future years

Skills or resources Requiredasic Excel dis and relationships with reporting partners and
needed, and what jurisdictions to obtain data and troubleshoot if need&B® staff and partners
individuals or have this capacity.

organizations have this

capacity

AenlEVEllERTnEiEhlEs | This is ongoing work that is already on an annual maintenance schedule
Estimatedup-front cost N3

Estimated annual No additional cost

maintenance cost

Stage 5: Indicator Development

This stage involves turning the processed data into an indicator. If an indicator already exists at a different scale,
this step requires it to belipped or cropped to the Chesapeake watershed or similarly appropriate spatial

A A~ A 9~ 7

SEGSyiGz AT ySSRSR® LG Ffaz2 NBIdANBE O2YLX SGS GSOKyYyA

Status:Indicator developed for the Chesapeake Bay. \

Indicator Informatin

Two separate metrics are available: one that focuses on wetlands and one that focuses on oyster reefs.

" Incremental cost beyond work that is already being performédataprocessingprogram is already in place and fully
funded for the foreseeable future, thfgeld should indicate a cosf aero.
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@l elelptclpisiesEo)olclel| Check all that apply:

X Graph(s)

X Map(s)

X Summary text

X Technical documentation in CBP format
X Downloadable data

hiKSNJ

Organization that CBPO.

publishes the indicator

Indicator contact Oysterreefs. Bruce Vogt, Chesapeake Bay Progriamce.vogt@noaa.gov
Wetlands:Jennifer Greiner, USFW&nnifer _greiner@fws.gav

Temporal coverage Oysterreefs. 2016.
Wetlands:2010;2015. (Data through 2017 to be added soon.)

Frequency Annual.

Spatial coverage Oysterreefs Harris Creek, Tred Avon River, Little Choptank River (Maryland);
Lafayete River (Virginia). (More tributaries to be added as restoration projects
proceed.)

Wetlands:Chesapeake watershed.

Sl Flilelt| Oysterreefs Data for each project site.
Wetlands:Watershedwide total.

Access to indicator Oysterreefs http://www.chesapeakeprogress.com/abundatite/oysters
Wetlands:http://www.chesapeakeprogress.com/abundatite/ wetlands

Additional Needs

AN el dpl==lo s Maintain in the future.

Skills or resources Basic skills in Excel; @B&aff can continue to perform this step
needed, and what

individuals or

organizations have this
capacity

Alepliazhl R gl=l o This is ongoing work that is already on an annual maintenance schedule
Estimated ugfront cost [N[eJa[=R

Estimated annual No additional cost.

maintenance cost

Final reviews or No additional reviews or approvals needed.
approvals needed

Summary of Aains and Anticipated Costs

No incremental costs. Just link to existing indicator.

8 Incremental cost beyond work that is already being performednlindicator has already been developed and a program
is in place to maintain it for the foreseeable fututhisfield should indicate a cost of zero.
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3. Air Temperature

Indicator at a Glance

Stage 1: Indicator defined

Stage 2: Data collection program in place

Stage 3: Methods developed/selected to transform diata an indicator
Stage 4: Data processed

not completed | Stage 5: Indicator developed for the Chesapeake

Indicator value:

1 Thisindicatorhelpsto inform the ClimateResiliencygoaland outcomesby characterizingpatternsand
trendsrelatedto air temperatures,whichrepresentthe foundationalimpactof climatechange.

1 Shiftsin the timing of air temperaturesthat representoptimal conditionsfor survival,growth, and
reproductionof livingresourcescanhavea hostof ecologicaimplications.Phenolmicalevents
throughoutthe year,suchasbloomsandmigrationpatterns,canbecomeoffset from crucial
complementaryevents.Forexample for a givenlatitude and altitude in winter months,warmer
temperaturesinfluencethe timing of onset,occurrenceduration, andextent of freezingtemperatures,
whichcanin turn resultin numerousother effects,suchaschangesn pestsurvivaloverwinter and
longergrowingseasons.

1 Forhumanpopulationsin the Chesapeakeegion,increasedntensityand duration of exreme heat
eventscanthreatenlives.Presentstudiesdemonstrateincreasingannualtemperaturesandlonger
periodsof hot temperatureextremes.Economicallywarmertemperaturesmay decreaseenergycosts
in winter, increaseenergycostsin summer,andaffect weatherdependentlivelihoods,suchasfarming
andfishing.

Relationship to other indicators in the proposed suite:

1 Warmerair temperaturespromote anincreasein both the total amountandintensity of precipitation.

1 Airtemperaturesare the principalfactor controllingbay water temperature and streamwater
temperature. Watertemperatures,in turn, caninfluencefish population distributions andthe intensity
of harmful algalblooms.

1 Airtemperaturesinfluencebird speciesrangesand submergedaquaticvegetationspecies
composition

1 Inareasof humandevelopmentairtemperaturescanbe influencedby changego the urbantree
canopyor land uséeland cover.

Notable opportunities, riskand areas for enhancement:

1 Theproposedindicatorwill havethree metrics, all of which take advantageof existingdatacollection
andcompilationefforts. TheTropicalNightsindexwill be drawndirectly from an existinghybrid analysis
of Chesapeak8ayNationalEstuarineResearciReserv§ CBNERRNd NOAAsites,basedon station
datathat are alreadybeingcollected.Thesedata havealreadybeenaggregatedo generatea composite
Baywide trend. Theother two metrics(meanair temperatureand hot daily highs)will be drawnfrom
nationalindicatorsthat EPAalreadymaintainsand publisheseveryyear,basedon NOAAdata.

1 Thesearrangementghat cangreatlyreducethe costto developthis indicator,but they alsocreatea risk
of dependencyif anyof the parentparties(EPANOAAandthe teamthat developedthe TropicalNights
Index)are not ableto continueto maintaintheir respectiveindicators.
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Stage 1: Indicator and Metric Definition

Status:Indicator and its metrics have been defined.

Indicator Description

The proposedndicatorwill present information about hiotemperature extremes andnnual mean air
temperatures. By including two aspects of air temperature (extremes and means), this indicator recognizes the
multiple ways in which changes in frequency distributions for air temperature can affect humans and
ecosystems. Three metrics are proposed:

1 Ad ¢ N2 NBhBL yf R tBdf dombinesdatafrom longterm NOAAweatherstationswith recent
measurementsrom CBNERRBtes.Together theserecordsform the basisfor aregionwide indexthat
representghe total number of dayseachyearwhenthe dailylow temperaturedoesnot go below 68°F.

9 Stationleveltrendsin the numberof daysper yearwith unusuallywarm daily hightemperatures(i.e.,
95" percentileof daily highoverthe period of record). Thesetrendswill be presentedon a mapof the
Chesapeak8ayregionwith eacha (i I (i syrabgli@giesentingthe changein the numberof daysover
the entire period of record.

1 Amap showing the longerm rate of change imnnualmeanair temperatures with individualstation
datarolled up by climatedivision.Eachstate hasup to 10 climatedivisionsasdefinedby NOAA.

All three metrics described here could operate reasonably independently; in other words, they could all
potentially trend in different directions. As tt@imate warms overall, though, one would expect to see all three
metrics increase. The reinforcing effect of seeing similar trends across metrics provides a more compelling
message about changes to the temperature regime in the Chesapeake Bay.

AdditionalNeeds

No further work is needed to define this indicator.

Stage 2: Data Collection

Status:Data collection program in place. \

Data Source Information

Metric #1: Hot daily lows
Dataset Tropical nights index.

Source description Multi-year average athe total number of days each year when temperatures d
not go below 68F.
Organization that NOAA and Chesapeake Bay National Estuarine Research Reserve (CBNERF

collects the data

Data source contact [ 2yadz & GKS &/ KFEy3aay3a [/ KSal LISF{Sé
(http://Iwww.chesapeakedata.com/changingchesapeake/
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Rationale for selection

Temporal coerage

Frequency

Spatial coverage
Spatial scale/resolution
Access to data

Metric #2: Hot daily highs
Dataset
Source description

Organization that
collects the data
Data source contact

Rationale for selection

Temporal coverage
Frequency

Spatial coverage
Spatial scale/resolution
Access to data

Dataset
Source description

Organization that
collects the data

Data source contact
Rationale for selection

Temporal coverage
Frequency

Spatial coverage
Spatial scale/resolution
Access to data

Provides a longerm dataset that is blended with ongoing CBNERR scientific

efforts. The emphasis on nighttime tempeti dzZNS & 0 A ®S X d K 2
findings in the literature that from a human perspective, the most physiologicé
dangerous aspect of an extreme heat event is often warm nighttime temperat]
that prevent the body from cooling off.

191Q;present.

Hourly data rolled up into daily lows.

Chesapeake Bay region.

Individual stations.

b h ! 'USHCNilata: https://www.ncdc.noaa.gov/cdaveb/.
9 NERRlata: http://cdmo.baruch.sc.edu/get/export.cfm

Hot daily highs.

Change in number of days per year hotterntthe 95" percentile over the entire
period of record. This means the'9percentile is recalculated each year as
additional data are added to the set.

NOAA.

Deke Arndt, NOAA National Centers Emvironmental Information (NCEI),
derek.arndt@noaa.gav

Longterm, authoritative source with a dense station network. The emphasis 0
the hottest temperatures of the year recognizes tleatremely hot temperatures
pose stresses to the human body, other species, and infrastructure (for exam
the electric power grid). This mdgased approach provides a spatial compleme
to the time-series graph that is proposed for the Tropical Nightiexa

1948;present for the most complete set of stations.

Hourly data rolled up into daily highs.

Nationwide.

Individual stations.

ftp://ftp.ncdc.noaa.gov/pub/data/ghcn/daily/hcn/

Metric #3: Mean air temperature

Mean air temperatures.

Air temperature trends from individual weather stations are spatially averaged
into NOAAclimate divisions. NOAA provides these climate division averages.

NOAA.

Deke Arndt, NOAA NCHeérek.arndt@noaa.gov

Longterm, authoritative source with a dense station network. Changes in annt
mean temperature provide a sense of the overall degree of warming in the
environment and offer a basis for comparison with national and global trends.

1901¢cpresent for he most complete set of stations.

Hourly data rolled up into daily, monthly, and annual means.

Nationwide.

Individual stations.

https://www?7.ncdc.noaa.gov/CDO/CDODivisionalSelect.jsp
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2 KAfTS 2GKSNJ 2NHIFYyAT I GA2ya O 2-feim@laasetsireprdeni tBevauidhitatiie dzNB R
source for reliable, qualitgontrolled climatological information fromlarge set of weather stations, all

collecting data following consistent quality assured data collection, management, and analysis protocols. The

/ .b9ww aidlFdAz2ya 2FFSNI I dzaS¥Fdz &dzLJLX SYSyid FT2N) GKS 4

Additional Needs

No additonal workis needed to collect data, assuming current data collection programs continue.

Stage 3: Method Development/Selection

Status:Methods have been selected to transform the data into an indicator. |

Method Information

Metric #1: Hot daily lows
Description 1 Foreachstation, calculatetotal numberof dayseachyearwhentemperatures
do not gobelow 68°F .Separateout stationsgeographicallyif desired.
1 Aggregatespatially.(Note:the exactmethod of spatialaggregatiorcanbe
determinedthrough corsultationwiththe & / K I yf KASyAT Lpdojedt S €

team.)
9 Calculate21-yearmovingaverage(optional).
Peerreview status NOAA data have been used in many peafiewed publications. Status of peer
review for the hybrid temperature calculations is unknown.
Citations Numerous citations about the NOAA component of the dataset are available

https://www.ncdc.noaa.gov/ushcn/references

Metric#2: Hot daily highs
Description { Foreverystation,determine the 95" percentiletemperaturethresholdof
daily maximumtemperatureoverthe entire period of record. Thismeansthe
95" percentileis recalculatedeachyearasadditionaldataare addedto the
set.
1 Foreveryyearat everystation, calculatethe numberof daysthat exceeded
the threshold.
9 Uselinearregressiorto calculatea trend overtime for eachstation.
Peerreview status PeetNEOASHSR a LI NI 2F GKS RS@Sft 2 LY
(https://www.epa.gov/climateindicators/climatechangeindicatorshigh-and-
low-temperatureg. Peer review confirmed scientific integrity and conformance
9t ! Qa RIFGF ljdzt £ Ade cedshgindethdds abNQAK,R S NJ
including debiasing, have also been pemviewed.
Citations Citations for raw datahttps://www.ncdc.noaa.gov/ghciaily-references

Metric #3: Mean air temperatue
Description 1 Usehourlydatato calculatemonthly andthen annualmeansfor eachstation.
1 Useb h ! InQi&gDivtopographicallysensitivespatialweightingapproachto
developa 5-km grid, then averagethe resultsby climatedivision.Foreach
division,subsequentlycalculatea lineartrend basedon the annualspatial
means.
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Peerreview status PeetrNEOASHSR &4 LI NG 2F GKS RS@St 2 LY
(https://www.epa.gov/climateindicators/climatechangeindicatorsus-and
globattemperature). Peer review confirmed scientific integrity and conformanc
G2 9t! Qa RFOGF ljdzr t Ade ONROGSNRI® |y
including debiasirg and spatial aggregation, have also been pegrewed.
Citations Numerous citations about this dataset are available at:
https://www.ncdc.noaa.gov/monitoringeferences/maps/uslimate-
divisions.php

Additional Needs

No additional need to define methods.

Stage 4: Data Processing

Status:Data have been processed to create an indicator. |

Data Processing Information

Metric #1: Hot daily lows
Summary of procgsing
steps

Downloadstationdatafrom the NOAAand CBNERBatabases.

Runa routine that calculateghe total numberof daysper yearat eachstation
in whichtemperaturesdo not go below 68°F Aggregatehe dataspatially.

i Calculate21-yearmovingaverage (optional)to smooththe line graph,if

)l
1

desired.
Processing tools and A script or other automated calculation process is most likely used to aggrege
skills needed and average temperature data. Simple Excel skills would be needed to calcul
movingaverage, if desired.
Organization that A team consisting of the University of Maryland Center for Environmental Scig
processes the data the CBNERR sites, and Chesapeake Environmental Communications (CEC)

processed the data for the original indicator.

Processing contact [ 2yadzZ & GKS &/ KFy3aay3a [ KSal LISF{Sé
(http://www.chesapeakedata.com/changingchesapeake/
Aeecsishiolalfele=siscle ko2l Graphs of the processed data, without dowadiable values available here:
http://www.chesapeakedata.com/changingchesapeake/
ANeeeit oo foleeesel o / 2y AadzZ G GKS &/ KFy3IAy3a [/ KSAlFLISE]Sé
Sloglessi et RSl (hitp://www.chesapeakedata.com/changingchesapeake/

Metric #2: Hot daily highs
Summary of processing
steps

NOAAguality-controlsits weatherstation data.

Downloaddaily temperaturedata (indudingdailymaxima)fromb h ! I Qa
website.

1 RunanRscriptthat EPAmaintains.

1 Organizeresultsin ExcelmapusingArcGIS.

Processing tools and Data are collected in Excel format and processed using R. Basic familiarity is
skills needed needed in ExceArcGIS, and any application that can run an R script.
Organization that Underlying data processing: NOAA. Processing for nationwide indicator: EPA
processes the data
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Processing contact MichaelKolian, EPAcolian.michael@epa.gov

Neecsitoofoeeeszoioct t NP OSAaSR REGE F2NIYyFGA2YyEE AYRAOL
https://www.epa.gov/climateindicators/climatechangeindicatorshighrand-low-
temperatures

Access to processing Michael Kolian, EPRglian.michael@epa.gov

scripts, formulae, etc.

Metric #3: Mean air temperature
Slnlelsaiaecshie] 1 NOAAperformstemporaland spatialaggregatiorby climatedivision.
9 Downloaddivisionleveldatafrom NOAA.
91 Applyalinearregressiorto calculatethe trend overthe period of recordfor
eachclimatedivision.
1 Mapthe results.
Processing tools and Processing can be performed with basic skills in Excel and ArcGIS.
skills needed
Organization that Underlying data processing: NOAA. Processing for nationwide indicator: EPA
processes the data
Processing contact Michael Kolian, EPAglian.michael@epa.gov
Aeessishiellfele=isisclefe 2l Processed data displayed with all climate divisions nationwide are available g
9t ! Qa ¢ ipsi/MivBepd.gdviclimateindicators/climatechange
indicatorsus-and-globattemperature
Access to processing Excel and GIS calculations from Michael Kolian, lEfiAn.michael@epa.gov
scripts, formulae, etc.

Additional Needs

Metric #1: Hot daily lows

AN el dpe=lesls Continue to process data in future years, either through follmowfunding to the
G/ KFEyaiay3a / KSal LISF]1S¢ LINB2SO0 i-Bousy
at the CBPO

Skills or resources ¢t2 06S RSUSNN¥YAYSRI RSLISYyRAYy3 2y (KS

needed, and what /| KSal LISF1S¢ LINRP2SOG (SFHY SYLX 28SRo

individuals or

organizations have this

capacity

Achievable timeframe RaUUIELR

Estimated upfront cost  J\[slgl}

Estimated annual ¢. 5T (2 06S RA&AOdzAaSR gAGK GKS a/ KF

maintenance cost

Metrics #2 and #3 also require data processing for future years, but this is ongoing work that is already on a
regular maintenance schedule @alinated by NOAA and EPA. Future work could include more advanced
statistical analysis for example, determining whether the line of best fit is linear or a higireler regression.

9 Incremental cost beyond wérthat is already being performed.d data processingrogram is already in place and fully
funded for the foreseeable future, thfgeld should indicate a cost of zero.
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Stage 5: Indicator Development

This stage involves turning the processiada into an indicator. If an indicator already exists at a different scale,
this step requires it to be clipped or cropped to the Chesapeake watershed or similarly appropriate spatial
extent, if needed. It also requires complete technical documentagon it KS / .t Qa adl yRFNR ¥z

Status:Regional indicator developed for hot daily lows but not documented as
official CBP indicator; national indicator developed for the other two metrics b
not yet optimized for the Chesapeake.

Indicator Information

Metric #1: Hot daily lows
@hlllecpiielsEleelsel Check all that apply:
X Graph(s)
al LJbavo
{dzYYI NB GSEG
¢ SOKYAOFt R20dzYSyidlidAaz2y Ay [ .t F
52¢gyf2FRI0ftS RIGE
hdKSNY Quuuuuueuwwwwwweewwyyyyyy
Organization that A team onsisting of the University of Maryland Center for Environmental Scie
alblellslesngciiellezitole | the CBNERR sites, and Chesapeake Environmental Communications (CEC).
Indicator contact [ 2yadzZ G GKS &/ KFEy3aiay3a [ KSal LISF | S¢
(http://www.chesapeakedata.com/changingchesapeake/
Temporal coverage 1910;2014.
Frequency Annual.
Spatial coverage Chesapeake region.
Sl e Sl | Entire region, ortwosublB I3 A2y a O0ay2NIKE YR @aa&?z2
Access to indiator http://www.chesapeakedata.com/changingchesapeake/

Metric #2: Hot daily highs
@hllaleiEpisiesEleelclel Check all that apply:
DNJ LIK6 abo
al LIbabo
{ dzYYlI NBE GSE
¢ S O K guindhtation ilRGBP format
52¢gyf2FRI0tS RIGE
X Other: map, summary text, EHérmat technical documentation, and
downloadable data available for national indicator
Organization that EPA.

publishes the indicator

Indicator contact Michael Kolian, EPAglian.michael@epa.gov

Temporal coverage 1948;2015.

Frequency Trend calculated for entire period, but based on annual data.

Spatial coverage Nationwide.

Spatial'scale/resolution” glale\%le [FEIRS =lle]a 8

Accessda indicator https://www.epa.gov/climateindicators/climatechangeindicatorshigh-and-low-

temperatures
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Metric #3: Mean air temperature
@l elelptclpiss SV orolsle | Check all that apply:
DNJ LIK6 av
al LJbavo
{ dzYYl NE GSE
¢ SOKYAOFt R20dzYSyidlidAaz2y Ay [ .t F
52¢gyt2FRFE6tS RIFGLF
X Other: map, summary text, ERdrmat technical documentation, and
downloadable data available for national indicator
Organizaibn that EPA.
publishes the indicator
Indicator contact Michael Kolian, EPRglian.michael@epa.gov
Temporal coverage 1901¢2015.
Frequency Trend calculated for entire period, but based on annual data.
Spatal coverage Nationwide.
Szl eVl | NOAA climate division (up to 10 per state).
Access to indicator https://www.epa.gov/climateindicaors/climate-changeindicatorsus-and-globat

temperature

Additional Needs

Metric #1: Hot daily lows
Al dalsziel=s i Create CBformat technical documentation. Maintain in the future.

Skills or resources Knowledge of the indicator to fill out documentation. CBPO staff could comple

needed, and what this step in the future, but members of the team that developed the Tropical

individuals or Nights Index likely have the best knowledge to populate the informatiahe

organiations have this ™ mlgli IR

capacity

AelEVEllERTnEEhiEs | Development within 1 year; annual updates

SSiilgEich b jelieesic o ~$1,50G rough estimate of labor cost to populate technical documentation

Estimated annual ~8 hours of staff time cost of updaing documentation and other components

maintenance cosf based on the processing in Stage 4

Final reviews or Agreement with Chesapeake Environmental Communications (CEC) to provig

approvals needed processing steps, methodology, and data.

Metric #2: Hot daily highs
AlelilenElN el dgl=izie <o i Crop EPA indicator to the stations within the Chesapeake watershed. Create

format technical documentation. Maintain in the future.

Skills or resources Knowledge oftie indicator to fill out documentation. CBPO staff could complet
needed, and what GKA&a adGSLE tftidK2dAK 9t ! Qa Of AYIF (S
individuals or complete this step most efficiently for the initial year.

organizations have this

capacity

AelEVElERTEEEs | Development within 1 year; analiupdates.

0 ncremental cost beyond work that is already being performednlindicator haslready been developed and a program
is in place to maintain it for the foreseeable fututhisfield should indicate a cost of zero.
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=Sl sienieesi | ~$1,50a f F 02NJ O2ad F2NJ ONRBLILJA Y3 9t ! Qa
documentation.

Estimated annual ~8hours of stafftime 02 & 2F SEOSNLIiAYy3 REFEGI 7
maintenance cost continues to conduct annual updates.

Final reviews or Agreement with EPA to share indicator data and processing script.
approvals needed

Metric #3: Mean air temperature

Ao el ==l lsle Crop EPA indicator to the 33 climate divisions that overlap tles&fieake
watershed. Create CBBrmat technical documentation. Maintain in the future.

Skills or resources Knowledge of the indicator to fill out documentation. CBPO staff could comple

needed, and what thia adSLE |fGK2dAK 9t! Qa OfAYIFGS Ay

individuals or complete this step most efficiently for the initial year.

organizations have this

capacity

AoVl ERTnEiEhlEs | Development within 1 year; annual updates.

=l s ielnee e | ~$1,50G labor cost for croppingtE! Qa A Y RAOF G2NJ | YR LI
documentation

Estimated annual ~8 hours of stafftime 02 &G 2F SEOSNLJiAy3 RIGI 7

maintenance cost continues to conduct annual updates

Final reviews or Agreement with EPA to share indicator data.

approvals needed

Summary of Actions and Anticipated Costs

Who has capacity Required or

Action Stage Cost Timeframe to do optional?2
Prepare CBP indicator
documentation for
Tropical Nights Index:
initial year

Input from team
5 $1,500 Within 1 year | that developed the| Required
original index

Crop EPA maps and
prepare CBP indicator
documentation for the
other two indicator 5 $3,000 Within 1 year | EPA team Required
components (hot daily
highs and mean air
temperature): initial year

1 Incremental cost beyond work that is already being performednlindicator has already been developed and a program
is in place to maintain it for the foreseeable futytlisfield should indicate a cost of zero.

2|Incremental cost beyond work that is already being perform&dnlindicator has already been developed and a program
is in place to maintain it for the feseeable futurethisfield should indicate a cost of zero.

13 An action is required if it is pivotal to developing or maintaining an indicator. Some actions may be considered optional if
they represent more of an enhancement or expansion to an indicator.
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Who has capacity Required or

Timeframe to do optional 3

Contnue to process data

for Tropical Nights Index i 4 TBDyr Annual TBD Required

future years

Update all three parts of

tpe indicator, including 24 staff

ONRLIWA YA 9t !5 Annual CBPO staff Required
hours/yr

maps for two components

in future years
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4. Coastal Flooding

Indicator at a Glance

Stage 1: Indicator defined

Stage 2: Data collection program in place

Stage 3: Methds developed/selected to transform data into an indicat
Stage 4: Data processed

not completed | Stage 5: Indicator developed for the Chesapeake

Indicator value:

1 Thisindicatorhelpsto addresghe ClimateResiliencygoalandoutcomes assealevelriserelatedto
climatechangeis akeydriver of the increasingrequencyof coastalflooding.

1 Recurrentcoastalfloodingcancauseimpactssuchasfrequentroad closuresyeducedstormwater
drainagecapacity and deteriorationof infrastructurenot designedto withstandfrequentinundationor
exposureto saltwater. Theseimpactsare of particularconcernbecausemore than 8.6 million
Americandive in areassusceptiblego coastalflooding,and morethan $1trillion of property and
structuresis within a few feet of current sealevel* Coastafloodingcanalsoaffecthumanhealtht for
example by increasinghe riskthat drinkingwater and wastewaterinfrastructurewill fail, putting
peopleat riskof beingexposedo pathogensand harmful chemicals.

Rdationship to other indicators in the proposed suite:
1 Changen sealevelisakeydriver of this indicator.
1 Wetland extent and physicalbuffering capacitycanhelpto attenuatecoastalflooding.
1 Trendsin coastalfloodinginfluencethe extentof property at risk or damaged

Notable opportunities, riskand areas for enhancement:

1 Theproposedindicatorwill be excerptedfrom a nationwideindicatorthat EPAalreadymaintainsand
publishesbasedon an analysighat NOAAalreadycompilesfor EPAeveryyear. Thisarrangement
greatlyreducesthe costto developanindicatorfor the Chesapeakeyut it alsocreatesa dependency
that couldexposethe Chesapeak8ayProgram(CBPJo riskif changesn EPAor NOAApriorities
precludetheseagenciesrom maintainingthe nationalindicatorin the future.

1 Anopportunity isavailableto updatethis analysigo alignwith a2018NOAApublicationthat usedflood
thresholdsderivedfrom historicaltide rangeswhichcouldallow a few more locationsto be added.This
option shouldbe exploredin conjunctionwith EPA.

Stage 1: Indicator and Metric Definition

Status:Indicator and its metric have been defined. |

Indicator Description

This indicator will identify the number dfys per year in whictidal waters rose abovene local threshold for
minor2 NJ & y dfoédingatOdiglocationgAnnapolis, Baltimore, Norfolk, and Washington) where water
levels have been measured by tide gauges and where locally relevant flood thresholds have been established

14 https://www.epa.gov/climateindicators/climatechangeindicatorscoastalflooding
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This approach captes all floods, including moderate or major events. The number of flood days per year will be
averaged decadally and compared from 1950 to present.

Additional Needs

No further work needed to define this indicator.

Stage 2: Data Collection

Status:Data collection program in place. \

Data Source Information

Dataset Realtime water levels.

Source description Water levels monitored continuously by automated tide gauge stations.

Organization that NOAA.

collects the data

Data source contact William Swet, NOAAwilliam sweet@noaa.gov

el b E Wil Widely cited (in the assessment literature, etc.) as the authoritative source of
coastal flooding data. Data collected consistently for more théalfcentury.

Temporal coverage At least 1950 (varies by station) to present.

Frequency Data reported every six minutes.

Spatial coverage 210 tide gauges nationwide; 75 in locations with corresponding flood threshol
27 of these stations have sufient data from 1950 to present; four of these
locations are in the Chesapeake or its tidal tributaries (Annapolis, Baltimore,
Norfolk, Washington). If the analysis is updated to use derived flood threshold
(see Stage 3), at least three more letiegm tide gauges in the Chesapeake regic
can be added.

SoeulseelDERelFlilelgt| Data for individual stations.
Access to data https://tidesandcurrents.noaa.gov/stations.html?type=\éat+Levels

Data may be available from other individual locations, but the source proposed here provides the most
consistent longerm records. This program emphasizes the societal impact of coastal flooding by focusing on
four key population centers ahg the Chesapeake and its tidal tributaries.

Additional Needs

No additional work needed to collect data, assuming the current data collection program continues.

Stage 3: Method Development/Selection

Status:Methods have been selected to transforimetdata into an indicator. |
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Method Information

ploSedlinl|  Calculak eachR | @n@dmumwater levelbasedon hourly water level data

1 Gompare thesedailymaximawith establishedhresholdlevelsfor minor floodingat eachtide
gauge Floodimpactlevelshave beenestablishedocallyby NationalWeatherServicd NWS)
weatherforecastingofficesbasedon manyyearsof impactmonitoring. However NOAA
(2018)releasedan updatedversionof this analysisusingflood thresholdsthat are
statisticallyderivedfrom tidal ranges.Thisapproacharguablyadvanceghe sciencewhile
offeringthe potentialto expandthe analysido additionaltide gaugeghat did not already
haveNWSflood thresholds.

et PeeeNB A S SR A LI NI 2 Findicdos suike PBes fe@edvosfyhied 2

status AOASYGATAO AyGSaNrRiGe IyR O2yF2N¥IFyOS (2

Citations NOAA(National Oceanic and Atmospheric Administrati@)14. Sea level rise and nuisance

flood frequency changes around the United StatdOAA Technical Report NOSCRES 073.

https://tidesandcurrents.noaa.gov/publications/NOAA_Technical Report NOS COOPS .0]

Sweet, W.V., and J.Jakta. 20152014 state of nuisance tidal flooding.
WWW.noaanews.noaa.gov/stories2015/2014%20State%200f%20Nuisance%20Tidal%20FId
df.

NOAA. 208. Patterns and projections of high tide flooding along the U.S. coastline using a
common impact threshold. NOAA Technical Report NOCORE®086, NOAA National Ocean
Service Center for Operational Oceanographic Products and Services.
https://tidesandcurrents.noaa.gov/publications/techrpt86_PaP_of HTFlooding.pdf

Additional Needs

No additional work needed to define methods. However, some reviewers of earlpneisi this

implementation plan have suggested enhancements that would extend beyond the current methods.
Enhancements could include incorporating additional locations, analyzing trends in annual data or shorter
averaging periods (e.g., every 3 to 5 years)ead of decadal averages, and looking separately at trends in

events that exceed higher flood thresholds (e.g., moderate or major). If EPA chooses to switch its indicator to
the new NOAA (2018) approach with derived flood thresholds, the Chesapeata@tanadan easily follow suit.

Doing so would allow the addition of three stations with leélegn tide gauge records (see the proposed Sea

Level indicator): Cambridge, MD; Solomons Island, MD; and Kiptopeke, VA. If the timeframe is relaxed to allow
stations that started collecting data more recently, more stations can be added.

Stage 4: Data Processing

Status:Data have been processed to create an indicator. \

Data Processing Information

Sl iaraeessshiel 52 gy £ 21 R ORI G F NR2u¥ a $cttipt of roudine B lcalclilaieldaily
steps max values, compare with local flood thresholds, and count the number of da
per year with exceedances. Calculate decadal averages.

Processing tools and Processing can be performed with a scripo(Rython, possibly? NOAA current!
skills needed performs this step) and final calculations in Excel.
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Organization that Processing script: NOAA. Excel calculations: EPA.
processes the data

Processing contact William Sweet, NOAAyilliam.sweet@noaa.gov
Michael Kolian, EPRglian.michael@epa.gov

ANelolenionoooecicienioki t N2 OSaaSR RIEGE LINPGARSR G2 9t! o8
https://www.epa.gov/climateindicators/climatechangeindicatorscoastat
flooding

Access to processing Processing script from William Sweet, NOAA. Excel catmgdtiom Michael
scripts, formulae, etc. Kolian, EPA.

Additional Needs

Aol el dpl=l=le sl Process data for future years.
Skills or resources 1 Requiresability to usea processingscript(NOAAwvould know the format) and
needed, and what ability to perform basiccalculationsn ExcelNOAAand EPAteamscan
individuals or performthesesteps.
cleEhlkEleSEVER I Thislongterm analysisalsorequiresaccesgo the backendofb h'! | Qa
capacity databaseo obtainthe dataefficiently,asthe publicinterfacelimits each
query to 31 daysof dataat atime. NOAAhasthis capability.
Aepliazte)ERillEieglsl . Shortterm (can be achieved within 1 to 2 years). This is ongoing work that is
already on an annual maintenance schedule as agreed between NOAA and
Estimated ugfront cost  \[e]a[=H
Estimated annual No additional cost, assuming NOAA and EPA continue to maintain their indic
maintenance cost

Stage 5: Indicator Development

This stage involves turning the processed data into an indicator. If an indicator alreadweaisifferent scale,
this step requires it to be clipped or cropped to the Chesapeake watershed or similarly appropriate spatial

A A~ A 9~ z

SEGSYyids AT ySSRSR® L Ftaz2 NBldANBa O02YLI SGS GSOKYA

\ | Status:National indicato developed, but not yet optimized for the Chesapeake)

Indicator Information

@hllsleEpisielsleelssl Check all that apply:
DNJ LIK6 au
al LJbav
{ dzYYlI NBE GSE
¢ SOKYAOFf R2O0dzyYSyidlGAaz2y Ay [ .t F
52¢gyft2FRIo6ftS RIGL
X Other: graphs, maps, summary text,ABrmat technical documentation, and
downloadable data available for national indicator
Organization that EPA
publishes the indicator

%5 Incremental cost beyond work that is already being performédataprocessingorogram is already in place and fully
funded for the foreseeable future, thfgeld should indicate a cost of zero.
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Indicator contact Michael Kolian, EPRglian.michael@epa.gov

Temporalcoverage 1950;2015.

Frequency Decadal averages (based on annual totals).

Spatial coverage 27 locations nationwide.

Soeukl el ER o Filelt| Data for individual stations.

Access to indicator https://www.epa.gov/climateindicators/climatechangeindicatorscoastai
flooding

Additional Needs

Aol ezl s Crop EPA indicator to the four Chesapeadgion stations. Create CB&Ymat
technical docurantation. Maintain in the future.

Skills or resources Basic skills in Excel and ArcGIS; CBPO staff or contractors could perform thig
needed, and what Knowledge of indicator to fill out documentationBEO staff could complete this
individuals or A0S FfdK2dzaAK 9t! Qa OfAYI{iS AYRAO
ofelplk2z 1o h VNI complete this step most efficiently for the initial year.

capacity

AelEVEllERTnEiehlEs | Shortterm (can be achieved within 1 to 2 years).

=Skl sieniees | ~$150a f F 62N 02480 F2NJ O2y (i NF OG 2 NJ & dzLJL]
the technical documentation.
Estimated annual 10staffhours | yydzZl £t AT SR O2a&aid 2F SEOSNLIIAY
maintenance cost years, assuming EPA contisue update its indicator.
Final reviews or Agreement with EPA and NOAA to share data.
approvals needed

Summary of Actions and Anticipated Costs

Who has capacity Required or

Action Timeframe to do optional?'’
/ NP LI 9t! Qa 9
national indcator for the 5 ~$1,500 Shortterm EPA team Required

Chesapeake: initial year
/I N2 L) 9t ! Qa 9§

national indicator for the |5 10 hourslyr Shortterm CBPO staff Required
Chesapeake: future years

Total one-time cost ~$1,500

Total annual cost 10 houslyr

18 Incremental cost beyond work that is already being perform&dnlindicator has already been developed and a program
is in plae to maintain it for the foreseeable futuréhisfield should indicate a cost of zero.

17 An action is required if it is pivotal to developing or maintaining an indicator. Some actions may be considered optional if
they represent more of an enhancementexpansion to an indicator. In some cases, optional actions could include steps to
transform a relatively weak or oadimensional indicator that is available in the sht@tm into a more robust indicator in

the longer term.
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5. Precipitation

Indicator at a Glance

Stage 1: Indicator defined

Stage 2: Data collection program in place

Stage 3: Methods developed/selected to transform data into an indicg
Stage 4: Data processed

not completed | Stage 5:rdicator developed for the Chesapeake

Indicator value:

9 Thisindicatoraddresseshe ClimateResiliencygoaland outcomesby trackinga keyaspectof the
Chesapeak&lB 3 AcBayigingclimate conditions.Theability to handleincreasinglyntenseheavy
precipitation eventsis a major aspectof resiliency.

1 Throughits downstreameffects,changedo precipitationcouldalsoinfluencethe Healthy Watersheds
andWater Quality goalsand outcomes.

1 Bothtotal annualprecipitationandthe incidenceof extremeprecpitation eventshavea significant
influenceon humanand natural systemsPrecipitationinfluencesstreamflow,water levels,turbidity,
andother water quality parameters Heavyprecipitationeventscancauseerosionandflooding.
Changesipstreamcanlead to water quality impactsin the estuary.

1 Precipitationis akeyfactorin assessinghe capacityfor humansystemso adaptto a changingclimate.
Decisioamakersincorporateprecipitationprojectionsinto planningand permitting for infrastructure,
includingstormwatermanagemensystems.

Relationship to other indicators in the proposed suite:

1 Changedn globaldynamicgelatingto air temperature are akeydriver of precipitationpatterns.

1 Theeffectsof changesn precipitationare widespread.Theseincludecoastalflooding (e.g.,surge
associatedvith intensestorms) and upstreamfloodingt whichin turn influencethe amountof
property at risk or damaged Increasechutrient runoff associatedvith precipitationcanalsocontribute
to harmful algalblooms.

1 Landuse/land covermanagemenifor example permeablevs.impervioussurfacesmnd BMPs/green
infrastructure are examplesof actionsthat societycantaketo becomemore resilientin the faceof
increasedprecipitation,particularlyincreasecheavyprecipitationevents.

Notable opportunities, riskand areas for enhancement:

1 Metric #1 of this proposedindicatorwill be excerptedfrom a nationwideindicatorthat EPAalready
maintainsand publishespasedon regularlyupdateddatafrom NOAAThisarrangementgreatlyreduces
the costto developanindicatorfor the Chesapeakeyut it alsocreatesa dependencythat couldexpose
the Chesapeak8ayProgram(CBPjo riskif changesn EPAor NOAApriorities precludetheseagencies
from maintainingthe nationd indicatorin the future.

1 Metric #2 of this proposedindicatoris similarlyexcerptedfrom a nationwideindicatorthat EPA
maintainsand publishesput those dataare at a spatialscalethat istoo broadfor immediateuseasa
Chesapeakedicator.b h ! IN&idnalCenterdor Environmentalnformation (NCElhasindicatedthat
an effort isunderwayto downscalethis analysigo individualclimatedivisionswhichare subdivision®f
eachstate. Thisimplementationplan proposeso delaydevelopmentof Metric #2 until this more
downscaleddataproductbecomesavailable.
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Stage 1: Indicator and Metric Definition

Status:Indicator and its metric have been defined.

Indicator Description

This indicator will consist of two metrics, which present complemerdapects to precipitation in the
Chesapeake Bay region:

1 Thefirst metric will be displayedasa mapof percentchangein annualprecipitationfor the 33 NOAA
climatedivisionsthat intersectwith the Chesapeakevatershed.Theperiodof recordis from 1895to
2015.Figurel belowshowsthe climatedivisionsthat are fully (red)or partially (orange)within the
Chesapeakwatershed.

Figure 1. NOAA Climate Divisions in the Chesapeake Watershed
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1 Thesecondmetric will portray trendsin the proportion of land receivinga muchhigherthan normal
percentageof its annualprecipitationbudgetin the form of extremeone-dayevents.Thisanalysids
partofb h ! lofficdal ClimateExtremedndex(CEl)Thedataare presentlyaggregatednto large,
multi-state regionsthat are not idealfor characterizinghe Chesapeakeatershed whichstraddles
three regions(seeFigure2 below). However NOAANCEhasraisedthe prospectof downscalinghe CEI
to aclimatedivisionlevelin the nextfew years.Downscaledlatawill allowthis indicatorto present
either alongterm trend mapor atime-seriesgraphfor the Chesapeakeegion.
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Figure 2. NOAA Climate Regions
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Additional Needs

No furtherwork is needed to define this indicator.

Stage 2: Data Collection

Status:Data collection program in place. \

Data Source Information

Both of the proposed metrics are based on the same NOAA data collection program.

Dataset Daily precipitation records.

Source description Daily precipitation totals from thousands of weather stei$ nationwide, all
following standard National Weather Service data collection protocols.
Organization that NOAA.

collects the data

Data source contact Deke Arndt, NOAA NCHerek.arndt@noaa.gov

sEWlpEl ElogsEEilog | Authoritative source with relatively high spatial resolution; offers the longest ti
series for such a large geographic area; used in numerousrpeiewed analyses
Temporal coverage 189%present.

Frequency Daily.

Spatial coverage Nationwide.

St lDEsePilelt| Individual weather stations, but analyses are rolled up into larger regions.
Access to data https://www.ncdc.noaa.gov/cagandwww.ncdc.noaa.gov/extremes/cei

A key goal of this effort is to propose an indicator that can be constructed and kept up to date with limited
resources, which means it is useful to minimize the number of discrete data sdbateseed to be tracked and
O02Y0AYSRO® -termlddtaeis représgriithe authoritative source for reliable, quatitptrolled
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climatological information from a large set of weather stations, all collecting data following consistent protocols.
A fewother data sources have been suggested, but they have not been selected for this implementation plan for
the following reasons:

1 Precipitationdatafrom CBNERRtations. Dailyprecipitationrecordsare availablefrom sevensites
aroundthe Bay,datingbackto the 1970s(dependingon the site). Whiletheserecordshavebeenused
in ahybridanalysigublishedaspartofthe & / K I yf KASya3 Lpject S ¢
(http://www.chesapeakedata.com/changingebapeake), the bulk of the spatialandtemporalcoverage
in that hybrid analysiscomesfrom the NOAAongterm weatherstationsdescribedabove.A planfor
routine future updatesto the hybrid analysigs not readilyavailable whereasthe NOAAlongterm sites
aloneare usedin anindicatorthat EPAmaintainswith annualdata updates.Thusthe NOAAwveather
stations(asdescribedn the table above)representarguablythe mostfeasibleand completedata
sourceforad t A @hdioataréf watershedwide precipitationtrends.

1 PRISMorecipitation data. ThePRISMyroupat OregonStateUniversityhasspatiallyaggregated
temperatureand precipitationdatafor useat variousscalesjncludingwatershedsTheiraggregations
haveprovento be usefulfor manystudies.However theseproductsare fundamentallybasedon the
sameunderlyingdatasourcedescribedn the tableaboved b h ! dutfioditative set of weather
stations),andb h ! InQitDivspatialaggregationsre more readilyavailableto supportongoing
maintenanceof a Chesapeak@dicatort especiallyconsideringhat EPAalreadyusesthesedatain an
indicatoron whichthe Chesapeak@dicatorcanbe based.

f Streamflowdata. Numerousstudieshaveexaminedchangesn the Chesapeak&lB 3 Ahgdyblagyby
focudng on streamflow,asmeasuredby the longstandinghetwork of streamgaugegnaintainedby
USG%ndother agenciesuchasthe U.S Army Corpsof EngineersForexample seeRiceet al. (2016)*8
EPAmaintainsanindicatorthat examinesseveralattributes of streamflowfrom a climatechange
perspectivethree-dayhighflows, sevendaylow flows, annualaverageflow, andthe winter-spring
centerof volumer ameasureof the timing of snowmelt*® Streamflowscoredhighlyin the screening
andexpertrankingprocesghat fed into this implementationplan. In the interestof conservinguture
resourcesthough,the sizeof the proposedsuite hasbeenrestrictedto approximately20 indicators,
anda decisionwasmadeto limit the numberof discretehydrologicindicators. Precipitationwaschosen
asone of the corehydrologicindicators.Thatsaid,it isimportant to recognizethat precipitationis not a
perfectproxyfor dischargeAsRiceet al. (2016)and previousstudiesfound, precipitationdischarge
relationshipsvary overtime andspacebecauseof lagtimes, travel times,land use,snowpackandtiming
of snowmelt,antecedentconditions,evapotranspirationandother hydrologicfactors.

Additional Needs

No further work is needed to collect data, assuming the aurdata collection program continues.

Stage 3: Method Development/Selection

Status:Methods have been selected to transform the data into an indicator;
additional methodological development could enhance Metric #2.

18Rice, K.C., D.L. Moyer, and. AViills. 2016. Analysis of loterm hydrologic records in thEhesapeake Bay watersheit
preparation for submission to Water Resources Research.
19 https://www. epa.gov/climateindicators/climatechangeindicatorsstreamflow
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Method Information

Metric #1: Totalannual precipitation

Description 9 Usehourlydatato calculatemonthly andthen annualmeansfor eachstation.
1 Useb h ! !toQagraphicallysensitivenClimDivspatialweightingapproachto

developa 5-km grid, then averagethe resultsby climatedivision.

Peer-review status PeeeNEOASGHSR A LINIG 2F GKS RS@St 2 LIy
(https://www.epa.gov/climateindicators/climatechangeindicatois-us-and
globalprecipitation). Peer review confirmed scientific integrity and conformang
G2 9t! Qa RFOGF ljdzr t Ade ONROGSNRI® |y
including quality control and spatial aggregation, have also beenge@wed.
Citations Numerous citations about this dataset are available at:
https://www.ncdc.noaa.gov/monitoringeferences/maps/uslimate-
divisions.php

Metric #2: Heavy preipitation
Description 1 Currentmethodinvolvesdividingthe nationinto a 1-degreegrid and selecting

one station per grid cell. Foreveryunit grid cell,determineeachR | & Q &
precipitation. Thenfor eachyear,calculatethe total percentageof
precipitation that camefrom extremeevents(i.e.,10" percentileof all
precipitationevents).Newanalysiswill require a higherresolutionof analysis.

1 Foreveryclimateregionandeveryyear,calculatethe percentageof landarea
that receivedmore thanthe norma proportion of its precipitationbudget
from largeevents,basedon a percentileanalysis.

Peerreview status National indicator (line graph) pedBS @A S6 SR | & LI NI 27F
indicator suite littps://www.epa.gov/climateindicators/climatechange
indicatorsheavyprecipitation). Peer review confirmed scientific integrity and
O2y T2NXI yOS (G2 9t! Qa RIF G | sidgméthods at
NOAA have also been pemviewed.

Citations Gleason, K.L., J.H. Lawrimore, D.H. Levinson, T.R. Karl, atatdhyJ2008. A
revised U.S. climate extremes index. J. Climate 212137 .

Additional Needs

Metric #2: Heavy precipitation

AeleliilelaEINIel ==l o Add daily precipitation data td h ! !'n@lienDivproduct; create alownscaled

G SEGNBYS LINBSOmidiAtin thie kusing(e.g., by climate division or
on a gridded-km scalg. Determine map/graph approach.

Skills or resorces This step demands complex programming skills, meteorology/climatology
needed, and what SELISNIA&AST FYR SELISNI 62Nl Ay3 1y26
individuals or climate data archives. This work eportedly already under development by
organizations have this [\ [eZVA¥F:1i 8
capacity
Aepliezh)ERilEieglel | 2to 5 years a loose estimate based on conversations with NOAA NCEL.
=5l jieideesis No cost to CBPO; NOAA is developing this methodological improvement.
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Stage 4: Data Pressing

Status:Data have been processed to create an indicator. |

Data Processing Information

Metric #1: Total annual precipitation
S eioeeeshel bh I LISNF2Nya GKS aLl Al Fylfeaaa
steps website, calculateegressions for each climate division, and determine the
percent change from the 19@2000 baseline.

Processing tools and Once NOAA completes its processing, the remaining processing steps can bg
skills needed performed with simple Excel calculationsasr R script, as well as ArcGIS.
Organization that EPA.
processes the data
Processing contact Michael Kolian, EPRglian.michael@epa.gov
Neeleisishel o ole=s=e kel Processed data for national indicator availh S 2y 9t ! Q& 6S0 3
https://www.epa.gov/climateindicators/climatechangeindicatorsus-and-globat
precipitation

Access to processing Excel calculations from Michael Kolian, Bian.michael@epa.gov

scrigts, formulae, etc.

Metric #2: Heavy precipitation
S{nnE A sgee=shle | NOAA performs the percentile analysis. After that, downloadidc ¥ N2 Y
steps website. If portraying a map, calculate trends in changes to extreme precipital
events for the regions of interest.

Processing tools and Once NOAA completes its processing, the remaining processing steps can bg

skills needed performed with simple Excel calculations.

Organization that EPA.

processes the data

Processing contact Michael Kolian, EPRglian.michael@epa.gov

Neessisl o) o elees=0 ot Processed data for national indicator avaflaB 2y 9t ! Q&4 6S06 a
https://www.epa.gov/climateindicators/climatechangeindicatorsheavy
precipitation
Access to processing Excel calculations from Michael Kolian, Bian.michael@epa.gov
scripts, formulae, etc.

Additional Needs

Both metrics require data processing for future years, but this is ongoing work that is already on a regular
maintenanceschedule coordinated by NOAA and EPA.

Stage 5: Indicator Development

This stage involves turning the processed data into an indicator. If an indicator already exists at a different scale,
this step requires it to be clipped or cropped to the Chesapeakenshed or similarly appropriate spatial

A A~ A 9~ z

SEGSYiGiZ AF ySSRSRd LG Itaz2 NBldANBa O2YLX SGS (SOKyA

| | Status:National indicator developed, but not yet optimized for the Chesapeake
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Indicator Information

Metric #1: Total annual precipitation
Sl elelptelpisie s lo)olclel| Check all that apply:
DNJ LK 6 av
al LJbav
{ dzYYl NB GSE
¢ SOKYAOlFt R20dzySyidlFdAz2y Ay [ .t ¥
52¢gyt2FRFE6tS RIFGLF
X Other: map, summary text, ERdrmat technical documentation, and
downloadable data avkable for national indicator
Organization that EPA.
publishes the indicator
Indicator contact Michael Kolian, EPRglian.michael@epa.gov
Temporal coverage 189%2015.
Frequency Annual.
Spatial coverage Nationwide.
Sl DR Filelgt| NOAA climate division.
Access to indicator https://www.epa.gov/climateindicators/climatechangeindicatorsus-and-globat

temperature

Metric #2: Heavy precipitation
@hllsleEpisielsEleelisel Check all that apply:
DNJ LK 6 av
al LJbavo
{ dzYYl NB GSE
¢ SOKYAOILt R20dzySyidlFdAz2y Ay [ .t ¥
52¢gyt2FRF6tS RIFGLF
X Other: graph, summary text, ERérmat technical documentabn, and
downloadable data available for national indicator
Organization that EPA
publishes the indicator
Indicator contact Michael Kolian, EPRAglian.michael@epa.gov
Temporal coverage 191052015.
Frequercy Annual.
Spatial coverage Nationwide.
Spatal'scale/resolution” gNElelsEUR:Te[o[(=To[- 1=
Access to indicator https://www.epa.gov/climateindicators/climatechangeindicatorsheavy

precipitation

Additional Needs

Metric #1: Total annual precipitation

DGOHITeREe i apleblee / NP LI 9t ! Qa YL 2 GKS fokagtdcHniSal 1 S NJ
documentation. Maintain in the future.
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Skills or resources Basic skills in ArcGIS; CBPO staff or contractors could perform this step. Kng
needed and what of indicator to fill out documentation; CBPO staff could complete this step,
individuals or Ff 6K2dzZaK 9t ! Q& admighhavé e bagkdraurid itolc@nNlkte]
ofefzlplbz 1ol a VNI this step most efficiently for the initial year.

capacity

AelEVElERTEiEhlEs | Initial version within 1 year; annual updates.

=Sl sienieesi | ~$1,50a f F 02N O2a0 F2NJ ONRBLILJA Y3 9 tnicada
documentation.

Estimated annual ~8 hours of staff time cost of updating documentation and other components
maintenance cost based on the processing in Stage 4

Final reviews or Agreement with EPA and NOAA to share data and doctatien.

approvals needed

Metric #2: Heavy precipitation
Ao eIl s Create graph/map with new data. Create GBfnat technical documentation.
Maintain in the future.
Skills or resources Basicskills in Excel and potentially ArcGIS; CBPO staff or contractors could p
needed, and what this step. Knowledge of indicator to fill out documentation; CBPO staff could
individuals or O2YLJ SGS GKA&A aGSLE fdK2dza3K 9t ! Qa
ol P4zl V=R background to completehis step most efficiently for the initial year.
capacity
AelEVElERTn el | Suggest waiting 2 to 5 years for the arrival of downscaled data before compili
this part of the indicator; annual updates.
S5l jGhineesis ~$2,50Q labor cost for creating indator components and populating the
technical documentation.
Estimated annual ~8 hours of staff time cost of updating documentation and other components
maintenance cost based on the processing in Stage 4
Final reviews or Agreement wih EPA and NOAA to share data and documentation.
approvals needed

Summary of Actions and Anticipated Costs

Who has capacity Required or

Stage Cost Timeframe to do optional??
/ NBLJ 9t ! Qa
precipitation indicator for
the Chesapeake: initial
year

5 ~$1,500 Within 1 year | EPA team Required

20 Incremental cost beyond work that is already being performednlindicator has already been developed and a program
is in place to maintain it for the foreseeable futythisfield shaild indicate a cost of zero.

2l Incremental cost beyond work that is already being performednlindicator has already been developed and a program
is in place to maintain it for the foreseeable fututhisfield should indicate a cost of zero.

22 An acton is required if it is pivotal to developing or maintaining an indicator. Some actions may be considered optional if
they represent more of an enhancement or expansion to an indicator.
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Who has capacity Required or

Timeframe to do optional 7?2

/ NEL) 9t ! Qa
precipitation indicator for ~8 staff .
the Chesapeake: future S hours/yr Annual CBPO staff Required
years
Downscale extreme (N:g;gs.ttgobe
precipitation dataset by | 3 done b’y NOAA 2 to 5 years NOAA Required
NOAA climate division

NCEI
[ 2Y@SNI bh!!
downscaled extreme
precipitation data into part| 5 ~$2,500 2 to 5 years EPA team Required
of this indicator: initial
year
Updateextreme 8 staff
precipitation component | 5 hoursfyr Annual CBO staff Required
in future years
Total one-time cost ~$4,000
Total annual cost R

hours/yr
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6. Sea Level Change

Indicator at a Glance

Stage 1: Indicator defined

Stage 2: Data collection program in place

Stage 3: Methods developed/selectedttansform data into an indicator
Stage 4: Data processed

not completed | Stage 5: Indicator developed for the Chesapeake

Indicator value:

1 Thisindicatorhelpsto inform the ClimateResiliencygoalsand outcomesby characterizinghe extent of
sealevelrise,whichis one of the mostsignificantclimaterelated stressorsaffectingthe region.

1 Seadevelrisecontributesto a multitude of problemsfor both humanand naturalsystemsRisingwvaters
increasethe likelihoodand severityof coastalfloodsand intensifythe coastalimpactscausedoy storms.
Rapidlychangingsealevelscanalsochallengeshorelineecosystemshat dependon certainconditions
to thrive, therebythreateningVital Habitats (especiallftidal wetlands),specieghat dependon these
habitats,andthe ecologicakerviceqsuchasphysicabuffering capacity)thesenatural systemsoffer.

Relationship to other indicators in the proposed suite:
9 Seadevelchangerepresentsa keydriver for severaimpactbasedindicatorsin this proposedsuite:
coastalflooding, property at risk or damaged andwetland extent and/or physicalbuffering capacity.
1 Risingwvatersinfluencedecisionmakingregardingthe extent of living vs. hardenedshorelines

Notable opportunities, riskand areas for enhanceent:

1 Theproposedindicatorwill be excerptedfrom a nationwideindicatorthat EPAalreadymaintainsand
publishespbasedon ananalysighat NOAAalreadycompilesfor EPAeveryyear. Thisarrangement
greatlyreducesthe costto developanindicatorfor the Chesapeakdyut it alsocreatesa dependencyon
EPAandNOAApriorities precludetheseagenciesrom maintainingthe nationalindicatorin the future.

Stage 1: Indicator and Metric Definition

Status:Indicator and its metric have been defined.

Indicator Description

This indicator will present the relative sea level change at seven permanent tide gauge stations in the
Chesapeake Bay region from 1960 to present. The metric will be displayed on a map with symbology that
represents either the rate of @nge at each site or the total cumulative change at each site over the entire
period of record.

9t ! Q& wSLI2 NI 2 yitpsV/kfSib. &g @WrdEBndida®ntin?2i€87(ROE) provides amditional

gridded map that showabsoluted 2 NJ Sdza G G A O0 &SI €t S@St OKFy3aS 2@0SNJ
measured in relation to the center of the earth, based on satellite altimetry. Thus, it excludes the influence of
vertical land motion andhstead focuses purely on the increase in volume of the ocean. This option was

considered for the Chesapeake but was not selected for the proposed indicator because: a) the mapping
approach provides incomplete coverage of estuarine waters such as thepgeh&saBay, b) the spatial

resolution is too coarse to provide useful information at the scale needed for analysis and detiiimg
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within the Chesapeake region, and c) sea level change relative to the shoreline efevthttarombined effect
of verticalland motion and eustatic sea level changs more relevant to the effects that communities and
ecosystems along the shore will actually experience.

Additional Needs

No further work needed to define this indicator.

Stage 2: Data Collection

Status:Data collection program in place. |

Data Source Information

Dataset Relative sea level change.

Source description Relative sea level loAgrm annual rate of change, as calculated from monthly
mean water levels.

Organization that NOAA.

collects the data

Data source contact Chris Zervas, NOABhris.Zervas@noaa.gov

el ERbesE il | Offers the highest spatial and temporal resolution of the available sea level d:
sources. This selection of sites repnetsethe best available source of downscalg
localized sea level results for such a long period of time.

Temporal coverage At least 1950 (varies by station) to present.

Frequency Water levels measured every six minutes.

Spatial coverage 210 tide gaugesationwide; seven with longerm data in the Chesapeake or its
tidal tributaries.
SoeuelseelDERelFlilelgt| Data for individual stations.
Access to data https://tidesandcurrents.noaa.gav

Additional Neesl

No additional work needed to collect data, assuming the current data collection program continues.

Stage 3: Method Development/Selection

Status:Methods have been selected to transform the data into an indicator. |

Method Information

Description 1 Foreachtide gaugestation presentedin the indicator,usemonthly meansea
levelto calculatea linearregressiorfor the long-term annualrate of change.

1 Multiply the annualrate of changeby the lengthof the period of recordto
determinetotal cumulativechange.
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Peerreview status PeertNE A SGOSR a4 LI NG 2F GKS RSOSTt 2 LIV
AYRAOF(G2N) adzAGS® t SSNI NBGZASg O2y FAN
RI @l lj dzt t AGe ONAGSNALF & 51 {sedifi NBre&foud h

peer-reviewed journal articles.

Citations NOAA. 2009. Sea level variations of the United StatescP®6. NOAA Technical
Report NOS COPS 053, NOAA National Ocean Service Center for Operationg
Oceanographic Products and Services.
www.tidesandcurrents.noaa.gov/publications/Tech_rpt 53.pdf

NOAA. 2017. Global and regional sea level rise scenarios for the United State
NOAA Technical Report NOS GRS 083YOAA National Ocean Service Center f
Operational Oceanographic Products and Services.
https://tidesandcurrents.noaa.gov/publi¢ens/

techrpt83 Global and Regional SLR_Scenarios for the US final.pdf

NOAA. 2018. Patterns and projections of high tide flooding along the U.S. coa
using a common impact threshold. NOAA Technical Report N&@T3PS@86, NOA.
National Ocean SenddCenter for Operational Oceanographic Products and
Services.

https://tidesandcurrents.noaa.gov/publications/techrpt86 PaP of HTFlooding

Additional Needs

No additionalWwork needed to define methods.

Stage 4: Data Processing

Status:Data have been processed to create an indicator. |

Data Processing Information

Sl Ae i olfeleellol Download statiord LISOA FAO REGF FNRBY bhite!RO®a ¢
steps script or routine to calculate monthly means and the resulting ‘w@rg trends.
Multiply by the length of record for the absolute change. Map the results.
Processing tools and Processing can be performed with an automated scwiptich is currently

skills needed performed by NOAA. Calculated values and tide gauge locations are organizs
Excel and mapped using ArcGIS.

Organization that Processing script: NOAA. Excel and GIS calculations: EPA.

processes the data

Processing contact Chris Zeras, NOAAChris.Zervas@noaa.gov

Michael Kolian, EPAglian.michael@epa.gov

Aol eoeeieniolbi t N2 OSaaSR OREGE FNB  LINE @A R Srésults &e pastet
at: https://www.epa.gov/climateindicators/climatechangeindicatorssealevel
Aleelssisilel alfelessis oo Processing scriptdm Chris Zervas, NOAA. Excel calculations from Michael K¢
scripts, formulae, etc. EPA.
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Additional Needs

Al elidal==lelsls | Process data for future years.

Skills or resources Requires ability to use rocessing script (NOAA would know the format) and t
needed, and what ability to perform basic functions in Excel and ArcGIS. NOAA and EPA teams
individuals or perform these steps.

organizations have this

capacity

Aepliavzl Rt Within 1 yearg this is ongoing work that is already on an annual maintenance
schedule, as agreed between NOAA and EPA.
Estimated ugfiront cost JN[e]a[=R

Estimated annual No additional cost, assuming NOAA and EPA continue to maintain their indic
maintenance cost

Stage 5: Indicator Development

This stage involves turning tipeocessed data into an indicator. If an indicator already exists at a different scale,
this step requires it to be clipped or cropped to the Chesapeake watershed or similarly appropriate spatial

extent, if needed. It also requires complete technical doBwhii  GA 2y Ay GKS /.t Qa

\ | Status:National indicator developed, but not yet optimized for the Chesapeakg

Indicator Information

Organization that

publishes the indicator
Indicator contact
Temporal coverage
Frequency

Spatial coverage
Spatial scale/resolution
Access to indicator

@l elelptelpisielsElo)olclel| Check all that apply:

DNJ LIK6 abo
al LIbabo
{ dzYYlI NBE GSE
¢ SOKYAOFt R2@de@tSy Gl A2y Ay [ .t
52¢gyf2FRI0ftS RIGE
X Other: map, summary text, EHérmat technical documentation, and
downloadable data available for the national indicator.

EPA.

Michael Kolian, EPR&glian.michael@epa.gov

1960:2015.

Single trend calculation.

Seven tide gauge stations.

Trends for individual stations.

https://www.epa.gov/climateindicators/climatechangeindicatorssealevel

2 Incremental cost beyond work that is already being performéd diata processingrogram is already in place and fully
funded for the foreseeable future, thfgeld should indicate a cost of zero.
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Additional Needs

Aol da==lse 1 Crop the EPA indicator to include only the seven stationise Chesapeake Bay
tidal region. Map the results from these stations. Create-€Bfat technical
documentation. Maintain in the future.

Skills or resources Basic skills in Excel and @i€; CBPO staff or contractors could perform this ste
needed, and what Knowledge of indicator to fill out documentation; CBPO staff could provide thi
individuals or OF LI OAGesxs FtGK2dAK 9t! Qa OfAYIFGS A
oifsfelplb4= Ll a VIS complete this step most efficiently for thimitial year.

capacity

Aol ERTn el | Initial version within 1 year; future updates every year.
=l el | ~$1,500 or 20 staff hourst | 0 2 NJ 02 &G T2 NJ ONR LILA Yy 3
the technical documentation.
Estimated annual 10staffhourxO2 &80 2F SEOSNLIiAYy3I RIGF FNRY
maintenance cost' continues to conduct annual updates, and updating technical documentation
needed.

Final reviews or Agreement with EPA and NOAA to share data.

approvals needed

Sunmary of Actions and Anticipated Costs

Who has capacity Required or
Action Timeframe optional °
22N Ay3 FTNRY
existing indicator, mask
tide gauge stations outsidg
the.Chesapeake Bay . ~$1,500 or 20 Within 1 year CBPO staff or EPA
region, map the resulting staff hours team
stations, and create
documentation in CBP
format: initial year
22Nl AYy3 FTNRY
existing indicator, mask
tide gauge stations outsidg
the Chesapeake Bay 10 staff Repeat
region, map the resulting hours/yr annually
stations, and update
technical documentation
as needed: future years

Required

CBPO staff Required

Total one-time cost ~$1,500 or 20
staff hours

Total annual cost 10 staff
hours/yr

2 Incremental cost beyond work that is already being performednlindicator has already been developed and a program
isin place to maintain it for the foreseeable futyrenisfield should indicate a cost of zero.

25 An action is required if it is pivotal to developing or maintaining an indicator. Some actions may be considered optional if
they represent more of an enhancemt or expansion to an indicator.
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/. Stream Water Temperature

Stage 2: Data collection program in place
v |

not completed | Stage 5: Indicator developed for the Chesapeake

Indicator at a Glance

V | Stage 1Indicator defined

Stage 3: Methods developed/selected to transform data into an indicg
\Y Stage 4: Data processed

Indicator value:
9 Thisindicatorhelpsto addresghe ClimateResiliencygoalandoutcomes,aswater temperaturesin

T

generalare expectedto risedueto climatechangeln addition, streamwater temperaturesrepresenta
keymetric for monitoringthe effectivenesf certan watershedbasedresiliencyefforts.
Higherstreamtemperatures,andtheir resultantconditions,canstressaquaticecosystemsy making
them lesshospitablefor certainspeciesor upsettingthe competitivebalancebetweenspeciesSuch
changedo ecosytem stability canresultin secondarybiochemicaimpacts,both in situand
downstream.

Asthe chiefsourceof water flowinginto the Chesapeak8ay,the streamsin the watersheddirectly
impactBaywater temperatures.Similarly the associatecdconsequencsof warmerwater canleadto
additionalbiochemicaimpactsfor the Bayecosystemsuchasdecreasedaragonitesaturation.

Relationship to other indicators in the proposed suite:

T

T

Air temperatureisthe principaldriver of streamwater temperatures.Secondrily, changesn land use
(includingthe prevalenceof shadecoverfrom riparianvegetation)andgreeninfrastructure alsofactor
into the evidencepresentedin this indicator.

Althoughstreamwater temperaturesdo not representthe sole,or evenmain, causeof other impactsin
the Bay(suchasharmful algalbloomsor fish population distribution), highertemperaturescanbe a
contributingor intensifyingfactor.

Notable opportunities, riskand areas for enhancement:

T

Theproposedindicatorwill be incomporatedin its entirety from anindicatorthat EPAalreadymaintains
andpublishespasedon ananalysighat USG$lannedto compilefor EPAon aroughlybiennialbasis.
Thisarrangementgreatlyreducesthe costto developthe indicator,asit isalreadyappropriatelyscaled
andappliedto the region.However,it alsocreatesa dependencythat couldexposethe Chesapeak8ay
Programto riskif changesn EPAor USGriorities precludetheseagenciedrom maintainingthe
indicatorin the future.

USGSecently alertedEPAandthe CBPQo a potential challengein maintainingthis indicator.Asa
resultof the USGSvide implementationof a new databasefor time seriesdataandassociatedolicies,
the temperaturedatathat fedinto 9 t !ir@diaatorare not beingretainedin areadilyavailableformat.
Workwill be neededto overcomethis challenge.
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Stage 1: Indicator and Metric Definition

Status:Indicator and its metric have been defined.

Indicator Description

This indicator presents sigpecific trendgi.e., percentage increase) of the stream water temperatures at select
USGS stream gauges. The trend is calculated as a linear regression over the entire period of record. Stream
gauges are qualitgontrolled for completeness. The indicator is alreadytéohto 129 stations in the Mid

Atlantic region, including 72 in the Chesapeake Bay watershed (see Figure 1). The EPA indicator uses shading to
identify the region of the map that constitutes the watershed. CBP has the choice of whether to use the same
approach, or restrict the stations presented to only those in the watershed.

CAIdNB Mo {AdGSa Ay 9t! Qa SEA&GAYI AYRAONG2NJ
4 7 “-; NH

MA

cT

Additional Needs

No furtherwork needed to define this indicator.

Stage 2: Data Collection

Status:Data collection prograrm place, but work is needed to restore access ¢
data in conjunction with a USGS database redesign.

partial
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Data Source Information

One strong data source was identified during the development of this implementation plan:

Dataset Subannual stream water temgratures.

Source description Directly sampled stream water temperatures at designated stream gauge site
Organization that USGS.

collects the data

Data source contact John Jastram, USGdastra@usgs.gov

sEEl R asE Ewilolsl | Based on the NWIS dataset of stream gauges, which is the best available col
of physical stream parameters. This quatiyntrolled data set further enhances
the data by limiting confounding factors and sites with limited datalalsdity.
Temporal coverage 196Q;present.

Frequency Subannual, but data are presented as trend over period of record.

Spatial coverage Chesapeake watershed and immediate surrounding area (129 stations total; |
the Chesapeake watershed).

Szl Nilelg | Data for individual stations.

Access to data https://waterdata.usgs.gov/nwis

Additional Needs

GG egleen 6 5 SGSNYAYS K2 G2 SEGNI OG0 GKS ySOSa
structure, which may require modifying the way data are stored and classified
Skills or resources '{D{Qa KSfL)I gAff 06S ySSRSR (2 YLl Yyl

needed, and what storage protocols

individuals or

organizations have this

capacity

Achievable timeframe [JLis]»2

=it sjeeeisis | TBD whether USGS will require external funding assistance.
Estimated annual TBD.

maintenance cost

%6 Incremental cost beyond work that is already being performed. If data collection program is already in place and fully
funded for the foreseeable future, this field should indicate a cost of zero.
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Stage 3: Method Development/Selection

Status:Methods have been selected to transform the dateoian indicator. |

Method Information

Description 1 Forthe areastudied,excludestreamgaugeswith lessthan 90 percentdata
for the period 1960;2010.

9 Calculateeachsite-specificmonthly meanoverthe entire period of record
andthen converttemperaturereadingsnto anomalieshasedon the mean.

1 Calculateanordinaryleastsquaresregressiorto determinethe trend of the
changefor eachsite in the study.

Peerreview status PeeeNBJASGSR & LIFNI 2F G0KS RS@St 2 LY

coy FAN¥SR AO0ASYOGATAO AyGSaNriGe I yR

Source study and monitoring site methods also previously peer reviewed as

journal articles.

Citations Jastram, J.D., and K.C. Rice. 2015aAd streamwater-temperature trendsn
the Chesapeake Bay region, 1§8014. U.S. Geological Survey Odle Report
HNmp fatpsy/dxdoi.org/10.3133/0fr20151207

Wilde, F.D. 2006. Temperature (ver. 2). U.S. Geological Surveyiquexhof
Water-Resourcegnvestigations, Book 9, Chapter A6, Section 6.1. March 2006
edition. http://water.usgs.gov/owq/FieldManual/Chapter6/Ch6 _contents.html

Additional eds

No additional work needed to define methods.

Stage 4: Data Processing

Status:Data have been processed to create an indicator. |

Data Processing Information

SllnmEnaaseecshil Download data from the NWIS database. Run a script or rotaiag@ply quality
steps control criteria, calculate monthly means, calculate anomalies, and determine
site-specific trend.

Processing tools and Processing can be performed with an automated script, which is currently
skills needed performed by USGS. Calculdtealues and site locations are organized in Excel
and mapped using ArcGIS.

Organization that Processing script: USGS. Excel and GIS calculations: EPA.

processes the data
Processing contact John Jastram, USGdastra@usgs.qqv

Michael Kolian, EPKglian.michael@epa.gov

Aol oeeieniolbi t N2 OSaaSR RIEGEFE LINPOARSR G2 9t! o@
https://www.epa.gov/climateindicators/climatechangeindicatorsstream
temperature
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Access to processing Processing script from John Jastram, USGS. Excel calculations fromal Malfzan,
scripts, formulae, etc. EPA.

Additional Needs

Aol el dplcl=le s Process data for future years.

Skills or resources Requires ability to use a processing script (USGS would know the format) an
needed, and what abhf AGe (2 LISNF2NXY o0l A0 FdzyOliAz2ya
individuals or perform these steps.

organizations have this

capacity

AeplEVEllER el | Within 2 years. This is ongoing work that is already on a biennial maintenanc
schedule as agreed between USGS and EPA.
Estimated ugfront cost [ENeJa[=R

Estimated annual No additional cost, assuming USGS and EPA continue to maintain their indic
maintenance cost

Stage 5: Indicator Development

This stage involves turning the processed data into an indicator. If an indicator adneiatiyat a different scale,
this step requires it to be clipped or cropped to the Chesapeake watershed or similarly appropriate spatial

A A ¥ A 9~ z

SEGSYyids AT ySSRSR® LG Fftaz2 NBldANBa O02YLI SGS GSOKYA

\ | Status:Nationalindicator developed, but not yet optimized for the Chesapeake]

Indicator Information

@hllsleEpisielsleelsel Check all that apply:
DNJ LIK6 au
al Llbao
{dzYYl NBE GSEI
¢ SOKYAOFt R20dzYSyidlGAaz2y Ay [ .t F
52¢gyft2FRIFIoftS RIGL
X Other: map, summary text, EHérmat technical documentation, and
downloadable data available for naripped Chesapeake Bay watershed and
immediate surrounding area
Organization that EPA.
publishes the indicator
Indicator contact Michael Kolian, EPAglian.michael@epa.gov
Temporal coverage 1960;2014.
Frequency Single trend calculation.
Spatial coverage 129 stream gauges in the covered region.
Sl lD e Filelg| Trends for individual stations.

27 Incremental cost beyad work that is already being performedaldata processingrogram is already in place and fully
funded for the foreseeable future, thfgeld should indicate a cost of zero.
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Access to indicator https://www.epa.gov/climateindicators/climatechangeindicatorsstream
temperature

Additional Needs

Ao el dpe=le s Crop the EPA indicator to exclude stais in the MidAtlantic that are not actually,
part of the Chesapeake Bay watershed (if desired). Map the remaining statior
Create CBformat technical documentation. Maintain in the future.
Skills or resources Basic skills in Excel and ArcGIS; CBPO staff or contractors could perform thig
needed, and what Knowledge of indicator to fill out documentation; CBPO staff could complete t
individuals or A0S FfOuK2dzZa3K 9t ! Qa Of AYIl (S ckyfoungta
olfsfelplk= Lo VRS complete this step most efficiently for the initial year.
capacity
Aol ERTn el Within 2 years.
SSinEicelizienieesicl dbpnan 2N M adlFF K2dzZNERY 162N O2a
~$1,000 or 15 staff hours: labor cost to creatd>@@mat technical
documentation.

Estimated annual Mn aial¥F K2dz2NE SOSNE H &8SFENR o6p K2

maintenance cos$t indicatort assuming EPA continues to conduct annual updatesd updating
technical documentation.

Final revews or Agreement with EPA and USGS to share data.

approvals needed

Summary of Actions and Anticipated Costs

Who has capacity Required or

Stage Cost Timeframe to do optional?®

22N] SAGK ' {
database structure to
allow the data for this 2 TBD TBD USGS Required
indicator to be compiled
again

22NJAy3 TNRY
existing indicator, mask
stream gauge stations

~$500 or 10 CBPO staff or EPA

outside the Chesapeake 5 staff hours Within 2 years team Optional
Bay watershed and map

them: initial year

Creatg CB#ormat . 5 ~$1,000 or 15 Within 2 years CBPO staff or EPA Required
technical documentation staff hours team

2 Incremental cost beyond work that is already being performednlindicata has already been developed and a program
is in place to maintain it for the foreseeable fututhisfield should indicate a cost of zero.

2% An action is required if it is pivotal to developing or maintaining an indicator. Some actions may be considieneal if
they represent more of an enhancement or expansion to an indicator.
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Stage | Cost

Timeframe

Who has capacity Required or

to do optional ?°

22NJAy3 TNRY
existing indicator, mask
stream gauge stations
outside the Chesapeake
Bay watershed and map
them, and maintain
documentation: future
years

5 5 staff hours/yr

Repeat every 2
years

CBPO staff Required
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8. Upstream Flooding

Indicator at a Glance

Stagel: Indicator defined

Stage 2: Data collection program in place

Stage 3: Methods developed/selected to transform data into an indicg
Stage 4: Data processed

not completed | Stage 5: Indicator developed for the Chesapeake

Indicator value:

9 Thisindicatorhelpsto addresghe ClimateResiliencygoalandoutcomes,asriver/streamfloodingis
influencedby changingclimate conditions,includingthe increasedrequencyandintensity of heavy
precipitationeventsin someregions,aswell aschangesn snowpacksnowmelttiming, and streamflow
patterns.

f Largeflood eventscandamagehomes,roads,bridges,andother infrastructure;wipe out ¥ I NJYcfopsh Q
andharmor displacepeople.Althoughregularfloodinghelpsto maintainthe nutrient balanceof soilsin
the flood plain, largeror more frequentfloods coulddisruptecosystemdby displacingaquaticlife,
impairingwater quality,andincreasingsoil erosion.Byinundatingwater treatment systemswith
sedimentand contaminants and promotingthe growth of harmfulmicrobes floodscandirectly affect
the water suppliesthat communitiesdependon.®

Relationship to other indicators in the proposed suite:
1 Changen precipitation (especiallyheavyprecipitation)is a keydriver of this indicator.
9 Landcover andland useinfluenceriver and streamfloodingt particularlythe extentof impervious
surfaceghat contribute to runoff.
1 Trendsin upstreamfloodinginfluencethe extentof property at risk or damaged

Notable opportunities, risk@nd areas for elmancement:

1 Theproposedindicatorwill be excerptedfrom a nationwideindicatorthat EPAalreadymaintainsand
publishesbasedon ananalysighat aresearchteam at the Universityof lowahasagreedto compilefor
EPAeverytwo years.Thisarrangementgreatly reducesthe costto developanindicatorfor the
Chesapeakdyut it alsocreatesa dependencythat couldexposethe Chesapeak8ayProgram(CBPjo
riskif changesn EPAor researchteam priorities precludethem from maintainingthe nationalindicaibor
in the future.

Stage 1: Indicator and Metric Definition

Status:Indicator and its metric have been defined. |

Indicator Description

This indicator will present two metrics:
9 Trendsin the magnitudeof river flooding
1 Trendsin the frequencyof river flooding

30 hitps://www.epa.gov/climateindicators/climatechangeindicatorsriver-flooding

Climate Change Indicator Implementation StggteRevised July 13, 2018 62


https://www.epa.gov/climate-indicators/climate-change-indicators-river-flooding

It is based on an EPA indicator that presently covers the entire contiguous 48 states, based on stream gauge
measurements. The indicator is restrictedacubset of USGS stream gauges that have been designated as
HCDM nncp & NB T S ATBedefererté giumSsdnabe been carefully selected to reflect minimal
interference from human activities such as dam construction, reservoir management, wastewater treatment
discharge, water withdrawal, and changes in land cover and land use that might c&luamoff. The indicator
provides maps that show loAgrm trends (1965 to present) at each site.

Additional Needs

No further work needed to define this indicator.

Stage 2: Data Collection

Status:Data collection program in place. |

Data Source Inforation

Dataset Peak and daily discharge data.

Source description Stream stage (water level) measured by stream gauges, then converted to
discharge (streamflow).

Organization that USGS.

collects the data

Data source contact Mark Bennett, USG8irbennet@usgs.gov

el ERbIEsE bl | Widely cited (in the assessment literature, etc.) as the authoritative source of
streamflow and stream stage data. Data collected consistently in many place
since the early20" century.

Temporal coverage Varies by station: at least 1965 (in many cases, much longer) to present.

Frequency Stream stage measured every 15 minutes at most gauges.

Spatial coverage More than 25,000 stations nationwide; approximately 500 stations subset of
GNBEFSNBYyOS 3IrdASaé¢ GKIFIG Ffaz2 YSSi
sites with sufficient magnitude data and 42 with sufficient frequency data with
the Chesapeake watershed.

Sl el Flilelt| Data for individual taitions.
Access to data http://waterdata.usgs.gov/nwis/sw

Alternative data options are available, including (but not limited to) measures of flood stage from the same
gauges and records maintained bytNational Weather Service. The approach proposed here has been
selected because it is used in an existing indicator that would be relatively straightforward to adapt for the
Chesapeake region. Other sources might require additional method developmedigamg@rocessing, but
should not be ruled out, as new developments may come to light in the future.

Additional Needs

No additional work needed to collect data, assuming the current data collection program continues.
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Stage 3: Method Development/Selection

Status:Methods have been selected to transform the data into an indicator. |

Method Information

Description 9 Formagnitude,analyzetrendsin the annualmaximuminstantaneougpeak
dischargevaluesat eachsite.

1 Forfrequencyusead LJS-bverdhreshold approachto identify the top 100
discretefloodingeventsduringthe 50-yearstudy period (in terms of daily
discharge)then determinewhether sucheventshavebecomemore or less
commonovertime.

Peerreview status Peerreviewed as part ofthe develdY Sy i 2F 9t ! Qa AYRAC
O2YyFANNVSR aOASYGATAO AyaGSaNRdGe | yR
Citations Mallakpour, I,and G. Villarini. 2015. The changing nature of flooding across t

central United States. Nature ClimathaDge5:250;254.

Additional Needs

No additional work needed to define methods.

Stage 4: Data Processing

Status:Data have been processed to create an indicator. |

Data Processing Information

SipElsaraeecsslel Download data from USGéationd Water Information Systerdatabase. Run a
series of scripts to select and filter stations, identify maximum annual

instantaneous peak discharge, identify the top 100 daily discharge events at ¢
site, calculate trends in magnitude using a Matendall est, and calculate trend
in frequency using a Poisson regression.
Processing tools and Processing can be performed with a series of scripts. Script format not knowr
skills needed

Organization that Processing script: University of lanExcel calculations: EPA.
processes the data
Processing contact Gabriele VillariniUniversity of lowagabrielevillarini@uiowa.edu
Michael Kolian, EPRAglian.michael@epaov.
ool ol otoleeiscnloel t N2 OSEAASR REGE LINPGARSR (2 9t! o8

data posted ahttps://www.epa.gov/climateindicators/climatechange
indicatorsriver-flooding

Aol a A OKEF St Y2 ALY KFra 0SSy RSaAdayl GdSR
Sleglelss ielitiEls Reile ) indicator. He can provide Excel calculations directly and can engage Gabriele
Villarini for additional information if needed.
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Additional Needs

Al elidal==lelsls | Process data for future years.

Skills or resources 1 Requiresability to useprocessingscripts(Universiy of lowawould knowthe
needed, and what format[s]). A Universityof lowateam holdsaccesgo the scriptsat thistime
individuals or andwould needto perform the work.

eloEhlkElbSEVER IR Requiresability to perform basiccalculationsn Excel9 t ! te@idé canperform
capacity thesesteps.

Alepliazl Rl glsl o Shortterm (can be achieved within 1 to 2 yearshhis is ongoing work that is
already on a biennial maintenance schedule as agreed between the Universit
lowa and EPA.

Estimated ugfront cost \[e]a=R

Estimated annual No additional cos assuming the University of lowa and EPA continue to maint
maintenance cost their indicator.

Stage 5: Indicator Development

This stage involves turning the processed data into an indicator. If an indicator already exists at a different scale,
this step requires ito be clipped or cropped to the Chesapeake watershed or similarly appropriate spatial

A A~ A - 7

SEGSYyGzZ AF ySSRSRo LG | faz2 NBIldANBa O02YLX SGS GSOKyA

\ | Status:National indicator developed, but not yet optimized for tHeeSapeake. |

Indicator Information

Sl elelptelpisielsVElo)olclel| Check all that apply:
DNJ LIK6 abo
al LIbabo
{ dzYYlI NBE GSE
¢t SOKYAOFt R20dzYSyidlidAazy Ay [ .t F
52¢gyf2FRI0otS RIGE
X Other: graphs, maps, summary text, EBAnat technical documentation, and
downloadable data available for national indicator
Organization that EPA.

publishes the indicator
Indicator contact Michael Kolian, EPRplian.michael@epa.gov

Temporal coverage 1965;2015.

Frequency Decadal avexges (based on annual totals).

Spatial coverage Approximately 500 locations nationwide.

Sjeclielbsleel[SlssollEilel | Data for individual stations.

Access to indicator https://www.epa.gov/climateindicators/climatechangeindicatorsriver-flooding

3l Incremental cost beyond work that is already being perform&dataprocessingrogram is already in place and fully
funded for the foreseeable future, thfgeld should indicate a cost of zero.
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Additional Needs

AelefiilepE el enlziziel=s i Crop EPA indicator to the Chesapeake watershed. Creatéo@B& technical
documentation. Maintain in the future.
Skills @ resources Basic skills in Excel and ArcGIS; CBPO staff or contractors could perform thig
needed, and what Knowledge of indicator to fill out documentation; CBPO staff could complete t
individuals or step, althougk 9t ! Qa Of AYI OGS AYRAOFG2NI GSI
olfsfelplk2z 1ol g VNI complete this step most efficiently for the initial year.
capacity
AoVl ERTn el | Shortterm (can be achieved within 1 to 2 years).
=l el | ~$1,50G labor cost for contractor suppar G2 ONR LI 9t ! Q& A
the technical documentation.
Estimated annual 10staffhours | yy dzt £ AT SR O02aid 2F SEOSNLIIAY
maintenance cost years, assuming EPA continues to update its indicator.
Final reviews o Agreement with EPA and the University of lowa to share data.
approvals needed

Summary of Actions and Anticipated Costs

Who has capacity Required or

optional 23

/I NBLJ 9t ! Qa S
national indicator for the |5 ~$1,500 Shortterm EPA team Required
Chesapeakenitial year
/I NBELJ 9t ! Qa §

national indicator for the |5 10 hours/yr Shortterm CBPO staff Required
Chesapeake: future years

Total one-time cost ~$1,500

Total annual cost 10 hours/yr

%2 Incremental cost beyond work that is already bepegformed. f an indicator has already been developed and a program
is in place to maintain it for the foreseeable fututhisfield should indicate a cost of zero.

33 An action is required if it is pivotal to developing or maintaining an indicator. Sotitna may be considered optional if

they represent more of an enhancement or expansion to an indicator. In some cases, optional actions could include steps to
transform a relatively weak or ondimensional indicator that is available in the sht@tm into a more robust indicator in

the longer term.
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9. Acidifica tion

\Y, | Stage 1: Indicator defined

\Y \ Stage 2: Data collection program in place
not completed | Stage 3: Methods developed/selected to transform data into an indicg
not completed | Stage 4: Data processed
not completed | Stage 5: Inidator developed for the Chesapeake

Indicator value:

1 Thisindicatorhelpsto addresghe ClimateResiliencygoaland outcomes asacidificationis a stressor
associatedvith climatechanga specificallythe increasein atmosphericcarbondioxide(CQ)
concentrationswhichin turn leadsto a higherconcentrationof carbonicacidin water.

9 Acidificationmakesit more difficult for shellfish,certainplankton,and other organismdo produce
calciumcarbonate whichisthe mainingredientin their skeletonsor shells.Thisissueaffects
Sustainable=isheriesboth by directlyimpactingcertainshellfish(e.g.,oysters)and potentially by
affectingthe growth of smallerorganismghat are crucialto the food chain.In addition,changego the
acidityregimeof a givenareamay causestressto other speciesat varyinglife stagesjn waysnot yet
well understood.

Relationship to other indicators in the proposed suite:
9 Acidificationand Baywater temperature canserveasconcurrentstressoron populationsof aquatic
organisms.
1 Byharmingcertainspeciesanddisruptingthe food web, acidificationmay ultimately influencefish
population distributions.

Notable opportunities, riskand areas for enhancement:

1 pHdataare prevalentaspart of routine long-term monitoring throughoutthe Bay.However,some
expertssuggesthat pCQ, alkalinity,andaragonitesaturationstate maybe more ecologicallyrelevant
variablesto present.Thesevariablesare not collectedaswidely or frequentlyaspH. Thus this
implementatin plan suggestsa phasedapproach:

0 Phasel: Anearterm indicatorbasedon pH measurementghat are alreadybeingcollected.

0o Phase2: Anoptionallongerterm enhancemenbasedon increasednonitoringof aragonite
saturationstate or other variablesin addition to pH. Thiscomponentcouldbenefitfrom an
expandeddatacollectionprogram,giventhat it traditionallytakesat leasttwo of the four main
acidity-relatedvariableg(pH,pCQ, total alkalinity,anddissolvednorganiccarbon to resolve
carbonatechemistry However researchis alsounderwayto investigatethe useof pHasa proxy
for acidificationin the Chesapeakéahe resultsof this researchcouldhelpto inform the design
of thisindicator.
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Stage 1: Indicator and Metric Definition

Status:Indicator and its metric have been defined. |

Indicator Description

The initial form of this indicator will track changes in the pH of the Chesapeake Bay and its tidal tributaries.
Because the spatial variability of acidification is important to understdredindicator can present a mapping
tool that shows trends over time at each individual site where {targy data have been collected, or possibly
averages for each Bay segment.

A future enhancement could involve replacing or supplementing pH data vadsutements of aragonite
saturation state f\)T an acidityrelated parameter that is often used for a more direct connection to biological

effectst or other recommended variables. Given the limited number of sites with recurring measurement of
aragonite satwation state a presentation of sitdy-site results might be necessary.

Additional Needs

No further work is needed to define this indicator.

Stage 2: Data Collection

vV Status:Suitable data collection program in place for pH. Aragonite saturation ¢
not collected in widespread recurring fashion yet.

Data Source Information

Dataset Chesapeake Bay loitgrm monitoring: pH.

Source description Repeatedn situsampling adesignated longerm monitoringsites; samples
collected from shore, structureg.Q., bridges), or boatgH is part of the standarg
suite of water quality parameters and it is measured throughout the water
column.

Organization that MarylandDNR and VIMS (with some data collecteddy Dominion University
collects the data VirginiaDEQ, et al;)all organizations use consistent methods.

Data source contact TBD.

senlollsnlopsslEeilels ) Longest record of data collected throughout the Bay using consistent method
Temporal coverage Mid-1984 to present.

Frequency Monthly; twice a manth from Juneto August.

Spatial coverage Approximately 150 sites spread throughout the mainstem Bay and tidal
tributaries.

Stk seEl D)l | Data for individual sites.

Access to data http://datahub.chesapeakebay.net/

Development of this implementation plan involved consultation with the Withntic Coastal Acidification
Network (MACAN) and a review of the work they have done to assemble a map of-eelatitéyl data collected
throughout the region. MACAN does not collect data itself, but has been developing a strategy to improve
coordination and prioritization of data collection in the future. MACAN has developed maps that show sample
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locations from a wide range of sources, including f@rgh monitoring programs, on¢éime studies, and
sampling cruises, as shown in the map betbw.
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Sources: Esri, GEBCO, NOAA, National Geographic, DeLorme, NAVTEQ, Geonames.org, and others

Many of the sources captured by MACAN offer Fighlity data within the midAtlantic region, but this
implementation plan focuses on one source (described indbé& above) that arguably provides the strongest
combination of spatial and temporal coverage, even though it may lack the ability to resolve the full carbonate
chemistry at this time. A key goal of this effort is to propose an indicator that can beractest and kept up to

date with limited resources, which means it is useful to minimize the number of discrete data sources that need
to be tracked and combined.

Other sources considered for this indicator include (but are not limited to):

1 TheChesapeak®ayInterpretive BuoySystem(CBIBS)CBIB®as10 buoyslocatedthroughoutthe Bay
andkeytributaries.All 10 buoyshavebeenin placesince2010.With continuousdata collection,CBIBS
providesrich temporalresolution,but it doesnot provide nearlyas manysitesor nearlyasmanyyears
of dataasthe 1984;presentlongterm monitoring programthat hasbeenrecommendedor this

34 For more details, selettp://portal.midatlanticocean.org/news/whereacidificatiorbeingmonitored-your-area/.
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indicator. Also,somestationsdo not collectdatayearround. Thatsaid,pCQ datafrom CBIBSould
ultimately help to inform the developmentof this indicator.

1 Longterm academicstudies.Resultfrom someacademicstudieshavebeenpublishedin the literature,
but they mayhavemore localizedspatialcoveragethan the proposeddata sourcefor this indicator,and
someof the data are consideredoroprietary (for publishingreasonsyandtherefore not readily
accessibléo supportongoingtimely updatesto the proposedindicator.

1 Datafrom long-runningindividual sitessuchasthe CBLPierat Solomonslslandandthe VIMSpier at
GloucesterPoint. Thesesitesare frequentlycited, andthey havea notableadvantageoverthe CBP
longterm monitoring programin length of record. CBLhascollecteddata since1938;the VIMSpier
datasetextendsbackto the 1950s.Theydo not providethe extensivespatialcoverageof the longterm
monitoring programor the satellite-baseddataset,sothey havenot beensuggestedor this indicator.
However if aneedarisesfor a metric basedon a singlesite, theselocationscouldbe strongcandidates.

1 The buoy at the ThomasPointlighthouse. ThomadPointhascontinuousdata collectionbackto at least
1985,andits recordhasbeenextensivelystudiedand gapfilled. Thedataare readilyavailable While
this site hasthe advantageof hightemporalresoluion, it doesnot offer more yearsof datathanthe
long-term monitoring network, andit only coversone location.However it couldaddvalueasa
standardfor calibrationand assessmentf variability. Theteam that developedthe satellite-based
datasethasproposedto useThomasPointdatato test the robustnesf trendsderivedfrom both the
satellite-basedproductandthe CBRongterm monitoring network.

1 Samplingcruises.Asthe mapshows,samplingcruiseshelpto fill manyof the spatialgapswithin the Bay
andits tributaries. Theyhavesomelimitationsfor usein this proposedindicator,though: manywere
one-time studies,mostare not scheduledor repeateddata collectionat the exactsamelocationsevery
year,andthey do not collectdatathroughout the year,like the proposeddatasourcedoes.Thus,
samplingcruisesare arguablynot optimal sourceso supportanindicatorthat trackstrendsovertime
andisfeasibleto keepupdatedin the future.

Some other programs have collected data fromabkt set of sites on a recurring basis, but they have fewer

sites than the proposed source, or they have not collected data for as many years. All of the alternative sources
mentioned here could add value as supplementary data sources, or perhapsitiigggo help with

refinement of interpolation methods. They just do not offer quite as strong a combination of temporal and
spatial coverage as the CBP ldagn monitoring program.

Additional Needs

No additional work is required for pH data, assumimgt iongterm monitoring continues as expected.

A suggested optional enhancement to this indicator will require data on another dimension of acidification, such
as aragonite saturation statey, is derived from parameters that are measured at a small fraction of the long

term monitoring sites described above. An enhanced indicator could examine tremd$onthe small number

of sites where the underlying parameters are measured routinelit,auld be developed in conjunction with

an expanded monitoring program that measuthkese variablesit more locations. The following table describes
steps that could be taken to support this enhancement.
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Al el eaEEb e 1 Determinewhetherto add mq or anothervariableother than pHto this
indicator,andif so,decidewhetherto useexistingdataor attempt to expand
datacollection.

1 If expandingdatacollection:determinefundingneeds,securefunding,select
methods,developprotocols,and coordinatewith datacollection/analysis
programsto integratethis new variableinto their analysesin particular,
coordinatewitha ! / ! bofhgrehensivenonitoringplan.

Skills or resources Expertise in water quality analysigvailable from CBPO staff and state partner
needed, and what Expansion of data collection will require coordination with the agencies and
individuals or organizations that conduct loagrm monitoring. Also coordinate with the NOA/
olfslrenilogis sVl | Chesapeake BayPA NI Y hFFAOSQa LY G SNIINBGA DS
capacity University of Maryland Chesapeake Biological Laboratory, and MACAN, and
consider recommendations outlined in the 2014 report on acidification
monitoring in the Chesapeake B&y.

Achievable timefame 1 Decisioron a datasource:possiblewithin 1 year.

1 Expandedopperationalizeddata collection:likely longterm (>5years).

=5 ntsjenideesis s No up-front costfor initial decision.
9 Expandediatacollection:incrementalcostTBD.

Estimated annula Expanded, operationalized, data collection: incremental cost TBD.
maintenance cost

Stage 3: Method Development/Selection

Status:Methods have not been developed to transform these data into an
indicator.

Method Information

Methods have not beesstablished.

% Science Assessment of Chesapeake Bay Acidification: Toward a Research and Monitoring Strategy.
http://dnr.maryland.gov/waters/bayDocuments/MDOATF/OA ACB_AcidificationWorkshopReport March2014.pdf

3¢ Incremental cost beyond work that is already being performgddata collection program is already in place and fully
funded for the foreseeable future, thfgeld should indicata cost of zero.
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Additional Needs

Phase 1: pH

Aol eIienissie sl 9 Determinethe mostscientificallydefensibleapproachto aggregatedataover
time. Thisindicatorcouldbe limited to a particularseason(e.g.,summer)if the
intent isto representworst-caseconditionsor focuson particularimpacts(e.g.,
oysterreproduction),or it couldbe anannualaveragefecognizinghat impacts
on different speciesand systemsccurthroughoutthe year.In either case,
averagingshouldaccountfor variationsin samplingfrequency(i.e.,twice as
often duringsummer).

1 If presentingspatialaveragesdeterminethe mostscientificallydefensible
approachto aggregatepoint data spatially. Themostappropriateapproach
dependson the samplingdensityandthe variablein question.Forsome
variablesaggregationhavebeendevelopedand publishedbasedon
interpolationtools suchasthe Chesapeak8aylnterpolator. Forothers,
analysesdavebeenpublishedbasedon areaweightedaverageof the Bay
segmentghat correspad to eachsamplingsite. pHmayrequire special
considerationbecausadt ismeasuredon a logarithmicscale soit cannotsimply
be aggregatedy arithmeticaveragingechniques.

1 Publishmethodsin peerreviewedliterature if they representa novelapproach.

Skills or resources Expertise in acidity data and spatial aggregation metihddsely available from
needed, and what experts at the CBPO and partner agencies.

individuals or

organizations have this

capacity

Aol ERTEiEhEs | Within 1 year.

=gt fileielglieleisic | Internal cost: 100+ staff hours.

Phase 2: Aragonite Saturation State (Optional Enhancement)

Aol dpeclelse Develop temporal aggregation approach. Develop spatial aggregation approg
sampling density is sufficient to allcaggregation. Publish methods in peer
reviewed literature if they represent a novel approach.

Skills or resources Expertise in acidity data and spatial aggregation metihddsely availabldrom
needed, and what experts at the CBPO and partner agencies.

individuals or

organizations have this

capacity
AeallevElERinEiEnisE] 1 If usingexistingdatacollectionprogram:within 1 year.
1 If requiringmore datacollection:>5years.

=5l jehlseesis ] Internal cost: 100+ staff hours.

Stage 4: Data Procesgin

| | Status:Data have not yet been processed to create an indicator. |
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Data Processing Information

Data cannot be processed until methods are established.

Additional Needs

Al el === Apply temporal and spatial aggregation methods to the endiataset; repeat for
future years.

Skills or resources GIS skills and software; possibly familiarity with interpolation tools for the
needed, and what Chesapeake Bay. CBPO staff or contractors can prdvglsupport.

individuals or

organizations have this
capacity

AplEVERI RSl pHdata: within 1 year.

9 Enhancemenif usingexistingdata collectionprogram:within 1 year.
1 Enhancemenif requiring more datacollection:>5years.

9 Futureprocessingrepeatedannually.

Estimated ugfront cost [iIz]»3
Estimated annual TBD.
maintenance cost

Stage 5: Indicator Development

This stage involves turning the processed data into an indicator. It also requires complete technical
R20dzySydtrdAaz2zy Ay GKS /.tQa adlyRINR F2NXYI o

| | Status:Indicator not developed yet |

Indicator Information

An indicator cannot be created until all previous stages of development are completed.

Additional Needs

Al el dglsizie s Create summary graphics and GiBEnat technical documentation for the
proposed first iteration oftis indicator, based on pH. Maintain in the future. Ac
data and documentation for enhanced version when it is ready.

Skills or resources Familiarity with the data and methods. CBPO stafif geovide this support.
needed, and what

individuals or
organizations have this
capacity

37 Incremental cost beyond work that is already being performéd diata processingrogram is already in place and fully
funded for the foreseeable future, thfgeld should indicate a cost of zero.

Climate Change Indicator Implementation StgpteRevised July 13, 2018 73



AelEvEllERTnEiehEs | Initial indicator likely within 1 year; enhanced component in 1 to 2 years if bag
on existing data collection, or >5 years if based on an expanded data collectiq
effort .

TBD.

TBD.

Estimated ugront cost

Estimated annual
maintenance cost
Final reviews or
approvals needed

TBD.

Summary of Actions and Anticipated Costs

In the table below, action items pertaining to the initial phase that has been proposed for this indicator
tracking changes of statiespecific or Baywide p F NB y23G SR a4 daNBIjdzA NEBR®E CdzNIi
additional acidification metrics, suchagz | NB y20SR & G2LIA2ylfé& o06SOIdzas
would strengthen the indicator, but are not pivotal for publishing the initial version.

Who has capacity Required or

Timeframe

to do optional°
Phase 1pH
Determineappropriate 100+ staff CBPO staff and
aggregation approach; 3 hours Within 1 year artner agencies Required
publish if needed P g
Apply methods to entire CBPO staff or
dStF;Zet 4 TBD Within 1 year | contractor with Required
GIS capabilities
Create initial indiator, | g TBD Within 1 year | CBPO staff Required
including documentation
Repeat data processing in Repeat CBPO staff or
futlE)re ears P 9N 4 TBD/yr anr?uall contractor with Required
y y GIS capabilities
Update indicator in future Repeat :
years 5 TBDl/yr annually CBPOtsff Required
Phase 2: Aragonite Saturation or Other Enhanced Metric
Determine what variable
to use and whether CBPO staff and :
L2 None 1 to 2 years Optional
expanded data collection i state partners
needed
. . Organizations that
Expand data collection 5 TBD Likely moe conduct longterm | Optional
program than 5 years .
monitoring

38 Incremental cost beyond work that édready being performedf &n indicator has already been developed and a program
is in place to maintain it for the foreseeable fututhisfield should indicate a cost of zero.

39 An action is required if it is pivotal to developing or maintaining aicatdr. Some actions may be considered optional if

they represent more of an enhancement or expansion to an indicator. In some cases, optional actions could include steps to
transform a relatively weak or oadimensional indicator that is available in teeort-term into a more robust indicator in

the longer term.
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Determine appropriate

Timeframe

1 to 2 years for
existing data;
more than 5

Who has capacity

to do

Required or

optional °

Gt KRea S02YLRY

. i 100+ staff . CBPO statind .
aggregation approach; hours years if partner agencies Optional
publish if needed depending on

expanded data
collection
1 to 2 years for
existing data;
Apply methods to entire more t_han 5 CBPO staff or .
TBD years if contractor with Optional
dataset . s
depending on | GIS capabilities
expanded data
collection
1 to 2 years for
existing data;
Create revised indicator more t_han 5 .
. . Y TBD years if CBPO staff Optional
including @bcumentation .
depending on
expanded data
collection
. Organizations that
Contln_u e expanded data TBD/yr Repeat conduct longterm | Optional
collection annually L
monitoring
Repeatdata processing in Repeat CBPO staff or .
future years TBD/yr annually contractor Y\.Ilj[h Optional
GIS capabilities
Update indicator in future TBD/yr Repeat CBPO staff Optional
years annually
TotaIAone-time cost ﬁgg:rss;ﬁr;
ONBIjdzA NBR at "
component) additional
costs TBD
Total annual cost
ONBIljdzA NBR a4t TBD/yr
component)
Total onetime cost a ﬁgg:rss;ﬁr;
(optionald t K Réa S »
component) additional
costs TBD
Total annual cosfoptional TBDyr
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10. Bay Water Temperature

\Y Stage 1: Indicator defined
\Y Stage 2: Data collection program in place
partial Stage 3: Methods developed/selected to transform data into an indicg

not completed | Stage 4: Data processed
not campleted | Stage 5: Indicator developed for the Chesapeake

Indicator value:

1 Thewatertemperatureof the Chesapeak8ayhasfar-rangingimpacts,whichtouchon four of the goals
identifiedin the Chesapeak8ayWatershedAgreement,jncludingVital Habitats SustainableFisheries
Water Quality, and ClimateResiliency

1 Thewatertemperatureof the Chesapeak8ayhasnumerousimplicationsfor marineecosystems.
Warmertemperatureslower the ability for water to carrydissolvedoxygenanddecreasearagonite
saturation, while alsocontributingto conditionsthat supportharmful algalblooms.Higher
temperatures,andthe conditionsthey promote, canstressaquaticecosystemsy makingthem less
hospitablefor certainspeciesor by upsettingthe competitivebalancebetweenspecies.

1 Theimpactson ecosystembroughtabout by warmerwater temperaturescouldleadto economic
impactsby influencingdfishing/crabbingandrecreationin the Bay.

Relationship to other indicators in the proposed suite:
9 Air temperature isthe primarydriver of Baywater temperatures.Sream temperaturesalsoplayarole,
astheyrelate to the temperatureof water that flowsinto the Bay.
1 Theeffect of Baywater temperaturescanbe reflectedin the frequencyandextent of harmful algal
blooms, submergedaquaticvegetationcomposition andfish population distributions.

Notable opportunities, riskand areas for enhancement:

1 Metric #1 of this proposedindicatortakesadvantageof an ongoingNOAAprojectto developa remotely
sensedestuarinesurfacewater temperatureproduct. However the currentdatasetis relativelyrecent,
it only coversa portion of the Bay,and peerreviewvalidationis pending.Continueddevelopmentof the
remote sensingproductandexpansiorto coverthe entire Baywould enhancethis indicator.

1 Metric #2 of this proposedindicator providesa complementaryapproachto examinelongerterm
trendsoveralargerarea.

Stage 1: Indicator and Metric Definition

Status:Indicator and its metrics have been defined. |

Indicator Desription

This indicator will comprise two metrics that characterize how Bay surface water temperatures have changed
over the recent past:

1 Thefirst metric will usesatellitedatato presentastaticmapthat showswater temperaturetrendsover
the period of record,spatiallyaveragedover 1-km grid cells.Thecolor of eachgrid cellon the map
correspondo either the long-term rate of changeor the total change(e.g.,regressiorslopemultiplied
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by the numberof years).Thusfar, the remote sensingnethod correlateswell with in situ measurements
from 2007to presentfor the southernportion of the Bay.Althoughthesedataare only availablefor
aboutadecade andthey do not yet coverthe whole Bay,the highspatialandtemporalresolutionand
the prospect for continueddata collectionprovidesignificantvaluein offeringinsightto Baywater
temperaturesof the recentpast.

1 Thesecondmetric integratesapproximatelyl50in situ samplingsitesthroughoutthe Bayandits tidal
tributaries. Thisdatasetconsistsof recordsfrom 1984to the present,collectedthrougha standardized
long-term monitoring program.Theindicatordevelopmentteam canchoosewhetherto interpolatethe
stationsinto a singleBaywide trend (e.g.,aline graph)or calculatesite-specificwater temperature
trendsfor eachof the samplingocations(map).

Due to their differing data collection methods, when taken together, these two metrics will offer multiple lines
of evidence regarding the changing temperature regime in the Bay.

Sme endusers may find it particularly valuable to have a single number that represents the water temperature
of the Bay at a glance, rather than getting bogged down in large spatial datasets. If spatial aggregation of either

of the metrics described aboymoves to be problematic, another option would be to select one location for a
longterm metric.

Additional Needs

No furtherwork needed to define this indicator.

Stage 2: Data Collection

Status:Data collection program in place. |

Data Source Inforation

Metric #1: Remotelysensed data

Dataset Daily remotelysensed Bay water temperature.

Source description Daily water temperature measurements obtained by satellite and averaged by
km grid cells.
Organization that NOAA NationaEnvironmental Satellite, Data, and Information Service (NESDI
collects the data
Data source contact Ron Vogel, NOAAgnald.vogel@noaa.gov
el ERbesE il | Despite the relatively short temporal coverage, this soyrassesses high spatial
and temporal resolution, as well as robust scientific methods. In addition, NO
has indicated that retroactive expansion of the dataset back to 2002 might be
possible. Satellite data can be compared vifitisitupoint data to confim data
quality.
Temporal coverage 2007cpresent.
Frequency Data collected several times per day and rolled up into daily means.
Spatial coverage Global (but only the southern Chesapeake Bay has been validated for this pry
Spatial’scale/resolution e ie|ile K=l
Access to data https://eastcoast.coastwatch.noaa.gov/time_series cd.php
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Metric #2:1n situdata

Dataset Monthly in situBay water temperature.

Souce description Repeatedn situsampling atesignated longerm monitoringsites; samples
collected from shore, structures (e.g., bridges), or bo'ater temperature is
part of the standard suite of water quality parameters.

Organization that MarylandDNR and VIMS (with some data collectedby Dominion University
collectsthe data VirginiaDEQ, et al;)all organizations use consistent methods.

Data source contact None identified

sElapEl EhesE vl | Longest record of data collected throughdhe Bay using consistent methods.
Temporal coverage Mid-1984 to present.

Frequency Monthly; twice a month fromJuneto Sepember.

Spatial coverage Approximately 150 sites spread throughout the mainstem Bay and tidal
tributaries.

SeeelbseElEEEb)T Y Data for individual sites.

Access to data http://datahub.chesapeakebay.net/

Several other organizations and networks collect water temperature data in the Chesapeake Bay. Many of these
other source offer highquality data, but this implementation plan focuses on a smaller number of sources
(described above) that arguably provide the strongest combination of spatial and temporal coverage. A key goal
of this effort is to propose an indicator that che constructed and kept up to date with limited resources,

which means it is useful to minimize the number of discrete data sources that need to be tracked and combined.

Other sources considered for this indicator include (but are not limited to):

1 TheChesapeakeBaylinterpretive BuoySystem(CBIBS)CBIB®as10 buoyslocatedthroughoutthe Bay
andkeytributaries.All 10 buoyshavebeenin placesince2010.With continuousdata collection,CBIBS
providesrich temporalresolution,but it doesnot provide nearlyasmanysitesor nearlyasmanyyears
of dataasthe 1984;presentlongterm monitoring programthat hasbeenrecommendedor this
indicator.Also,somestationsdo not collectdatayearround. CBIB®latacouldaddvaluein other ways,
thought perhaps asasupplementarysourcefor afuture expansiorof this indicator,or for calibrationto
helpwith further refinementof satellite datamethods.

91 Datafrom long-runningindividual sitessuchasthe CBLPierat Solomonslslandandthe VIMSpier at
Glouceser Point. Thesesitesarefrequentlycited, andthey havea notableadvantageoverthe CBP
long-term monitoring programin length of record. CBLhascollecteddatasince1938;the VIMSpier
datasetextendsbackto the 1950s.Theydo not providethe extensve spatialcoverageof the longterm
monitoring programor the satellite-baseddataset,sothey havenot beensuggestedor this indicator.
However if a needarisesfor a metric basedon a singlesite, theselocationscouldbe strongcandidates.

1 Thebuoy at the ThomasPointlighthouse. ThomasPointhascontinuousdatacollectionbackto at least
1985,andits recordhasbeenextensivelystudiedandgapfilled. Measureddataare readilyavailable,
but the full gapfilled seriesis not. Whilethis site hasthe advantageof hightemporalresolution,it does
not offer more yearsof datathan the long-term monitoringnetwork, andit only coversone location.
However it couldaddvalueasa standardfor calibrationandassessmendf variability. Theteam that
developedthe satellite-baseddatasethasproposedto useThomasPointdatato test the robustnessof
trendsderivedfrom both the satellite-basedproductandthe CBHong-term monitoring network.

Another option would be to expand this indicator to inclunetom water temperature. Bottom temperature is
important for many aquatic species and could provide a useful complement to the surface temperature metrics
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