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Introduction  
 

Project Purpose and Background 

In 2016, the Chesapeake Bay Program Office (CBPO) began an effort to identify a suite of indicators that can be 
ǳǎŜŘ ǘƻ ǘǊŀŎƪ ŀƴŘ ŀƴŀƭȅȊŜ ǘǊŜƴŘǎΣ ƛƳǇŀŎǘǎΣ ŀƴŘ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘǎ ŀŘǾŀƴŎƛƴƎ άŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎȅΦέ The chief aim of 
this initiative is to track progress toward the climate resiliency goal and outcomes in the 2014 Watershed 
Agreement: 

¶ Goal: Increase the resiliency of the Chesapeake Bay watershed, including its living resources, habitats, 
public infrastructure, and communities, to withstand adverse impacts from changing environmental and 
climate conditions. 

o Monitoring and Assessment outcome: Continually 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 and protection policies, programs and projects. 

o 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, more intense and more frequent storms and sea-level rise. 

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

¶ Indicators of physical climate trends based on measurements of physical or chemical attributes of the 
environment. 

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

¶ Indicators of programmatic progress toward resilience that quantify resilience or show evidence of 
learning or adaptation over time. Resilience is the ability to anticipate, prepare for, and adapt to 
changing conditions and to withstand, respond to, and recover rapidly from disruptions. Responses 
include management actions such as designating wetland migration corridors, as well as physical actions 
such as constructing living shorelines in place of hard shoreline structures (e.g., bulkheads) 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 
climate-related issues, yet small enough 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 Is an Indicator? 

{ŎƛŜƴǘƛǎǘǎ ŀƴŘ ǇƻƭƛŎȅƳŀƪŜǊǎ ŘŜŦƛƴŜ ǘƘŜ ǘŜǊƳ άƛƴŘƛŎŀǘƻǊέ ƛƴ ǾŀǊƛƻǳǎ ǿŀȅǎΦ CƻǊ ǘƘŜ ǎŀƪŜ ƻŦ ŜǎǘŀōƭƛǎƘƛƴƎ ŎƻƳƳƻƴ 
nomenclature, this project defines an indicator as follows: 

¶ An indicator presents one or more numerical values derived from actual measurements 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 a desirable state or condition. 

¶ An indicator as defined here may consist of multiple metrics. In some cases, underlying metrics may be 
aggregated to create a multi-metric indexτfor example, an index of biological integrity, which combines 
several distinct measurements into a single 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 or more distinct maps 
or graphs. This is especially true in cases where the variables are not easily combined, or where they 
ǇǊƻǾƛŘŜ ƳƻǊŜ ŜȄǇƭŀƴŀǘƻǊȅ ǾŀƭǳŜ ƻƴ ǘƘŜƛǊ ƻǿƴΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ǇǊƻǇƻǎŜŘ άǇǊŜŎƛǇƛǘŀǘƛƻƴέ ƛƴŘƛŎŀǘƻǊ ŎƻǳƭŘ 
have one metric that tracks total annual 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 Workgroup (CRWG) and 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 or 
in the future 

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

Spatial coverage The indicator provides information that is specific to the Chesapeake Bay, the 
Chesapeake Bay watershed, or geographic sub-units within the watershed.  

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

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

Credible methods The indicator is based on sound data collection and analytical methods that 
reflect the state of the science. 

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

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

Uncertainty Sources of uncertainty are known and understood. 
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Criterion Definition 

Transparency and 
reproducibility 

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

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

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

нΦ ά5ŜǎƛǊŀōƭŜέ Řŀǘŀ ǉǳŀƭƛǘy considerations to help select the best data source or metric for a given topic, if 
multiple sources are available 

Relationship to other 
indicators 

The ideal indicator will complement other indicators rather than duplicating 
them. It fills a vital role in the organizational framework. Where possible, an 
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 major 
tributaries or throughout the watershed, as opposed to indicators that are 
only measured at a few locations. 

Spatial resolution The ideal indicator will provide at least a total or an average for the Bay, the 
watershed, or the individual states that are part of the watershed. Where 
possible, the ideal indicator will support local-scale analysis by providing data 
that are downscaled furtherτfor example, data for individual sampling sites, 
sub-watersheds (e.g., HUC-12), NOAA climate divisions (up to 10 per state), 
or a gridded map. 

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

Temporal resolution The ideal indicator will have data with at least annual frequency, with sub-
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 methods 
that are comparable across time and space. In some cases, it may be 
appropriate to use data that were collected or analyzed using multiple 
methodsτfor example, supplementing short-term records with longer-term 



 

Climate Change Indicator Implementation Strategy: Revised July 13, 2018 6 

 

Criterion Definition 

records from a different source. In such cases, the data visualization should 
distinguish between the different sources, such as by inserting a discontinuity 
in a time series or plotting multiple lines on a graph. The CBNERR indicators 
by UMCES and Chesapeake Data provide a good example of this approach. 

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

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

Understandability The ideal indicator will provide a clear depiction of observations that can be 
understood by both technical and non-technical users. 

3. ά±ŀƭǳŜ-ŀŘŘŜŘέ ŎǊƛǘŜǊƛŀ ǘƻ ǇǊƛƻǊƛǘƛȊŜ ƛƴŘƛŎŀǘƻǊǎ ǘƘŀǘ ǿƛƭƭ ǇǊƻǾƛŘŜ ǘƘŜ Ƴƻǎǘ ǊŜƭŜǾŀƴǘ ŀƴŘ ǳǎŜŦǳƭ ƛƴŦƻǊƳŀǘƛƻƴ 
for the CBPO and its mission 

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

Significance of consequences How significant are the consequences for society or ecosystems? One could 
think about consequences 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 suggested indicators that involve 
adaptation actions, one could consider the consequences if such actions are 
not taken.  

Significant advancement in 
our understanding of climate 

Would an indicator on this topic significantly advance the scientific and policy 
ŎƻƳƳǳƴƛǘȅΩs understanding of climate change, impacts, and resiliency in the 
Chesapeake watershed? In other words, would this indicator reveal 
ǎƻƳŜǘƘƛƴƎ ƛƳǇƻǊǘŀƴǘ ǘƘŀǘ ǿŜ ŘƻƴΩǘ ŀƭǊŜŀŘȅ ƪƴƻǿ ƻǊ ǿŜ ŀǊŜƴΩǘ ŀƭǊŜŀŘȅ 
tracking? 

Known new need Would an indicator on this topic 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 the CRWG and the 
Chesapeake Bay Program could reasonably expect to be able to influence 
through management actions? 

Relevance to climate 
resiliency goal and outcomes 

¢Ƙƛǎ ŎǊƛǘŜǊƛƻƴ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ǎǘǊŜƴƎǘƘ ƻŦ ŜŀŎƘ ǘƻǇƛŎΩǎ ŎƻƴƴŜŎǘƛƻƴ ǘƻ ŎƭƛƳŀǘŜ 
change. For physical measures and impacts, one can focus on the extent to 
which climate change is a key stressor that will drive any apparent trends in 
the indicator, as opposed to situations where climate change is just one of 
many factors. For resilience indicators, to what extent will each attribute or 
action convey resilience against 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 described 
above (physical measures, impacts, and resilience), but recognize that some 
indicators straddle bins. 

Balance of tidal and 
nontidal/watershed-wide 

Aim for no more than 2/3 tidal or 2/3 nontidal. 

Balance of ecological and 
societal/human concerns 

The climate resiliency goal and outcomes refer to living resources, habitats, 
and ecosystems, although workgoup members suggested a focus on 
societal/human issues as well. 

Balance between breadth 
(diversity) and depth 
όŎƻƴƴŜŎǘƛƻƴǎ ƻǊ άǘƘǊŜŀŘǎέύ 

Cover all key climate change stressors on the Chesapeake region 
(temperature, precipitation, sea level, acidity); cover many types of systems 
and issues; avoid duplication; and include some indicators that have causal 
linkages and work together to tell a story, particularly across the three bins. 

 

These criteria were designed to focus on indicators that will be 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 also relevant to a public audience.  

About This Implementation Plan 

ERG developed this implementation plan to fulfill the following objectives: 

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

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

¶ For each step in the process, identify likely 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 stages of indicator development: 

1. Defining the indicator 
2. Collecting data 
3. Developing methods to transform the data into an indicator 
4. Processing the data 
5. Developing a final indicator for the Chesapeake region 

Timeframes and costs have been estimated 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 order of magnitude of the effort required. In 
some cases, information was insufficient to allow even a ballpark estimate to be generated, due to uncertainties 
in precursor stages of indicator development that have yet to be completed. These instances are noted as 
ά¢.5Φέ 

This plan focuses on incremental costsτthat is, costs for additional tasks that are not already covered (and 
ŦǳƴŘŜŘύ ŀǎ ǇŀǊǘ ƻŦ ǎƻƳŜƻƴŜΩǎ Ƨƻō ŘǳǘƛŜǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ƛŦ ŀ ǇǊƻǇƻǎŜŘ ƛƴŘƛŎŀǘƻǊ ǊŜƭƛŜǎ ƻƴ Řŀǘŀ ǘƘŀǘ ŀǊŜ ŀƭǊŜŀŘȅ 
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being collected, and funding for 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. For substantial 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 and disseminate 
communication products such as web graphics, maps, or summary text.  

Next Steps 

¢Ƙƛǎ Ǉƭŀƴ ƛǎ ƴƻǘ ǎŜǘ ƛƴ ǎǘƻƴŜΦ wŀǘƘŜǊΣ ƛǘ ƛǎ ŀ άƭƛǾƛƴƎέ ŘƻŎǳƳŜƴǘΣ ƛƴǘŜƴŘŜŘ ǘƻ ǇǊƻǾƛŘŜ ƎǳƛŘŀƴŎŜ ŀƴŘ ƛŘŜŀǎ ŀǎ ŀ 
starting point for further discussion, development, and engagement 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 the indicators are 
constructed.  

From the outset, this project was intended to be the first step in a process to develop a suite of indicators, to be 
ƛƳǇƭŜƳŜƴǘŜŘ ƻǾŜǊ ǘƛƳŜΣ ǘƻ ƳŜŀǎǳǊŜ ŀƴŘ ŀǎǎŜǎǎ ǘǊŜƴŘǎ ƻǊ άŦŀŎǘƻǊǎ ƛƴŦƭǳŜƴŎƛƴƎέ όƛΦŜΦΣ ǇƘȅǎƛŎŀƭ ŎƭƛƳŀǘŜ ŘǊƛǾŜǊǎύΤ 
ecological 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 deliver them to the CRWG for review and approval. This subset will 
likely include some of the following indicators: Air Temperature, Coastal Flooding, Precipitation, Protected 
Lands, Restored Habitat, Sea Level Change, Stream Temperature, and Upstream Flooding. However, for those 
ƛƴŘƛŎŀǘƻǊǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǇǊƻǇƻǎŜŘ ǳǎƛƴƎ ŀƴƻǘƘŜǊ ŀƎŜƴŎȅΩǎ Řŀǘŀ ƻǊ ƛƴŘƛŎŀǘƻǊ ǇǊƻŘǳŎǘǎ ŀǎ ŀ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘ όƛƴ 
ǇŀǊǘƛŎǳƭŀǊΣ ǘƘŜ ¦Φ{Φ 9t!Ωǎ ƴŀǘƛƻƴŀƭ-scale indicators of climate change), no development will take place until 
proper arrangements have 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 indicators, but CRWG priorities and available 
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 
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Group A: Chesapeake indicator already exists 

Protected Lands Resilience or response V V V V V 
Restored Habitat Resilience or response V V V V V 
Group B: Existing national indicator just needs to be clipped or cropped 

Air Temperature Physical stressors V V V V  

Coastal Flooding Impacts V V V V  

Precipitation Physical stressors V V V V  

Sea Level Change Physical stressors V V V V  

Stream Water 
Temperature 

Physical stressors V partial V V  

Upstream Flooding Impacts V V V V  

Group C: Indicator defined, but need to process data and develop indicator 

Acidification Physical stressors V V    

Bay Water Temperature Physical stressors V V partial   

Harmful Algal Blooms Impacts V V V partial partial 

Property at Risk or 
Damaged 

Impacts partial V    

Urban Tree Canopy Resilience or response V V    

Wetland Extent and 
Physical Buffering 
Capacity 

Impacts V partial partial   

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

Bird Species Ranges Impacts  V    

BMPs and Green 
Infrastructure 

Resilience or response      

Land Use/Land Cover Resilience or response  V    

Shoreline Condition Resilience or response  V    

Wetland Migration 
Corridors 

Resilience or response  V    

Group E: Could require a new data collection program 

Fish Population 
Distribution 

Impacts / resilience or 
response 

     

Submerged Aquatic 
Vegetation Composition 

Impacts / resilience or 
response 
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Master Timeline and Summary of Costs 

This implementation plan provides an itemized list of steps required to publish each of the proposed indicators, 
along with detailed estimates (to the extent possible) of anticipated costs and timeframes. The table below 
summarizes these key steps, costs, and timeframes at a glance. For ease of comparison, anticipated costs and 
timeframes are defined in this summary table according to the following categories: 
 
Anticipated cost: 

¶ Low: $1ς$10,000 /  1ς100 staff hours 

¶ Moderate: $10,000ς$50,000 /  100ς500 hours 

¶ High: $50,000+ /  500+ hours 

Anticipated timeframe: 

¶ Short-term: can be achieved within 1 year    

¶ Medium-term: 1 to 5 years 

¶ Long-term: more than 5 years

Note that the table presented here focuses only on the steps to bring an indicator online in its initial form. For 
several indicators, the implementation plan describes staged additions and optional enhancements that will 
likely require additional time and resources. These additional resource requirements are not summarized below, 
but can be assessed by reviewing the detailed indicator-specific sections later in this document. 
 
The table below provides anticipated costs for developing each indicator. These are incremental costs beyond 
initiatives that are already funded. Resource planning should also consider the ongoing cost to maintain each 
indicator with current data. In most cases, our initial assessment is that maintenance costs will be in the άlowέ 
range once the data processing routine is operationalized. The exception would be any case where a new data 
collection or processing program is created for the primary purpose of informing one of these indicators. 
Operational costs of such a program will have to be considered case by case when more information is available.  
 

Indicator 
Anticipated 

cost 
Anticipated 
timeframe 

Work needed to 
create initial indicator 

Optional additions and 
enhancements 

Group A: Chesapeake indicator already exists 

Protected Lands None Short-term None 

Standardize reporting; 
calculate change; add 
conservation value and 
quality of protection 

Restored Habitat None Short-term None N/A 

Group B: Existing national indicator just needs to be clipped or cropped 

Air Temperature Low Short-term 
Crop and process EPAΩs 
datasets; acquire άTropical 
Nightsέ data 

N/A 

Coastal Flooding Low Short-term 
Crop and process EPA's 
dataset 

N/A 

Precipitation Low Short-term 
Crop and process EPA's 
annual precipitation 
dataset 

Work with NOAAΩs 
forthcoming 
downscaled heavy 
precipitation dataset 

Sea Level Change Low Short-term 
Crop and process EPA's 
dataset 

N/A 

Stream Water 
Temperature 

Low Medium-term 
Crop and process EPA's 
dataset upon update from 
USGS 

N/A 
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Indicator 
Anticipated 

cost 
Anticipated 
timeframe 

Work needed to 
create initial indicator 

Optional additions and 
enhancements 

Upstream Flooding Low Short-term 
Crop and process EPA's 
dataset 

N/A 

Group C: Indicator defined, but need to process data and develop indicator 

Acidification Low Short-term 
Determine approach for 
presenting pH; process 
data 

Add enhanced metric, 
such as aragonite 
saturation 

Bay Water 
Temperature 

Moderate Short-term 
Develop methods for one 
dataset; process data for 
two datasets 

Expand to entire Bay 
and tributaries 

Harmful Algal 
Blooms 

TBD Short-term 
Establish program to 
resume data processing; 
process data 

Various methodology 
and data collection 
enhancements 

Property at Risk or 
Damaged 

High Long-term 
Select data; digitize data; 
develop methods; process 
data 

Better define 
classifications; develop 
valuation methodology 

Urban Tree Canopy TBD Short-term 
Compile data; publish 
methods; process data for 
indicator  

N/A 

Wetland Extent and 
Physical Buffering 
Capacity 

Medium Short-term 
Select and process wetland 
extent data 

Incorporate higher-
resolution data; develop 
and apply methods for 
physical buffering 
capacity 

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

Bird Species Ranges Medium Medium-term 
Define indicator; publish 
methods; process data 

Incorporate additional 
data sources 

BMPs and Green 
Infrastructure 

High Medium-term 
Define indicator; collect 
data if needed; publish 
methods; process data 

Consider expanding 
beyond stormwater 

Land Use/Land 
Cover 

Medium Short-term 
Select data; develop 
methods; process data 

N/A 

Shoreline Condition High Medium-term 
Define indicator; publish 
methods; process data 

N/A 

Wetland Migration 
Corridors 

High Medium-term 
Define indicator; select 
data; publish methods; 
process data 

N/A 

Group E: Could require a new data collection program 

Fish Population 
Distribution 

High Long-term 

Define indicator; establish 
data collection program; 
publish methods; process 
data 

N/A 

Submerged Aquatic 
Vegetation 
Composition 

Medium Medium-term 

Define indicator; establish 
data collection program; 
publish methods; process 
data  

N/A 
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Suggested Priorities 

The proposed indicators have been divided into five groups based on the expected level of effort to develop 
ǘƘŜƳΦ DǊƻǳǇǎ ! ŀƴŘ . ǊŜǇǊŜǎŜƴǘ ǘƘŜ άƭƻǿ-ƘŀƴƎƛƴƎ ŦǊǳƛǘέτeight indicators that would be easy to develop. Given 
that they have all been ranked as high-priority 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 to proceed with additional indicators 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. Indicators in this category include (but are not limited to) 
Bay Water Temperature and Urban Tree Canopy. 
 
Otherwise, this plan defers to the CRWG for prioritization among the Group C, D, and E indicators. Decisions will 
undoubtedly depend on a variety of factors, including the interests of group members and stakeholders, the 
importance of filling particular gaps, and the availability of short- and long-term funding. 
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1. Protected Lands 
 

Indicator at a Glance 

V Stage 1: Indicator defined 

V Stage 2: Data collection program in place 

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

V Stage 4: Data processed 

V Stage 5: Indicator developed for the Chesapeake 

 
Indicator value: 

¶ Protecting land in an undeveloped state can help to mitigate some of the impacts of climate change. 
Compared with developed land, more natural landscapes can offer refugia for species, buffers against 
flooding and sea level rise, and other valuable ecological services.  

¶ Given the wide scope of ecosystem services provided by protected lands, this indicator relates to many 
of the goals and outcomes of the Watershed Agreement, including: 

o The Climate Resiliency goal and outcomes, as described above. 
o The Land Conservation goal and outcomes, which include targets for protecting more land. 
o The Vital Habitats goal and outcomes, by providing a way to quantify habitat protection.   
o The Healthy Watersheds, Water Quality, and Sustainable Fisheries goals and outcomes, as 

protected lands provide ecosystem services in support of these objectives.  

Relationship to other indicators in the proposed suite: 

¶ Land protection can reduce conversion to different land use or land cover types, as measured by the 
proposed land use and land cover indicator. 

¶ Protection of wetlands helps to maintain wetland extent and physical buffering capacity. 

¶ Development restrictions can influence the extent of living vs. hardened shorelines. 

¶ Protected status is an important aspect of designating effective wetland migration corridors. 

¶ Protecting land in the watershed can help to manage upstream flooding, protecting coastal wetlands 
can manage the extent and severity of coastal flooding, and these indicators ultimately drive the 
amount of property at risk or damaged. 

¶ Increasing the amount of protected land can help to control nutrient runoff that contributes to harmful 
algal blooms. 

Notable opportunities, risks, and areas for enhancement: 

¶ The proposed indicator is built on the existing protected lands indicator used by the Chesapeake Bay 
Program (CBP). 

¶ If the CBP indicator is used, it is limited in its ability to compare data over time, due to variations in data 
reporting procedures. However, efforts to standardize ƧǳǊƛǎŘƛŎǘƛƻƴǎΩ reporting format are underway.1 

¶ Two optional enhancements could add more of a climate resiliency context to this indicator: 
o Consider evaluating the value of protected lands in terms of habitat value or conservation 

potential, using existing datasets like The Nature /ƻƴǎŜǊǾŀƴŎȅΩǎ ό¢b/Ωǎύ Priority Areas for 
Conservation dataset. Using a high-resolution land cover dataset as an overlay would allow the 
CBP to compare the location of protected areas against the location of priority land cover 
typesτfor example, areas of high-value intact forests. Such an enhancement would allow the 

                                                           
1 See discussion on the adoption of PAD_US data standards at 
https://www.chesapeakebay.net/documents/22065/5_protected_lands_public_3-13-15.pdf. 

https://www.chesapeakebay.net/documents/22065/5_protected_lands_public_3-13-15.pdf
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protected lands indicator to inform other climate-related indicators, including wetland 
migration corridors. 

o Design the indicator to differentiate between various levels of protection (e.g., state park, 
working forest, various types of easements), so as to characterize the quality of protection. 
Stronger, more permanent forms of protection (e.g., land that can never be developed in any 
way) or forms of protection that allow for adaptation to climate change (e.g., wetland 
migration) may confer higher resilience.   

 

Stage 1: Indicator and Metric Definition 

V 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 levels, and for all land ownership types. The CBP currently defines 
άǇǊƻǘŜŎǘŜŘ ƭŀƴŘǎέ ŀǎ ƭŀƴŘǎ ǇŜǊƳŀƴŜƴǘƭȅ ǇǊƻǘŜŎǘŜŘ ŦǊƻƳ ŘŜǾŜƭƻǇƳŜƴǘΣ ōȅ ŜƛǘƘŜǊ ǇǳǊŎƘŀǎŜ ƻǊ ŘƻƴŀǘƛƻƴΣ ǘƘǊƻǳƎƘ 
perpetual conservation or open space easements or fee ownership. Protected lands include: county, town, city, 
state and federal parks; designated open space and recreational land; publicly-owned forests and wetlands; 
privately-owned working farms or forests with conservation easements; historically-important lands; and 
military-owned parks and recreational 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 indicator as currently defined. Additional enhancements would require 
the following work:  
 

Additional work needed   ¶ To evaluate the conservation value of protected lands: Identify dataset(s) that 
ascribe differential value to parcels of land (e.g., priority habitat areas, priority 
conservation lands) and outline a general approach. Consider bh!!Ωǎ general 
principles and approach at: 
https://coast.noaa.gov/applyit/wetlands/prioritize.html, along with the data 
sources described in Stage 2 below. Build on any work that has already been 
done in this areaτfor example, conservation priority mapping done by the 
Cross-Goal Team and the CBPO GIS team. 

¶ To evaluate the quality of protection: Review available data sources, determine 
the extent to which they distinguish between different types of protected land 
(which could require consulting with the jurisdictions that report data), develop 
a list of desired characteristics for protection, and outline a general approach 
and reporting scheme for quantifying the level of protection based on the 
extent to which these desired characteristics are present for a given parcel of 
land. 

¶ For both of these optional components, consider climate resiliencyτi.e., what 
types of protected land and what levels of protection are most important from 
a climate change perspective. In terms of conservation value, providing habitat 
for a species at risk from climate change might be a particularly compelling 
consideration. In terms of quality of protection, a level of protection that 

https://coast.noaa.gov/applyit/wetlands/prioritize.html
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prohibits shoreline armoring or allows for wetland migration might be of 
particular interest.  

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Knowledge of relevant protected land datasets, statues/regulations governing 
different protection types, and programmatic perspective on priorities for land 
conservation. This capacity is likely available from existing workgroups and partner 
agencies. A collaborative process can be facilitated by CBPO staff or a contractor. 
To capitalize on existing efforts, it may be worthwhile to engage with the 
Chesapeake Conservation Partnership, which has worked for many years to map 
priority lands for conservation and identify promising topics for climate-related 
indicators. 

Achievable timeframe Within 1 year. 

Estimated up-front cost ¦Ǉ ǘƻ ϷмлΣллл ƻǊ млл ǎǘŀŦŦ ƘƻǳǊǎ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ άƛƴŘƛŎŀǘƻǊ ŘŜŦƛƴƛǘƛƻƴέ ǇǊƻŎŜǎǎ ŦƻǊ 
the enhancements described here. 

 
 

Stage 2: Data Collection 

V Status: Data collection program in place. 

 

Data Source Information 

Dataset   CBP protected lands dataset. 

Source description Compilation of federal and state mapping layers. 

Organization that 
collects the data 

CPBO collects data from states and USGS Protected Areas Database of the United 
States (PAD-US). Data provided directly from: 

¶ USGS PAD-US (includes National Conservation Easement Dataset) 

¶ Delaware Department of Natural Resources and Environmental Control 
(Division of Fish and Wildlife) 

¶ Freshwater Institute (West Virginia Protected Lands) 

¶ Maryland Department of Natural Resources 

¶ Maryland Department of Planning 

¶ Pennsylvania Bureau of Farmland Preservation 

¶ Pennsylvania Department of Conservation and Natural Resources 

¶ Virginia Department of Conservation and Recreation 

Data source contact Renee Thompson, rthompso@chesapeakebay.net. 

Rationale for selection 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. 

Spatial scale/resolution Generally 1:24,000. 

Access to data Available through the CBPO. 

 
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 protected land layers 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 that LandScope provides on the 
protected status of lands appear to be derived from the USGS PAD-US dataset described above.  

mailto:rthompso@chesapeakebay.net
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The optional enhancements proposed in this plan should be possible to implement using the existing CBP 
protected lands dataset or other data sources that are already available, such as: 

¶ TNC Ecoregions Priority Areas for Conservation (http://maps.tnc.org/gis_data.html) 

¶ Phase 6 Land Use dataset (https://chesapeake.usgs.gov/phase6/map)  

¶ Chesapeake High-Resolution Land Cover Data Project (http://chesapeakeconservancy.org/conservation-
innovation-center/high-resolution-data/land-cover-data-project/), which fed into the Phase 6 Land Use 
dataset 

¶ Conservation value mapping generated under the CBP Protected Lands work 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 
PAD-US 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 climate resiliency indicator effort, so its resource needs are not considered as 
part of this implementation plan.  
 
 

Stage 3: Method Development/Selection 

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

 

Method Information 

Description ¶ Protected lands datasets are collected from jurisdictions and PAD-US and compiled. 

¶ Raw data exist in polygon format; convert to 5-meter raster grid cells. 

¶ Calculate area by ownership type from 5-meter grid cells and aggregate to state level. 

Peer-
review 
status 

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

Citations Chesapeake Bay Program. 2016. Indicator analysis and methods document. 
http://www.chesapeakeprogress.com/files/Analysis_and_Methods_2016_Protected_Lands_02-
06-2017.pdf. 

 

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
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Additional Needs 

Additional work needed   Develop an approach to quantify changes in protected acreage from one time 
interval to the next, which requires distinguishing between previously protected 
and newly protected parcels. This step has already been identified as a potential 
future enhancement to the existing CBP indicator. 
 
To evaluate the conservation value of protected lands: 

¶ Identify priority land cover types on which to focus (e.g., acres of protected 
wetland, acres of protected riparian zone). 

¶ Develop and test methods for overlaying habitat or conservation priority 
datasets and identifying protected areas that intersect with priority areas. 

¶ Consider methods to identify connections between adjacent protected areas 
that could serve as habitat corridors. 

 
To evaluate the quality of protection, develop and test a method for combining 
multiple datasets (as needed), categorizing levels and types of protection, deriving 
ŀ ŎƻƳǇƻǎƛǘŜ άǉǳŀƭƛǘȅέ ǎŎƻǊŜΣ ŀƴŘ ƳŀǇǇƛƴƎ ǘƘŜ ǊŜǎǳƭǘǎΦ !ǎ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΣ ǘƘƛǎ 
approach should consider what attributes of protection are most relevant from 
the perspective of climate resiliency. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Quantification of change will require familiarity with reporting formats and 
coordination with jurisdictional partners. The CBPO, with support from partner 
agencies and contractors, has this capacity. 
 
Adding conservation value and quality of protection will require GIS software and 
skills, along with expertise in working with land cover/land use and ecological 
datasets. CBPO staff or a contractor can provide this support. 

Achievable timeframe Comparison over time TBD; 1 to 2 years for other enhancements. 

Estimated up-front cost Comparison over time is presumably already funded. Adding conservation value 
and quality of protection could require $10,000ς$25,000 if contractor support is 
desired, or 150ς300 staff hours 

 
 

Stage 4: Data Processing 

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

 

Data Processing Information 

Summary of processing 
steps 

Calculate percent of total protected land within each jurisdiction.  

Processing tools and 
skills needed 

Compilation and calculation is performed using GIS software. Final calculations 
and development of charts in Excel.  

Organization that 
processes the data 

CBPO staff. 

Processing contact Renee Thompson, rthompso@chesapeakebay.net. 

Access to processed data Compiled protected lands dataset available from the CBPO. Excel file showing 
calculations posted at: http://www.chesapeakeprogress.com/conserved-
lands/protected-lands. 

mailto:rthompso@chesapeakebay.net
http://www.chesapeakeprogress.com/conserved-lands/protected-lands
http://www.chesapeakeprogress.com/conserved-lands/protected-lands
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Access to processing 
scripts, formulae, etc. 

Available through the CBPO. 

 

Additional Needs 

Additional work needed   Process data for future years, including change over time. Process data for 
optional enhancements. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

GIS software and skills; working knowledge of Excel. CBPO staff have the capacity 
to perform these steps, although a contractor could assist with the optional 
enhancements if it makes sense with available resources. 

Achievable timeframe Routine processing every 2 years; adding change over time TBD; other optional 
enhancements likely achievable in 1 to 2 years. 

Estimated up-front cost Estimated $10,000ς$25,000 or 100ς250 staff hours for optional enhancements. 
 

Estimated annual 
maintenance cost2 

No additional cost to process the existing indicator, assuming the CBPO continues 
to maintain it. Optional enhancements will require additional maintenance; cost 
TBD. 

 
 

Stage 5: Indicator Development 

This stage involves turning the processed data into an indicator. It also requires complete technical 
ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ ǘƘŜ /.tΩǎ ǎǘŀƴŘŀǊŘ ŦƻǊƳŀǘΦ 
 

V Status: Indicator developed for the Chesapeake. 

 

Indicator Information 

Components developed Check all that apply: 
X Graph(s) 
X Map(s) 
X Summary text 
X Technical documentation in CBP format 
X Downloadable data 
 hǘƘŜǊΥ ψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψ 

Organization that 
publishes the indicator 

CBPO. 

Indicator contact Renee Thompson, rthompso@chesapeakebay.net. 

Temporal coverage 2011ς2016. 

Frequency Every 2 years. 

Spatial coverage Chesapeake watershed. 

Spatial scale/resolution Graph shows statewide totals; map at 1:24,000 scale. 

Access to indicator http://www.chesapeakeprogress.com/conserved-lands/protected-lands. 

 

                                                           
2 Incremental cost beyond work that is already being performed. If a data processing program is already in place and fully 
funded for the foreseeable future, this field should indicate a cost of zero. 

mailto:rthompso@chesapeakebay.net
http://www.chesapeakeprogress.com/conserved-lands/protected-lands
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Additional Needs 

Additional work needed   Update existing indicator as new data become available. Add/revise graphics and 
revise the documentation if enhancements are added. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Familiarity with the data and the processing steps; CBPO staff can perform this 
work. 

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

Estimated up-front cost TBD. 

Estimated annual 
maintenance cost3 

TBD. 

Final reviews or 
approvals needed 

TBD. 

 
 

Summary of Actions and Anticipated Costs 

Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?4 

Existing CBP Protected Lands Indicator 

Process data for existing 
indicator in future years 

4 None5 Every 2 years CBPO staff Required 

Update existing indicator 
materials in future years 

5 None4 Every 2 years CBPO staff Required 

Enhancements Already Planned for Existing CBP Protected Lands Indicator 

Standardize reporting 2 None6 TBD 
CBPO staff and 
partner agencies 

Optional 

Develop an approach to 
quantify changes in 
protected acreage over 
time 

3 None5 TBD 
CBPO staff and 
partner agencies 

Optional 

Process change data 4 None5 TBD CBPO staff Optional 

Revise indicator to 
incorporate new 
component(s) 

5 None5 TBD CBPO staff Optional 

                                                           
3 Incremental cost beyond work that is already being performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field should indicate a cost of zero. 

4 An action is 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 likely can continue to be maintained without requiring the 
services of a contractor or other partners.  

6 Enhancements to jurisdictional reporting and determination of change over time have been proposed and presumably 
funded through other mechanisms, so this implementation plan does not add incremental costs for these steps.  
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Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?4 

Enhancements Proposed for Climate Resiliency 

Identify dataset(s) that 
map conservation value 
and/or outline an 
approach to quantify 
quality of protection, both 
in a climate resiliency 
context 

1 
Up to $10,000 
or 100 staff 
hours 

Within 1 year 
CBPO staff or 
contractor 

Optional 

Develop methods to 
quantify conservation 
value and/or quality of 
protection 

3 

$10,000ς
$25,000 or 
150ς300 staff 
hours 

1 to 2 years 
CBPO staff or 
contractor 

Optional 

Process data for these 
climate resiliency 
enhancements 

4 

$10,000ς
$25,000 or 
100ς250 staff 
hours 

1 to 2 years 
CBPO staff or 
contractor 

Optional 

Revise indicator to 
incorporate climate 
resiliency enhancements 

5 TBD 1 to 2 years 
CBPO staff or 
contractor 

Optional 

Process data in future 
years 

4 TBD/yr Every 2 years CBPO staff Optional 

Update indicator materials 
in future years 

5 TBD/yr Every 2 years CBPO staff Optional 

Total one-time cost 
(required components) 

 None    

Total one-time cost 
(optional enhancements) 

 

~$20,000ς
$60,000; 250ς
650 staff 
hours; or some 
combination of 
the two 

   

Total annual cost 
(required components) 

 None    

Total annual cost 
(optional enhancements) 

 TBD/yr    
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2. Restored Habitat  
 

Indicator at a Glance 

V Stage 1: Indicator defined 

V Stage 2: Data collection program in place 

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

V Stage 4: Data processed 

V Stage 5: Indicator developed for the Chesapeake 

 
Indicator value: 

¶ This indicator helps to address the Climate Resiliency goal and outcomes, as acreage of restored habitat 
indicates programmatic progress toward creating more refugia for species that face threats from 
extreme events and changing conditions.  

¶ Oyster reefs promote Water Quality by filtering out pollutants, protect shorelines from erosion, and 
provide food and valuable habitat for other organisms. The Sustainable Fisheries goal and outcomes in 
the 2014 Watershed Agreement include a target for oyster reef restoration.  

¶ Wetlands help to prevent pollution from running off into receiving waterbodies and, ultimately, the Bay; 
slow the erosion of shorelines and protect properties against floods by absorbing stormwater and 
dampening storm surges; provide habitat for wildlife; and support recreation. The Vital Habitats goal 
and outcomes in the Watershed Agreement include targets for creating or reestablishing wetlands and 
enhancing the function of degraded wetlands.  

Relationship to other indicators in the proposed suite: 

¶ Reductions in wetland extent and/or physical buffering capacity, sea level rise, and changes in land 
use/land cover are key drivers of the need for habitat restoration.    

¶ Restored habitat shelters the shoreline of the Bay and its tributaries, thus helping to mitigate coastal 
flooding and upstream flooding and reducing the extent of property at risk or damaged.  

¶ Restored habitat attenuates the effects of changes in precipitation by reducing the quantity and 
improving the quality of runoff to receiving water bodies.  

¶ Habitat restoration can increase the viability of wetland migration corridors, increase the amount 
protected land, and increase the extent of living (rather than hardened) shorelines.  

Notable opportunities, risks, and areas for enhancement: 

¶ The proposed indicator is already maintained and published by the Chesapeake Bay Program (CBP). A 
suite of climate resiliency indicators could simply include a link to this existing indicator. 

¶ This indicator could be enhanced in the future by adding more types of restored habitat in addition to 
oyster beds and wetlands on agricultural lands, or by tracking the extent to which oyster reef restoration 
meets certain success metrics (i.e., metrics that look at whether the restored acreage is being 
maintained or sustained three years and six years after restoration). Such enhancements would require 
further consideration before laying them out as part of an implementation plan. 

 

Stage 1: Indicator and Metric Definition 

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

This indicator identifies the 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). Tributary-specific acreage targets 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 agricultural wetlands 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 envisioned 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 

V Status: Data collection program in place. 

 

Data Source Information 

Dataset   Acreage of restored habitat. 

Source description Oyster reefs: Project partners track the implementation progress of oyster 
restoration in selected tributaries. 
Wetlands: Data are submitted by jurisdictions and incorporated in the 
Chesapeake Bay Program Watershed Model Scenario Input Deck.  

Organization that 
collects the data 

Oyster reefs: Organizations that coordinate restoration projects. 
Wetlands: Individual jurisdictions (states). 

Data source contact Oyster reefs: Maryland and Virginia Oyster Restoration Interagency Teams 
(member organizations listed in the oyster restoration management strategy). 
Wetlands: Jeff Sweeney, CBPO, jsweeney@chesapeakebay.net. 

Rationale for selection Data already approved for use by the Chesapeake Bay Program. 

Temporal coverage Oyster reefs: 2011 to present (monitoring for some locations started later). 
Wetlands: 2009 to present. 

Frequency Data compiled annually. 

Spatial coverage Oyster reefs: Six tributaries have been selected so far and are tracked with this 
indicator: Harris Creek, Little Choptank River, and Tred Avon River in Maryland; 
Piankatank, Lafayette, and Lynnhaven rivers in Virginia. The Great Wicomico and 
lower York Rivers have been preliminarily selected for restoration in Virginia. 
Wetlands: Throughout the Chesapeake Bay Watershed. 

Spatial scale/resolution Oyster reefs: Data are collected for individual restoration project areas. 
Wetlands: Data are collected for each jurisdiction. 

http://www.chesapeakebay.net/documents/22030/1b_oyster_ms_6-24-15_ff_formatted.pdf
mailto:jsweeney@chesapeakebay.net
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Access to data Oyster reefs: The underlying dataset of completed acreage of oyster reefs is not 
compiled in one place on the web, except for the results in the final indicator (see 
Stage 5). 
Wetlands: http://ches.communitymodeling.org/models/CBPhase5/index.php. 

 
A review of other possible data sources did not identify 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 current data collection program continues. 
 
 

Stage 3: Method Development/Selection 

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

 

Method Information 

Description Oyster reefs:  

¶ Acres of constructed and/or seeded oyster reefs are measured by restoration 
partners and reported to the Chesapeake Bay tǊƻƎǊŀƳΩǎ Sustainable Fisheries 
Goal Team each year. 

¶ Project-specific data are aggregated to get total acreage restored for each 
tributary. 

Wetlands:  

¶ Acres of wetlands established, rehabilitated, or reestablished on agricultural 
lands in the Chesapeake Bay watershed are measured. 

¶ Jurisdiction-level data are aggregated to get total acreage of wetlands 
restored watershed-wide. 

¶ Input deck data are developed using jurisdiction submissions and the 
Chesapeake Bay Program Scenario Builder tool. 

Peer-review status Calculations are administrative in nature. Peer-review validation of these methods 
is not required.  

Citations N/A 

 

Additional Needs 

No additional work needed to define methods. 
 
 

Stage 4: Data Processing 

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

 

http://ches.communitymodeling.org/models/CBPhase5/index.php
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Data Processing Information 

Summary of processing 
steps 

Oyster reefs: Collect data from restoration partners. Aggregate data for each 
tributary of interest.   
Wetlands: Collect data from jurisdictions. Aggregate to get total acreage restored 
watershed-wide.  

Processing tools and 
skills needed 

Processing tools and skills can be determined through discussion with CBPO staff. 

Organization that 
processes the data 

CBPO. 

Processing contact Oyster reefs: Bruce Vogt, CBPO, bruce.vogt@noaa.gov. 
Wetlands: Jennifer Greiner, USFWS, jennifer_greiner@fws.gov.  

Access to processed data Oyster reefs: http://www.chesapeakeprogress.com/abundant-life/oysters.  
Wetlands: http://www.chesapeakeprogress.com/abundant-life/wetlands.  

Access to processing 
scripts, formulae, etc. 

Via CBPO. 

 

Additional Needs 

Additional work needed   Process data for future years. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Requires basic Excel skills and relationships with reporting partners and 
jurisdictions to obtain data and troubleshoot if needed. CBPO staff and partners 
have this capacity. 

Achievable timeframe This is ongoing work that is already on an annual maintenance schedule. 

Estimated up-front cost None. 

Estimated annual 
maintenance cost7 

No additional 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 be clipped or cropped to the Chesapeake watershed or similarly appropriate spatial 
ŜȄǘŜƴǘΣ ƛŦ ƴŜŜŘŜŘΦ Lǘ ŀƭǎƻ ǊŜǉǳƛǊŜǎ ŎƻƳǇƭŜǘŜ ǘŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ ǘƘŜ /.tΩǎ ǎǘŀƴŘŀǊŘ ŦƻǊƳŀǘΦ 
 

V Status: Indicator developed for the Chesapeake Bay. 

 

Indicator Information 

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

                                                           
7 Incremental cost beyond work that is already being performed. If data processing program is already in place and fully 
funded for the foreseeable future, this field should indicate a cost of zero. 

mailto:bruce.vogt@noaa.gov
mailto:jennifer_greiner@fws.gov
http://www.chesapeakeprogress.com/abundant-life/oysters
http://www.chesapeakeprogress.com/abundant-life/wetlands
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Components developed Check all that apply: 
X Graph(s) 
X Map(s) 
X Summary text 
X Technical documentation in CBP format 
X Downloadable data 
  hǘƘŜǊ  

Organization that 
publishes the indicator 

CBPO. 

Indicator contact Oyster reefs: Bruce Vogt, Chesapeake Bay Program, bruce.vogt@noaa.gov. 
Wetlands: Jennifer Greiner, USFWS, jennifer_greiner@fws.gov. 

Temporal coverage Oyster reefs: 2016. 
Wetlands: 2010ς2015. (Data through 2017 to be added soon.) 

Frequency Annual. 

Spatial coverage Oyster reefs: Harris Creek, Tred Avon River, Little Choptank River (Maryland); 
Lafayette River (Virginia). (More tributaries to be added as restoration projects 
proceed.) 
Wetlands: Chesapeake watershed. 

Spatial scale/resolution Oyster reefs: Data for each project site. 
Wetlands: Watershed-wide total. 

Access to indicator Oyster reefs: http://www.chesapeakeprogress.com/abundant-life/oysters.  
Wetlands: http://www.chesapeakeprogress.com/abundant-life/wetlands. 

 

Additional Needs 

Additional work needed   Maintain in the future. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Basic skills in Excel; CBPO staff can continue to perform this step. 

Achievable timeframe This is ongoing work that is already on an annual maintenance schedule. 

Estimated up-front cost None. 
 

Estimated annual 
maintenance cost8 

No additional cost. 

Final reviews or 
approvals needed 

No additional reviews or approvals needed. 

 
 

Summary of Actions and Anticipated Costs 

No incremental costs. Just link to existing indicator. 
 

                                                           
8 Incremental cost beyond work that is already being performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field should indicate a cost of zero. 

mailto:bruce.vogt@noaa.gov
mailto:jennifer_greiner@fws.gov
http://www.chesapeakeprogress.com/abundant-life/oysters
http://www.chesapeakeprogress.com/abundant-life/wetlands
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3. Air Temperature  
 

Indicator at a Glance 

V Stage 1: Indicator defined 

V Stage 2: Data collection program in place 

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

V Stage 4: Data processed 

not completed Stage 5: Indicator developed for the Chesapeake 

 
Indicator value: 

¶ This indicator helps to inform the Climate Resiliency goal and outcomes by characterizing patterns and 
trends related to air temperatures, which represent the foundational impact of climate change. 

¶ Shifts in the timing of air temperatures that represent optimal conditions for survival, growth, and 
reproduction of living resources can have a host of ecological implications. Phenological events 
throughout the year, such as blooms and migration patterns, can become offset from crucial 
complementary events. For example, for a given latitude and altitude in winter months, warmer 
temperatures influence the timing of onset, occurrence, duration, and extent of freezing temperatures, 
which can in turn result in numerous other effects, such as changes in pest survival over winter and 
longer growing seasons. 

¶ For human populations in the Chesapeake region, increased intensity and duration of extreme heat 
events can threaten lives. Present studies demonstrate increasing annual temperatures and longer 
periods of hot temperature extremes. Economically, warmer temperatures may decrease energy costs 
in winter, increase energy costs in summer, and affect weather-dependent livelihoods, such as farming 
and fishing. 

Relationship to other indicators in the proposed suite: 

¶ Warmer air temperatures promote an increase in both the total amount and intensity of precipitation. 

¶ Air temperatures are the principal factor controlling bay water temperature and stream water 
temperature. Water temperatures, in turn, can influence fish population distributions and the intensity 
of harmful algal blooms. 

¶ Air temperatures influence bird species ranges and submerged aquatic vegetation species 
composition. 

¶ In areas of human development, air temperatures can be influenced by changes to the urban tree 
canopy or land use/land cover. 

Notable opportunities, risks, and areas for enhancement: 

¶ The proposed indicator will have three metrics, all of which take advantage of existing data collection 
and compilation efforts. The Tropical Nights Index will be drawn directly from an existing hybrid analysis 
of Chesapeake Bay National Estuarine Research Reserve (CBNERR) and NOAA sites, based on station 
data that are already being collected. These data have already been aggregated to generate a composite 
Bay-wide trend. The other two metrics (mean air temperature and hot daily highs) will be drawn from 
national indicators that EPA already maintains and publishes every year, based on NOAA data.  

¶ These arrangements that can greatly reduce the cost to develop this indicator, but they also create a risk 
of dependency if any of the parent parties (EPA, NOAA, and the team that developed the Tropical Nights 
Index) are not able to continue to maintain their respective indicators.  
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Stage 1: Indicator and Metric Definition 

V Status: Indicator and its metrics have been defined. 

 

Indicator Description 

The proposed indicator will present information about hot temperature extremes and annual 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: 
 

¶ A ά¢ǊƻǇƛŎŀƭ Nights LƴŘŜȄέ that combines data from long-term NOAA weather stations with recent 
measurements from CBNERR sites. Together, these records form the basis for a region-wide index that 
represents the total number of days each year when the daily low temperature does not go below 68°F.  

¶ Station-level trends in the number of days per year with unusually warm daily high temperatures (i.e., 
95th percentile of daily high over the period of record). These trends will be presented on a map of the 
Chesapeake Bay region with each ǎǘŀǘƛƻƴΩǎ symbol representing the change in the number of days over 
the entire period of record.  

¶ A map showing the long-term rate of change in annual mean air temperatures, with individual station 
data rolled up by climate division. Each state has up to 10 climate divisions as defined by NOAA. 

All three metrics described here could operate reasonably independently; in other words, they could all 
potentially trend in different directions. As the climate 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. 
 

Additional Needs 

No further work is needed to define this indicator.  
 
 

Stage 2: Data Collection 

V Status: Data collection program in place. 

 

Data Source Information 

Metric #1: Hot daily lows 

Dataset   Tropical nights index. 

Source description Multi-year average of the total number of days each year when temperatures do 
not go below 68°F. 

Organization that 
collects the data 

NOAA and Chesapeake Bay National Estuarine Research Reserve (CBNERR). 

Data source contact /ƻƴǎǳƭǘ ǘƘŜ ά/ƘŀƴƎƛƴƎ /ƘŜǎŀǇŜŀƪŜέ ǇǊƻƧŜŎǘ ǘŜŀƳ 
(http://www.chesapeakedata.com/changingchesapeake/). 

http://www.chesapeakedata.com/changingchesapeake/
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Rationale for selection Provides a long-term dataset that is blended with ongoing CBNERR scientific 
efforts. The emphasis on nighttime temperŀǘǳǊŜǎ όƛΦŜΦΣ άƘƻǘ Řŀƛƭȅ ƭƻǿǎέύ ǊŜŦƭŜŎǘǎ 
findings in the literature that from a human perspective, the most physiologically 
dangerous aspect of an extreme heat event is often warm nighttime temperatures 
that prevent the body from cooling off. 

Temporal coverage 1910ςpresent. 

Frequency Hourly data rolled up into daily lows. 

Spatial coverage Chesapeake Bay region. 

Spatial scale/resolution Individual stations. 

Access to data ¶ bh!!Ωǎ USHCN data: https://www.ncdc.noaa.gov/cdo-web/.  

¶ NERR data: http://cdmo.baruch.sc.edu/get/export.cfm.  

 
Metric #2: Hot daily highs 

Dataset   Hot daily highs. 

Source description Change in number of days per year hotter than the 95th percentile over the entire 
period of record. This means the 95th percentile is recalculated each year as 
additional data are added to the set. 

Organization that 
collects the data 

NOAA. 

Data source contact Deke Arndt, NOAA National Centers for Environmental Information (NCEI), 
derek.arndt@noaa.gov. 

Rationale for selection Long-term, authoritative source with a dense station network. The emphasis on 
the hottest temperatures of the year recognizes that extremely hot temperatures 
pose stresses to the human body, other species, and infrastructure (for example, 
the electric power grid). This map-based approach provides a spatial complement 
to the time-series graph that is proposed for the Tropical Nights Index. 

Temporal coverage 1948ςpresent for the most complete set of stations. 

Frequency Hourly data rolled up into daily highs. 

Spatial coverage Nationwide. 

Spatial scale/resolution Individual stations. 

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

 
Metric #3: Mean air temperature 

Dataset   Mean air temperatures. 

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

Organization that 
collects the data 

NOAA. 

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

Rationale for selection Long-term, authoritative source with a dense station network. Changes in annual 
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. 

Temporal coverage 1901ςpresent for the most complete set of stations. 

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

Spatial coverage Nationwide. 

Spatial scale/resolution Individual stations. 

Access to data https://www7.ncdc.noaa.gov/CDO/CDODivisionalSelect.jsp. 

 

https://www.ncdc.noaa.gov/cdo-web/
http://cdmo.baruch.sc.edu/get/export.cfm
mailto:derek.arndt@noaa.gov
ftp://ftp.ncdc.noaa.gov/pub/data/ghcn/daily/hcn/
mailto:derek.arndt@noaa.gov
https://www7.ncdc.noaa.gov/CDO/CDODivisionalSelect.jsp
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²ƘƛƭŜ ƻǘƘŜǊ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ŎƻƭƭŜŎǘ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ ŘŀǘŀΣ bh!!Ωǎ ƭƻƴƎ-term datasets represent the authoritative 
source for reliable, quality-controlled climatological information from a large set of weather stations, all 
collecting data following consistent quality assured data collection, management, and analysis protocols. The 
/.b9ww ǎǘŀǘƛƻƴǎ ƻŦŦŜǊ ŀ ǳǎŜŦǳƭ ǎǳǇǇƭŜƳŜƴǘ ŦƻǊ ǘƘŜ άǘǊƻǇƛŎŀƭ ƴƛƎƘǘǎ ƛƴŘŜȄέ ŀƴŀƭȅǎƛǎΦ 
 

Additional Needs 

No additional work is needed to collect data, assuming current data collection programs continue. 
 
 

Stage 3: Method Development/Selection 

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

 

Method Information 

Metric #1: Hot daily lows 

Description ¶ For each station, calculate total number of days each year when temperatures 
do not go below 68°F. Separate out stations geographically, if desired. 

¶ Aggregate spatially. (Note: the exact method of spatial aggregation can be 
determined through consultation with the ά/ƘŀƴƎƛƴƎ /ƘŜǎŀǇŜŀƪŜέ project 
team.) 

¶ Calculate 21-year moving average (optional). 

Peer-review status NOAA data have been used in many peer-reviewed publications. Status of peer 
review for the hybrid temperature calculations is unknown. 

Citations Numerous citations about the NOAA component of the dataset are available here: 
https://www.ncdc.noaa.gov/ushcn/references. 

 
Metric#2: Hot daily highs 

Description ¶ For every station, determine the 95th percentile temperature threshold of 
daily maximum temperature over the entire period of record. This means the 
95th percentile is recalculated each year as additional data are added to the 
set. 

¶ For every year at every station, calculate the number of days that exceeded 
the threshold. 

¶ Use linear regression to calculate a trend over time for each station. 

Peer-review status Peer-ǊŜǾƛŜǿŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ǎǳƛǘŜ 
(https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-
low-temperatures). Peer review confirmed scientific integrity and conformance to 
9t!Ωǎ Řŀǘŀ ǉǳŀƭƛǘȅ ŎǊƛǘŜǊƛŀΦ ¦ƴŘŜǊƭȅƛƴƎ Řŀǘŀ ǇǊƻcessing methods at NOAA, 
including de-biasing, have also been peer-reviewed. 

Citations Citations for raw data: https://www.ncdc.noaa.gov/ghcn-daily-references. 

 
Metric #3: Mean air temperature 

Description ¶ Use hourly data to calculate monthly and then annual means for each station. 

¶ Use bh!!Ωǎ nClimDiv topographically-sensitive spatial weighting approach to 
develop a 5-km grid, then average the results by climate division. For each 
division, subsequently calculate a linear trend based on the annual spatial 
means. 

https://www.ncdc.noaa.gov/ushcn/references
https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-low-temperatures
https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-low-temperatures
https://www.ncdc.noaa.gov/ghcn-daily-references
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Peer-review status Peer-ǊŜǾƛŜǿŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ǎǳƛǘŜ 
(https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-
global-temperature). Peer review confirmed scientific integrity and conformance 
ǘƻ 9t!Ωǎ Řŀǘŀ ǉǳŀƭƛǘȅ ŎǊƛǘŜǊƛŀΦ ¦ƴŘŜǊƭȅƛƴƎ Řŀǘŀ ǇǊƻŎŜǎǎƛƴƎ ƳŜǘƘƻŘǎ ŀǘ bh!!Σ 
including de-biasing and spatial aggregation, have also been peer-reviewed. 

Citations Numerous citations about this dataset are available at: 
https://www.ncdc.noaa.gov/monitoring-references/maps/us-climate-
divisions.php. 

 

Additional Needs 

No additional need to define methods. 
 
 

Stage 4: Data Processing 

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

 

Data Processing Information 

Metric #1: Hot daily lows 

Summary of processing 
steps 

¶ Download station data from the NOAA and CBNERR databases. 

¶ Run a routine that calculates the total number of days per year at each station 
in which temperatures do not go below 68°F. Aggregate the data spatially. 

¶ Calculate 21-year moving averages (optional) to smooth the line graph, if 
desired. 

Processing tools and 
skills needed 

A script or other automated calculation process is most likely used to aggregate 
and average temperature data. Simple Excel skills would be needed to calculate a 
moving average, if desired. 

Organization that 
processes the data 

A team consisting of the University of Maryland Center for Environmental Science, 
the CBNERR sites, and Chesapeake Environmental Communications (CEC) 
processed the data for the original indicator. 

Processing contact /ƻƴǎǳƭǘ ǘƘŜ ά/ƘŀƴƎƛƴƎ /ƘŜǎŀǇŜŀƪŜέ ǇǊƻƧŜŎǘ ǘŜŀƳ 
(http://www.chesapeakedata.com/changingchesapeake/). 

Access to processed data Graphs of the processed data, without downloadable values available here: 
http://www.chesapeakedata.com/changingchesapeake/. 

Access to processing 
scripts, formulae, etc. 

/ƻƴǎǳƭǘ ǘƘŜ ά/ƘŀƴƎƛƴƎ /ƘŜǎŀǇŜŀƪŜέ ǇǊƻƧŜŎǘ ǘŜŀƳ 
(http://www.chesapeakedata.com/changingchesapeake/). 

 
Metric #2: Hot daily highs 

Summary of processing 
steps 

¶ NOAA quality-controls its weather station data. 

¶ Download daily temperature data (including daily maxima) from bh!!Ωǎ 
website. 

¶ Run an R script that EPA maintains.  

¶ Organize results in Excel; map using ArcGIS. 

Processing tools and 
skills needed 

Data are collected in Excel format and processed using R. Basic familiarity is 
needed in Excel, ArcGIS, and any application that can run an R script. 

Organization that 
processes the data 

Underlying data processing: NOAA. Processing for nationwide indicator: EPA. 

https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-temperature
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-temperature
https://www.ncdc.noaa.gov/monitoring-references/maps/us-climate-divisions.php
https://www.ncdc.noaa.gov/monitoring-references/maps/us-climate-divisions.php
http://www.chesapeakedata.com/changingchesapeake/
http://www.chesapeakedata.com/changingchesapeake/
http://www.chesapeakedata.com/changingchesapeake/


 

Climate Change Indicator Implementation Strategy: Revised July 13, 2018 31 

 

Processing contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Access to processed data tǊƻŎŜǎǎŜŘ Řŀǘŀ ŦƻǊ ƴŀǘƛƻƴŀƭ ƛƴŘƛŎŀǘƻǊ ŀǾŀƛƭŀōƭŜ ƻƴ 9t!Ωǎ ǿŜōǎƛǘŜ ŀǘΥ 
https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-low-
temperatures. 

Access to processing 
scripts, formulae, etc. 

Michael Kolian, EPA, kolian.michael@epa.gov.  

 
Metric #3: Mean air temperature 

Summary of processing 
steps 

¶ NOAA performs temporal and spatial aggregation by climate division. 

¶ Download division-level data from NOAA. 

¶ Apply a linear regression to calculate the trend over the period of record for 
each climate division. 

¶ Map the results. 

Processing tools and 
skills needed 

Processing can be performed with basic skills in Excel and ArcGIS. 

Organization that 
processes the data 

Underlying data processing: NOAA. Processing for nationwide indicator: EPA. 

Processing contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Access to processed data Processed data displayed with all climate divisions nationwide are available on 
9t!Ωǎ ǿŜōǎƛǘŜ ŀǘΥ https://www.epa.gov/climate-indicators/climate-change-
indicators-us-and-global-temperature. 

Access to processing 
scripts, formulae, etc. 

Excel and GIS calculations from Michael Kolian, EPA, kolian.michael@epa.gov. 

 

Additional Needs 

Metric #1: Hot daily lows 

Additional work needed   Continue to process data in future years, either through follow-on funding to the 
ά/ƘŀƴƎƛƴƎ /ƘŜǎŀǇŜŀƪŜέ ǇǊƻƧŜŎǘ ǘŜŀƳ ƻǊ ōȅ ŀŘƻǇǘƛƴƎ ǘƘŜ ǘŜŀƳΩǎ ƳŜǘƘƻŘǎ ƛƴ-house 
at the CBPO. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

¢ƻ ōŜ ŘŜǘŜǊƳƛƴŜŘΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŜȄŀŎǘ ƳŜǘƘƻŘǎ ǘƘŀǘ ǘƘŜ ά/ƘŀƴƎƛƴƎ 
/ƘŜǎŀǇŜŀƪŜέ ǇǊƻƧŜŎǘ ǘŜŀƳ ŜƳǇƭƻȅŜŘΦ 

Achievable timeframe Annual. 
 

Estimated up-front cost None. 

Estimated annual 
maintenance cost9 

¢.5Τ ǘƻ ōŜ ŘƛǎŎǳǎǎŜŘ ǿƛǘƘ ǘƘŜ ά/ƘŀƴƎƛƴƎ /ƘŜǎŀǇŜŀƪŜέ ǇǊƻƧŜŎǘ ǘŜŀƳΦ 

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

                                                           
9 Incremental cost beyond work that is already being performed. If a data processing program is already in place and fully 
funded for the foreseeable future, this field should indicate a cost of zero. 

mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-low-temperatures
https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-low-temperatures
mailto:kolian.michael@epa.gov
mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-temperature
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-temperature
mailto:kolian.michael@epa.gov
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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 Chesapeake watershed or similarly appropriate spatial 
extent, if needed. It also requires complete technical documentation iƴ ǘƘŜ /.tΩǎ ǎǘŀƴŘŀǊŘ ŦƻǊƳŀǘΦ 
 

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

 

Indicator Information 

Metric #1: Hot daily lows 

Components developed Check all that apply: 
X Graph(s) 
 aŀǇόǎύ 
 {ǳƳƳŀǊȅ ǘŜȄǘ 
 ¢ŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ /.t ŦƻǊƳŀǘ 
 5ƻǿƴƭƻŀŘŀōƭŜ Řŀǘŀ 
 hǘƘŜǊΥ ψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψ 

Organization that 
publishes the indicator 

A team consisting of the University of Maryland Center for Environmental Science, 
the CBNERR sites, and Chesapeake Environmental Communications (CEC). 

Indicator contact /ƻƴǎǳƭǘ ǘƘŜ ά/ƘŀƴƎƛƴƎ /ƘŜǎŀǇŜŀƪŜέ ǇǊƻƧŜŎǘ ǘŜŀƳ 
(http://www.chesapeakedata.com/changingchesapeake/). 

Temporal coverage 1910ς2014. 

Frequency Annual. 

Spatial coverage Chesapeake region. 

Spatial scale/resolution Entire region, or two sub-ǊŜƎƛƻƴǎ όάƴƻǊǘƘέ ŀƴŘ άǎƻǳǘƘέύΦ 

Access to indicator http://www.chesapeakedata.com/changingchesapeake/. 

 
Metric #2: Hot daily highs 

Components developed Check all that apply: 
 DǊŀǇƘόǎύ 
 aŀǇόǎύ 
 {ǳƳƳŀǊȅ ǘŜȄǘ 
 ¢ŜŎƘƴƛŎŀƭ Řƻcumentation in CBP format 
 5ƻǿƴƭƻŀŘŀōƭŜ Řŀǘŀ 

X Other: map, summary text, EPA-format technical documentation, and 
downloadable data available for national indicator 

Organization that 
publishes the indicator 

EPA. 

Indicator contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Temporal coverage 1948ς2015. 

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

Spatial coverage Nationwide. 

Spatial scale/resolution Individual stations. 

Access to indicator https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-low-
temperatures. 

 

http://www.chesapeakedata.com/changingchesapeake/
http://www.chesapeakedata.com/changingchesapeake/
mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-low-temperatures
https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-low-temperatures
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Metric #3: Mean air temperature 

Components developed Check all that apply: 
 DǊŀǇƘόǎύ 
 aŀǇόǎύ 
 {ǳƳƳŀǊȅ ǘŜȄǘ 
 ¢ŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ /.t ŦƻǊƳŀǘ 
 5ƻǿƴƭƻŀŘŀōƭŜ Řŀǘŀ 

X Other: map, summary text, EPA-format technical documentation, and 
downloadable data available for national indicator 

Organization that 
publishes the indicator 

EPA. 

Indicator contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Temporal coverage 1901ς2015. 

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

Spatial coverage Nationwide. 

Spatial scale/resolution NOAA climate division (up to 10 per state). 

Access to indicator https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-
temperature. 

 

Additional Needs 

Metric #1: Hot daily lows 

Additional work needed   Create CBP-format technical documentation. Maintain in the future. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Knowledge of the indicator to fill out documentation. CBPO staff could complete 
this step in the future, but members of the team that developed the Tropical 
Nights Index likely have the best knowledge to populate the information in the 
initial year. 

Achievable timeframe Development within 1 year; annual updates. 

Estimated up-front cost ~$1,500τrough estimate of labor cost to populate technical documentation. 

Estimated annual 
maintenance cost10 

~8 hours of staff timeτcost of updating documentation and other components 
based on the processing in Stage 4. 

Final reviews or 
approvals needed 

Agreement with Chesapeake Environmental Communications (CEC) to provide 
processing steps, methodology, and data. 

 
Metric #2: Hot daily highs 

Additional work needed   Crop EPA indicator to the stations within the Chesapeake watershed. Create CBP-
format technical documentation. Maintain in the future. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Knowledge of the indicator to fill out documentation. CBPO staff could complete 
ǘƘƛǎ ǎǘŜǇΣ ŀƭǘƘƻǳƎƘ 9t!Ωǎ ŎƭƛƳŀǘŜ ƛƴŘƛŎŀǘƻǊ ǘŜŀƳ ƳƛƎƘǘ ƘŀǾŜ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ǘƻ 
complete this step most efficiently for the initial year.  

Achievable timeframe Development within 1 year; annual updates. 

                                                           
10 Incremental cost beyond work that is already being performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field should indicate a cost of zero. 

mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-temperature
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-temperature
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Estimated up-front cost ~$1,500τƭŀōƻǊ Ŏƻǎǘ ŦƻǊ ŎǊƻǇǇƛƴƎ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ŀƴŘ ǇƻǇǳƭŀǘƛƴƎ ǘƘŜ ǘŜŎƘƴƛŎŀƭ 
documentation. 
 

Estimated annual 
maintenance cost11 

~8 hours of staff timeτŎƻǎǘ ƻŦ ŜȄŎŜǊǇǘƛƴƎ Řŀǘŀ ŦǊƻƳ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊΣ ŀǎǎǳƳƛƴƎ 9t! 
continues to conduct annual updates. 

Final reviews or 
approvals needed 

Agreement with EPA to share indicator data and processing script. 

 
Metric #3: Mean air temperature  

Additional work needed   Crop EPA indicator to the 33 climate divisions that overlap the Chesapeake 
watershed. Create CBP-format technical documentation. Maintain in the future. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Knowledge of the indicator to fill out documentation. CBPO staff could complete 
thiǎ ǎǘŜǇΣ ŀƭǘƘƻǳƎƘ 9t!Ωǎ ŎƭƛƳŀǘŜ ƛƴŘƛŎŀǘƻǊ ǘŜŀƳ ƳƛƎƘǘ ƘŀǾŜ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ǘƻ 
complete this step most efficiently for the initial year. 

Achievable timeframe Development within 1 year; annual updates. 

Estimated up-front cost ~$1,500τlabor cost for cropping Et!Ωǎ ƛƴŘƛŎŀǘƻǊ ŀƴŘ ǇƻǇǳƭŀǘƛƴƎ ǘƘŜ ǘŜŎƘƴƛŎŀƭ 
documentation. 

Estimated annual 
maintenance cost12 

~8 hours of staff timeτŎƻǎǘ ƻŦ ŜȄŎŜǊǇǘƛƴƎ Řŀǘŀ ŦǊƻƳ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊΣ ŀǎǎǳƳƛƴƎ 9t! 
continues to conduct annual updates. 

Final reviews or 
approvals needed 

Agreement with EPA to share indicator data. 

 
 

Summary of Actions and Anticipated Costs 

Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?13 

Prepare CBP indicator 
documentation for 
Tropical Nights Index: 
initial year 

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

Required 

Crop EPA maps and 
prepare CBP indicator 
documentation for the 
other two indicator 
components (hot daily 
highs and mean air 
temperature): initial year 

5 $3,000 Within 1 year EPA team Required 

                                                           
11 Incremental cost beyond work that is already being performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field should indicate a cost of zero. 

12 Incremental cost beyond work that is already being performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field 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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Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?13 

Continue to process data 
for Tropical Nights Index in 
future years 

4 TBD/yr Annual TBD Required 

Update all three parts of 
the indicator, including 
ŎǊƻǇǇƛƴƎ 9t!Ωǎ ƴŀǘƛƻƴŀƭ 
maps for two components, 
in future years  

5 
~24 staff 
hours/yr 

Annual CBPO staff Required 

Total one-time cost  $4,500    

Total annual cost  

~24 staff 
hours/yr plus 
Tropical Nights 
processing cost 
TBD/yr 
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4. Coastal Flooding 
 

Indicator at a Glance 

V Stage 1: Indicator defined 

V Stage 2: Data collection program in place 

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

V Stage 4: Data processed 

not completed Stage 5: Indicator developed for the Chesapeake 

 
Indicator value: 

¶ This indicator helps to address the Climate Resiliency goal and outcomes, as sea level rise related to 
climate change is a key driver of the increasing frequency of coastal flooding.   

¶ Recurrent coastal flooding can cause impacts such as frequent road closures, reduced stormwater 
drainage capacity, and deterioration of infrastructure not designed to withstand frequent inundation or 
exposure to salt water. These impacts are of particular concern because more than 8.6 million 
Americans live in areas susceptible to coastal flooding, and more than $1 trillion of property and 
structures is within a few feet of current sea level.14 Coastal flooding can also affect human healthτfor 
example, by increasing the risk that drinking water and wastewater infrastructure will fail, putting 
people at risk of being exposed to pathogens and harmful chemicals. 

Relationship to other indicators in the proposed suite: 

¶ Change in sea level is a key driver of this indicator. 

¶ Wetland extent and physical buffering capacity can help to attenuate coastal flooding. 

¶ Trends in coastal flooding influence the extent of property at risk or damaged.  

Notable opportunities, risks, and areas for enhancement: 

¶ The proposed indicator will be excerpted from a nationwide indicator that EPA already maintains and 
publishes, based on an analysis that NOAA already compiles for EPA every year. This arrangement 
greatly reduces the cost to develop an indicator for the Chesapeake, but it also creates a dependency 
that could expose the Chesapeake Bay Program (CBP) to risk if changes in EPA or NOAA priorities 
preclude these agencies from maintaining the national indicator in the future. 

¶ An opportunity is available to update this analysis to align with a 2018 NOAA publication that used flood 
thresholds derived from historical tide ranges, which could allow a few more locations to be added. This 
option should be explored in conjunction with EPA. 

 

Stage 1: Indicator and Metric Definition 

V Status: Indicator and its metric have been defined. 

 

Indicator Description 

This indicator will identify the number of days per year in which tidal waters rose above the local threshold for 
minor ƻǊ άƴǳƛǎŀƴŎŜέ flooding at four locations (Annapolis, 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/climate-indicators/climate-change-indicators-coastal-flooding  

https://www.epa.gov/climate-indicators/climate-change-indicators-coastal-flooding
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This approach captures 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 

V Status: Data collection program in place. 

 

Data Source Information 

Dataset   Real-time water levels. 

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

Organization that 
collects the data 

NOAA. 

Data source contact William Sweet, NOAA, william.sweet@noaa.gov. 

Rationale for selection Widely cited (in the assessment literature, etc.) as the authoritative source of U.S. 
coastal flooding data. Data collected consistently for more than a half-century.  

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 thresholds; 
27 of these stations have sufficient 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 thresholds 
(see Stage 3), at least three more long-term tide gauges in the Chesapeake region 
can be added. 

Spatial scale/resolution Data for individual stations. 

Access to data https://tidesandcurrents.noaa.gov/stations.html?type=Water+Levels. 

 
Data may be available from other individual locations, but the source proposed here provides the most 
consistent long-term records. This program emphasizes the societal impact of coastal flooding by focusing on 
four key population centers along 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 

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

 

mailto:William.Sweet@noaa.gov
https://tidesandcurrents.noaa.gov/stations.html?type=Water+Levels
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Method Information 

Description ¶ Calculate each ŘŀȅΩǎ maximum water level based on hourly water level data. 

¶ Compare these daily maxima with established threshold levels for minor flooding at each tide 
gauge. Flood impact levels have been established locally by National Weather Service (NWS) 
weather forecasting offices based on many years of impact monitoring. However, NOAA 
(2018) released an updated version of this analysis using flood thresholds that are 
statistically derived from tidal ranges. This approach arguably advances the science while 
offering the potential to expand the analysis to additional tide gauges that did not already 
have NWS flood thresholds. 

Peer-review 
status 

Peer-ǊŜǾƛŜǿŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 9t!Ωǎ indicator suite. Peer review confirmed 
ǎŎƛŜƴǘƛŦƛŎ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ŎƻƴŦƻǊƳŀƴŎŜ ǘƻ 9t!Ωǎ Řŀǘŀ ǉǳŀƭƛǘȅ ŎǊƛǘŜǊƛŀΦ 

Citations NOAA (National Oceanic and Atmospheric Administration). 2014. Sea level rise and nuisance 
flood frequency changes around the United States. NOAA Technical Report NOS CO-OPS 073. 
https://tidesandcurrents.noaa.gov/publications/NOAA_Technical_Report_NOS_COOPS_073.pdf. 
 
Sweet, W.V., and J.J. Marra. 2015. 2014 state of nuisance tidal flooding. 
www.noaanews.noaa.gov/stories2015/2014%20State%20of%20Nuisance%20Tidal%20Flooding.p
df. 
 
NOAA. 2018. Patterns and projections of high tide flooding along the U.S. coastline using a 
common impact threshold. NOAA Technical Report NOS CO-OPS 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 early versions of 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) instead 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 Chesapeake indicator can easily follow suit. 
Doing so would allow the addition of three stations with long-term 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 

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

 

Data Processing Information 

Summary of processing 
steps 

5ƻǿƴƭƻŀŘ Řŀǘŀ ŦǊƻƳ bh!!Ωǎ ŘŀǘŀōŀǎŜΦ wun a script or routine to calculate daily 
max values, compare with local flood thresholds, and count the number of days 
per year with exceedances. Calculate decadal averages. 

Processing tools and 
skills needed 

Processing can be performed with a script (R or Python, possibly? NOAA currently 
performs this step) and final calculations in Excel. 

https://tidesandcurrents.noaa.gov/publications/NOAA_Technical_Report_NOS_COOPS_073.pdf
http://www.noaanews.noaa.gov/stories2015/2014%20State%20of%20Nuisance%20Tidal%20Flooding.pdf
http://www.noaanews.noaa.gov/stories2015/2014%20State%20of%20Nuisance%20Tidal%20Flooding.pdf
https://tidesandcurrents.noaa.gov/publications/techrpt86_PaP_of_HTFlooding.pdf
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Organization that 
processes the data 

Processing script: NOAA. Excel calculations: EPA. 

Processing contact William Sweet, NOAA, william.sweet@noaa.gov.  
Michael Kolian, EPA, kolian.michael@epa.gov. 

Access to processed data tǊƻŎŜǎǎŜŘ Řŀǘŀ ǇǊƻǾƛŘŜŘ ǘƻ 9t! ōȅ ²ƛƭƭƛŀƳ {ǿŜŜǘΣ bh!!Φ 9t!Ωǎ Řŀǘŀ ǇƻǎǘŜŘ ŀǘ 
https://www.epa.gov/climate-indicators/climate-change-indicators-coastal-
flooding. 

Access to processing 
scripts, formulae, etc. 

Processing script from William Sweet, NOAA. Excel calculations from Michael 
Kolian, EPA. 

 

Additional Needs 

Additional work needed   Process data for future years. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

¶ Requires ability to use a processing script (NOAA would know the format) and 
ability to perform basic calculations in Excel. NOAA and EPA teams can 
perform these steps.  

¶ This long-term analysis also requires access to the back end of bh!!Ωǎ 
database to obtain the data efficiently, as the public interface limits each 
query to 31 days of data at a time. NOAA has this capability. 

Achievable timeframe Short-term (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 EPA. 

Estimated up-front cost None. 

Estimated annual 
maintenance cost15 

No additional cost, assuming NOAA and EPA continue to maintain 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 it to be clipped or cropped to the Chesapeake watershed or similarly appropriate spatial 
ŜȄǘŜƴǘΣ ƛŦ ƴŜŜŘŜŘΦ Lǘ ŀƭǎƻ ǊŜǉǳƛǊŜǎ ŎƻƳǇƭŜǘŜ ǘŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ ǘƘŜ /.tΩǎ ǎǘŀƴŘŀǊŘ ŦƻǊƳŀǘΦ 
 

 Status: National indicator developed, but not yet optimized for the Chesapeake. 

 

Indicator Information 

Components developed Check all that apply: 
 DǊŀǇƘόǎύ 
 aŀǇόǎύ 
 {ǳƳƳŀǊȅ ǘŜȄǘ 
 ¢ŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ /.t ŦƻǊƳŀǘ 
 5ƻǿƴƭƻŀŘŀōƭŜ Řŀǘŀ 

X Other: graphs, maps, summary text, EPA-format technical documentation, and 
downloadable data available for national indicator 

Organization that 
publishes the indicator 

EPA 

                                                           
15 Incremental cost beyond work that is already being performed. If data processing program is already in place and fully 
funded for the foreseeable future, this field should indicate a cost of zero. 

mailto:william.sweet@noaa.gov
mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-coastal-flooding
https://www.epa.gov/climate-indicators/climate-change-indicators-coastal-flooding
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Indicator contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Temporal coverage 1950ς2015. 

Frequency Decadal averages (based on annual totals). 

Spatial coverage 27 locations nationwide. 

Spatial scale/resolution Data for individual stations. 

Access to indicator https://www.epa.gov/climate-indicators/climate-change-indicators-coastal-
flooding.  

 

Additional Needs 

Additional work needed   Crop EPA indicator to the four Chesapeake-region stations. Create CBP-format 
technical documentation. Maintain in the future. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Basic skills in Excel and ArcGIS; CBPO staff or contractors could perform this step. 
Knowledge of indicator to fill out documentation; CBPO staff could complete this 
ǎǘŜǇΣ ŀƭǘƘƻǳƎƘ 9t!Ωǎ ŎƭƛƳŀǘŜ ƛƴŘƛŎŀǘƻǊ ǘŜŀƳ ƳƛƎƘǘ ƘŀǾŜ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ǘƻ 
complete this step most efficiently for the initial year.  

Achievable timeframe Short-term (can be achieved within 1 to 2 years). 

Estimated up-front cost ~$1,500τƭŀōƻǊ Ŏƻǎǘ ŦƻǊ ŎƻƴǘǊŀŎǘƻǊ ǎǳǇǇƻǊǘ ǘƻ ŎǊƻǇ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ŀƴŘ ǇƻǇǳƭŀǘŜ 
the technical documentation. 

Estimated annual 
maintenance cost16 

10 staff hoursτŀƴƴǳŀƭƛȊŜŘ Ŏƻǎǘ ƻŦ ŜȄŎŜǊǇǘƛƴƎ Řŀǘŀ ŦǊƻƳ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ŜǾŜǊȅ ǘǿƻ 
years, assuming EPA continues to update its indicator. 

Final reviews or 
approvals needed 

Agreement with EPA and NOAA to share data. 

 
 

Summary of Actions and Anticipated Costs 

Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?17 

/ǊƻǇ 9t!Ωǎ ŜȄƛǎǘƛƴƎ 
national indicator for the 
Chesapeake: initial year 

5 ~$1,500 Short-term EPA team Required 

/ǊƻǇ 9t!Ωǎ ŜȄƛǎǘƛƴƎ 
national indicator for the 
Chesapeake: future years 

5 10 hours/yr Short-term CBPO staff Required 

Total one-time cost  ~$1,500    

Total annual cost  10 hours/yr    

 
 

                                                           
16 Incremental cost beyond work that is already being performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field 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 enhancement or expansion to an indicator. In some cases, optional actions could include steps to 
transform a relatively weak or one-dimensional indicator that is available in the short-term into a more robust indicator in 
the longer term. 

mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-coastal-flooding
https://www.epa.gov/climate-indicators/climate-change-indicators-coastal-flooding
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5. Precipitation  
 

Indicator at a Glance 

V Stage 1: Indicator defined 

V Stage 2: Data collection program in place 

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

V Stage 4: Data processed 

not completed Stage 5: Indicator developed for the Chesapeake 

 
Indicator value: 

¶ This indicator addresses the Climate Resiliency goal and outcomes by tracking a key aspect of the 
Chesapeake ǊŜƎƛƻƴΩǎ changing climate conditions. The ability to handle increasingly intense heavy 
precipitation events is a major aspect of resiliency. 

¶ Through its downstream effects, changes to precipitation could also influence the Healthy Watersheds 
and Water Quality goals and outcomes. 

¶ Both total annual precipitation and the incidence of extreme precipitation events have a significant 
influence on human and natural systems. Precipitation influences streamflow, water levels, turbidity, 
and other water quality parameters. Heavy precipitation events can cause erosion and flooding. 
Changes upstream can lead to water quality impacts in the estuary. 

¶ Precipitation is a key factor in assessing the capacity for human systems to adapt to a changing climate. 
Decision-makers incorporate precipitation projections into planning and permitting for infrastructure, 
including stormwater management systems.  

Relationship to other indicators in the proposed suite: 

¶ Changes in global dynamics relating to air temperature are a key driver of precipitation patterns.  

¶ The effects of changes in precipitation are widespread. These include coastal flooding (e.g., surge 
associated with intense storms) and upstream floodingτwhich in turn influence the amount of 
property at risk or damaged. Increased nutrient runoff associated with precipitation can also contribute 
to harmful algal blooms. 

¶ Land use/land cover management (for example, permeable vs. impervious surfaces) and BMPs/green 
infrastructure are examples of actions that society can take to become more resilient in the face of 
increased precipitation, particularly increased heavy precipitation events. 

Notable opportunities, risks, and areas for enhancement: 

¶ Metric #1 of this proposed indicator will be excerpted from a nationwide indicator that EPA already 
maintains and publishes, based on regularly updated data from NOAA. This arrangement greatly reduces 
the cost to develop an indicator for the Chesapeake, but it also creates a dependency that could expose 
the Chesapeake Bay Program (CBP) to risk if changes in EPA or NOAA priorities preclude these agencies 
from maintaining the national indicator in the future. 

¶ Metric #2 of this proposed indicator is similarly excerpted from a nationwide indicator that EPA 
maintains and publishes, but those data are at a spatial scale that is too broad for immediate use as a 
Chesapeake indicator. bh!!Ωǎ National Centers for Environmental Information (NCEI) has indicated that 
an effort is underway to downscale this analysis to individual climate divisions, which are subdivisions of 
each state. This implementation plan proposes to delay development of Metric #2 until this more 
downscaled data product becomes available. 
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Stage 1: Indicator and Metric Definition 

V Status: Indicator and its metric have been defined. 

 

Indicator Description 

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

¶ The first metric will be displayed as a map of percent change in annual precipitation for the 33 NOAA 
climate divisions that intersect with the Chesapeake watershed. The period of record is from 1895 to 
2015. Figure 1 below shows the climate divisions that are fully (red) or partially (orange) within the 
Chesapeake watershed. 

Figure 1. NOAA Climate Divisions in the Chesapeake Watershed 

 
 

¶ The second metric will portray trends in the proportion of land receiving a much higher than normal 
percentage of its annual precipitation budget in the form of extreme one-day events. This analysis is 
part of bh!!Ωǎ official Climate Extremes Index (CEI). The data are presently aggregated into large, 
multi-state regions that are not ideal for characterizing the Chesapeake watershed, which straddles 
three regions (see Figure 2 below). However, NOAA NCEI has raised the prospect of downscaling the CEI 
to a climate division level in the next few years. Downscaled data will allow this indicator to present 
either a long-term trend map or a time-series graph for the Chesapeake region.  
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Figure 2. NOAA Climate Regions 

 
 

Additional Needs 

No further work is needed to define this indicator. 
 
 

Stage 2: Data Collection 

V 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 stations nationwide, all 
following standard National Weather Service data collection protocols. 

Organization that 
collects the data 

NOAA. 

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

Rationale for selection Authoritative source with relatively high spatial resolution; offers the longest time 
series for such a large geographic area; used in numerous peer-reviewed analyses. 

Temporal coverage 1895ςpresent. 

Frequency Daily. 

Spatial coverage Nationwide. 

Spatial scale/resolution Individual weather stations, but analyses are rolled up into larger regions. 

Access to data https://www.ncdc.noaa.gov/cag/ and www.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 sources that need to be tracked and 
ŎƻƳōƛƴŜŘΦ bh!!Ωǎ ƭƻƴƎ-term datasets represent the authoritative source for reliable, quality-controlled 

mailto:derek.arndt@noaa.gov
https://www.ncdc.noaa.gov/cag/
http://www.ncdc.noaa.gov/extremes/cei
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climatological information from a large set of weather stations, all collecting data following consistent protocols. 
A few other data sources have been suggested, but they have not been selected for this implementation plan for 
the following reasons: 
 

¶ Precipitation data from CBNERR stations. Daily precipitation records are available from seven sites 
around the Bay, dating back to the 1970s (depending on the site). While these records have been used 
in a hybrid analysis published as part of the ά/ƘŀƴƎƛƴƎ /ƘŜǎŀǇŜŀƪŜέ project 
(http://www.chesapeakedata.com/changingchesapeake/), the bulk of the spatial and temporal coverage 
in that hybrid analysis comes from the NOAA long-term weather stations described above. A plan for 
routine future updates to the hybrid analysis is not readily available, whereas the NOAA long-term sites 
alone are used in an indicator that EPA maintains with annual data updates. Thus, the NOAA weather 
stations (as described in the table above) represent arguably the most feasible and complete data 
source for a άƭƛǾƛƴƎέ indicator of watershed-wide precipitation trends.  

¶ PRISM precipitation data. The PRISM group at Oregon State University has spatially aggregated 
temperature and precipitation data for use at various scales, including watersheds. Their aggregations 
have proven to be useful for many studies. However, these products are fundamentally based on the 
same underlying data source described in the table above όbh!!Ωǎ authoritative set of weather 
stations), and bh!!Ωǎ nClimDiv spatial aggregations are more readily available to support ongoing 
maintenance of a Chesapeake indicatorτespecially considering that EPA already uses these data in an 
indicator on which the Chesapeake indicator can be based.  

¶ Streamflow data. Numerous studies have examined changes in the Chesapeake ǊŜƎƛƻƴΩǎ hydrology by 
focusing on streamflow, as measured by the longstanding network of stream gauges maintained by 
USGS and other agencies such as the U.S. Army Corps of Engineers. For example, see Rice et al. (2016).18 
EPA maintains an indicator that examines several attributes of streamflow from a climate change 
perspective: three-day high flows, seven-day low flows, annual average flow, and the winter-spring 
center of volumeτa measure of the timing of snowmelt.19 Streamflow scored highly in the screening 
and expert ranking process that fed into this implementation plan. In the interest of conserving future 
resources, though, the size of the proposed suite has been restricted to approximately 20 indicators, 
and a decision was made to limit the number of discrete hydrologic indicators. Precipitation was chosen 
as one of the core hydrologic indicators. That said, it is important to recognize that precipitation is not a 
perfect proxy for discharge. As Rice et al. (2016) and previous studies found, precipitation-discharge 
relationships vary over time and space because of lag times, travel times, land use, snowpack and timing 
of snowmelt, antecedent conditions, evapotranspiration, and other hydrologic factors.   

Additional Needs 

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

Stage 3: Method Development/Selection 

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

 

                                                           
18 Rice, K.C., D.L. Moyer, and A.L. Mills. 2016. Analysis of long-term hydrologic records in the Chesapeake Bay watershed:  in 

preparation for submission to Water Resources Research. 
19 https://www.epa.gov/climate-indicators/climate-change-indicators-streamflow  

http://www.chesapeakedata.com/changingchesapeake/
https://www.epa.gov/climate-indicators/climate-change-indicators-streamflow
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Method Information 

Metric #1: Total annual precipitation 

Description ¶ Use hourly data to calculate monthly and then annual means for each station. 

¶ Use bh!!Ωǎ topographically-sensitive nClimDiv spatial weighting approach to 
develop a 5-km grid, then average the results by climate division. 

Peer-review status Peer-ǊŜǾƛŜǿŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ǎǳƛǘŜ 
(https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-
global-precipitation). Peer review confirmed scientific integrity and conformance 
ǘƻ 9t!Ωǎ Řŀǘŀ ǉǳŀƭƛǘȅ ŎǊƛǘŜǊƛŀΦ ¦ƴŘŜǊƭȅƛƴƎ Řŀǘŀ ǇǊƻŎŜǎǎƛƴƎ ƳŜǘƘƻŘǎ ŀǘ bh!!Σ 
including quality control and spatial aggregation, have also been peer-reviewed. 

Citations Numerous citations about this dataset are available at: 
https://www.ncdc.noaa.gov/monitoring-references/maps/us-climate-
divisions.php. 

 
Metric #2: Heavy precipitation 

Description ¶ Current method involves dividing the nation into a 1-degree grid and selecting 
one station per grid cell. For every unit grid cell, determine each ŘŀȅΩǎ 
precipitation. Then for each year, calculate the total percentage of 
precipitation that came from extreme events (i.e., 10th percentile of all 
precipitation events). New analysis will require a higher resolution of analysis. 

¶ For every climate region and every year, calculate the percentage of land area 
that received more than the normal proportion of its precipitation budget 
from large events, based on a percentile analysis. 

Peer-review status National indicator (line graph) peer-ǊŜǾƛŜǿŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 9t!Ωǎ 
indicator suite (https://www.epa.gov/climate-indicators/climate-change-
indicators-heavy-precipitation). Peer review confirmed scientific integrity and 
ŎƻƴŦƻǊƳŀƴŎŜ ǘƻ 9t!Ωǎ Řŀǘŀ ǉǳŀƭƛǘȅ ŎǊƛǘŜǊƛŀΦ ¦ƴŘŜǊƭȅƛƴƎ Řŀǘŀ ǇǊƻŎŜǎsing methods at 
NOAA have also been peer-reviewed. 

Citations Gleason, K.L., J.H. Lawrimore, D.H. Levinson, T.R. Karl, and D.J. Karoly. 2008. A 
revised U.S. climate extremes index. J. Climate 21:2124ς2137. 

 

Additional Needs 

Metric #2: Heavy precipitation 

Additional work needed   Add daily precipitation data to bh!!Ωǎ nClimDiv product; create a downscaled 
άŜȄǘǊŜƳŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŜǾŜƴǘǎέ product in the future (e.g., by climate division or 
on a gridded 5-km scale). Determine map/graph approach. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

This step demands complex programming skills, meteorology/climatology 
ŜȄǇŜǊǘƛǎŜΣ ŀƴŘ ŜȄǇŜǊǘ ǿƻǊƪƛƴƎ ƪƴƻǿƭŜŘƎŜ ƻŦ όŀƴŘ ŀŎŎŜǎǎ ǘƻύ bh!!Ωǎ ǿŜŀǘƘŜǊ ŀƴŘ 
climate data archives. This work is reportedly already under development by 
NOAA staff. 

Achievable timeframe 2 to 5 yearsτa loose estimate based on conversations with NOAA NCEI. 

Estimated up-front cost No cost to CBPO; NOAA is developing this methodological improvement. 

 
 

https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-precipitation
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-precipitation
https://www.ncdc.noaa.gov/monitoring-references/maps/us-climate-divisions.php
https://www.ncdc.noaa.gov/monitoring-references/maps/us-climate-divisions.php
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
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Stage 4: Data Processing 

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

 

Data Processing Information 

Metric #1: Total annual precipitation 

Summary of processing 
steps 

bh!! ǇŜǊŦƻǊƳǎ ǘƘŜ ǎǇŀǘƛŀƭ ŀƴŀƭȅǎƛǎΦ !ŦǘŜǊ ǘƘŀǘΣ ŘƻǿƴƭƻŀŘ Řŀǘŀ ŦǊƻƳ bh!!Ωǎ 
website, calculate regressions for each climate division, and determine the 
percent change from the 1901ς2000 baseline.  

Processing tools and 
skills needed 

Once NOAA completes its processing, the remaining processing steps can be 
performed with simple Excel calculations or an R script, as well as ArcGIS. 

Organization that 
processes the data 

EPA. 

Processing contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Access to processed data Processed data for national indicator availaōƭŜ ƻƴ 9t!Ωǎ ǿŜōǎƛǘŜ ŀǘΥ 
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-
precipitation.  

Access to processing 
scripts, formulae, etc. 

Excel calculations from Michael Kolian, EPA, kolian.michael@epa.gov. 

 
Metric #2: Heavy precipitation 

Summary of processing 
steps 

NOAA performs the percentile analysis. After that, download dŀǘŀ ŦǊƻƳ bh!!Ωǎ 
website. If portraying a map, calculate trends in changes to extreme precipitation 
events for the regions of interest. 

Processing tools and 
skills needed 

Once NOAA completes its processing, the remaining processing steps can be 
performed with simple Excel calculations. 

Organization that 
processes the data 

EPA. 

Processing contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Access to processed data Processed data for national indicator availabƭŜ ƻƴ 9t!Ωǎ ǿŜōǎƛǘŜ ŀǘΥ 
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-
precipitation. 

Access to processing 
scripts, formulae, etc. 

Excel calculations from Michael Kolian, EPA, kolian.michael@epa.gov. 

 

Additional Needs 

Both metrics require data processing for future years, but this is ongoing work that is already on a regular 
maintenance schedule 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 Chesapeake watershed or similarly appropriate spatial 
ŜȄǘŜƴǘΣ ƛŦ ƴŜŜŘŜŘΦ Lǘ ŀƭǎƻ ǊŜǉǳƛǊŜǎ ŎƻƳǇƭŜǘŜ ǘŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ ǘƘŜ /.tΩǎ ǎǘŀƴŘŀǊŘ ŦƻǊƳŀǘΦ 
 

 Status: National indicator developed, but not yet optimized for the Chesapeake. 

mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-precipitation
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-precipitation
mailto:kolian.michael@epa.gov
mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
mailto:kolian.michael@epa.gov
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Indicator Information 

Metric #1: Total annual precipitation 

Components developed Check all that apply: 
 DǊŀǇƘόǎύ 
 aŀǇόǎύ 
 {ǳƳƳŀǊȅ ǘŜȄǘ 
 ¢ŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ /.t ŦƻǊƳŀǘ 
 5ƻǿƴƭƻŀŘŀōƭŜ Řŀǘŀ 

X Other: map, summary text, EPA-format technical documentation, and 
downloadable data available for national indicator 

Organization that 
publishes the indicator 

EPA. 

Indicator contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Temporal coverage 1895ς2015. 

Frequency Annual. 

Spatial coverage Nationwide. 

Spatial scale/resolution NOAA climate division. 

Access to indicator https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-
temperature. 

 
Metric #2: Heavy precipitation 

Components developed Check all that apply: 
 DǊŀǇƘόǎύ 
 aŀǇόǎύ 
 {ǳƳƳŀǊȅ ǘŜȄǘ 
 ¢ŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ /.t ŦƻǊƳŀǘ 
 5ƻǿƴƭƻŀŘŀōƭŜ Řŀǘŀ 

X Other: graph, summary text, EPA-format technical documentation, and 
downloadable data available for national indicator 

Organization that 
publishes the indicator 

EPA. 

Indicator contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Temporal coverage 1910ς2015. 

Frequency Annual. 

Spatial coverage Nationwide. 

Spatial scale/resolution National aggregate. 

Access to indicator https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-
precipitation. 

 

Additional Needs 

Metric #1: Total annual precipitation 

Additional work needed   /ǊƻǇ 9t!Ωǎ ƳŀǇ ǘƻ ǘƘŜ /ƘŜǎŀǇŜŀƪŜ ǊŜƎƛƻƴΦ /ǊŜŀǘŜ /.t-format technical 
documentation. Maintain in the future. 

mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-temperature
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-temperature
mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
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Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Basic skills in ArcGIS; CBPO staff or contractors could perform this step. Knowledge 
of indicator to fill out documentation; CBPO staff could complete this step, 
ŀƭǘƘƻǳƎƘ 9t!Ωǎ ŎƭƛƳŀǘŜ ƛƴŘƛŎŀǘƻǊ ǘŜam might have the background to complete 
this step most efficiently for the initial year.  

Achievable timeframe Initial version within 1 year; annual updates. 

Estimated up-front cost ~$1,500τƭŀōƻǊ Ŏƻǎǘ ŦƻǊ ŎǊƻǇǇƛƴƎ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ŀƴŘ ǇƻǇǳƭŀǘƛƴƎ ǘƘŜ ǘŜŎƘnical 
documentation. 

Estimated annual 
maintenance cost20 

~8 hours of staff timeτcost of updating documentation and other components 
based on the processing in Stage 4. 

Final reviews or 
approvals needed 

Agreement with EPA and NOAA to share data and documentation. 

 
Metric #2: Heavy precipitation 

Additional work needed   Create graph/map with new data. Create CBP-format technical documentation. 
Maintain in the future. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Basic skills in Excel and potentially ArcGIS; CBPO staff or contractors could perform 
this step. Knowledge of indicator to fill out documentation; CBPO staff could 
ŎƻƳǇƭŜǘŜ ǘƘƛǎ ǎǘŜǇΣ ŀƭǘƘƻǳƎƘ 9t!Ωǎ ŎƭƛƳŀǘŜ ƛƴŘƛŎŀǘƻǊ ǘŜŀƳ ƳƛƎƘǘ ƘŀǾŜ ǘƘŜ 
background to complete this step most efficiently for the initial year.  

Achievable timeframe Suggest waiting 2 to 5 years for the arrival of downscaled data before compiling 
this part of the indicator; annual updates. 

Estimated up-front cost ~$2,500τlabor cost for creating indicator components and populating the 
technical documentation. 

Estimated annual 
maintenance cost21 

~8 hours of staff timeτcost of updating documentation and other components 
based on the processing in Stage 4. 

Final reviews or 
approvals needed 

Agreement with EPA and NOAA to share data and documentation. 

 
 

Summary of Actions and Anticipated Costs 

Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?22 

/ǊƻǇ 9t!Ωǎ ǘƻǘŀƭ 
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 performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field should indicate a cost of zero. 

21 Incremental cost beyond work that is already being performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field should indicate a cost of zero. 

22 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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Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?22 

/ǊƻǇ 9t!Ωǎ ǘƻǘŀƭ 
precipitation indicator for 
the Chesapeake: future 
years 

5 
~8 staff 
hours/yr 

Annual CBPO staff Required 

Downscale extreme 
precipitation dataset by 
NOAA climate division 

3 

No cost to 
CBPO; to be 
done by NOAA 
NCEI 

2 to 5 years NOAA Required 

/ƻƴǾŜǊǘ bh!!Ωǎ ƴŜǿ 
downscaled extreme 
precipitation data into part 
of this indicator: initial 
year 

5 ~$2,500 2 to 5 years EPA team Required 

Update extreme 
precipitation component 
in future years 

5 
~8 staff 
hours/yr 

Annual CBPO staff Required 

Total one-time cost  ~$4,000    

Total annual cost  
~16 staff 
hours/yr 
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6. Sea Level Change 
 

Indicator at a Glance 

V Stage 1: Indicator defined 

V Stage 2: Data collection program in place 

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

V Stage 4: Data processed 

not completed Stage 5: Indicator developed for the Chesapeake 

 
Indicator value: 

¶ This indicator helps to inform the Climate Resiliency goals and outcomes by characterizing the extent of 
sea level rise, which is one of the most significant climate-related stressors affecting the region. 

¶ Sea level rise contributes to a multitude of problems for both human and natural systems. Rising waters 
increase the likelihood and severity of coastal floods and intensify the coastal impacts caused by storms. 
Rapidly changing sea levels can also challenge shoreline ecosystems that depend on certain conditions 
to thrive, thereby threatening Vital Habitats (especially tidal wetlands), species that depend on these 
habitats, and the ecological services (such as physical buffering capacity) these natural systems offer. 

Relationship to other indicators in the proposed suite: 

¶ Sea level change represents a key driver for several impact-based indicators in this proposed suite: 
coastal flooding, property at risk or damaged, and wetland extent and/or physical buffering capacity. 

¶ Rising waters influence decision-making regarding the extent of living vs. hardened shorelines. 

Notable opportunities, risks, and areas for enhancement: 

¶ The proposed indicator will be excerpted from a nationwide indicator that EPA already maintains and 
publishes, based on an analysis that NOAA already compiles for EPA every year. This arrangement 
greatly reduces the cost to develop an indicator for the Chesapeake, but it also creates a dependency on 
EPA and NOAA priorities preclude these agencies from maintaining the national indicator in the future.  

 

Stage 1: Indicator and Metric Definition 

V 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 change at each site or the total cumulative change at each site over the entire 
period of record. 
 
9t!Ωǎ wŜǇƻǊǘ ƻƴ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘ όhttps://cfpub.epa.gov/roe/indicator.cfm?i=87) (ROE) provides an additional 
gridded map that shows absolute όƻǊ ŜǳǎǘŀǘƛŎύ ǎŜŀ ƭŜǾŜƭ ŎƘŀƴƎŜ ƻǾŜǊ ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴǎΦ !ōǎƻƭǳǘŜ ŎƘŀƴƎŜ ƛǎ 
measured in relation to the center of the earth, based on satellite altimetry. Thus, it excludes the influence of 
vertical land motion and instead 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 the Chesapeake Bay, b) the spatial 
resolution is too coarse to provide useful information at the scale needed for analysis and decision-making 

https://cfpub.epa.gov/roe/indicator.cfm?i=87
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within the Chesapeake region, and c) sea level change relative to the shoreline elevationτthe combined effect 
of vertical land motion and eustatic sea level changeτis 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 

V Status: Data collection program in place. 

 

Data Source Information 

Dataset   Relative sea level change. 

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

Organization that 
collects the data 

NOAA. 

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

Rationale for selection Offers the highest spatial and temporal resolution of the available sea level data 
sources. This selection of sites represents the best available source of downscaled, 
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 gauges nationwide; seven with long-term data in the Chesapeake or its 
tidal tributaries. 

Spatial scale/resolution Data for individual stations. 

Access to data https://tidesandcurrents.noaa.gov. 

 

Additional Needs 

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

Stage 3: Method Development/Selection 

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

 

Method Information 

Description ¶ For each tide gauge station presented in the indicator, use monthly mean sea 
level to calculate a linear regression for the long-term annual rate of change. 

¶ Multiply the annual rate of change by the length of the period of record to 
determine total cumulative change. 

mailto:Chris.Zervas@noaa.gov
https://tidesandcurrents.noaa.gov/
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Peer-review status Peer-ǊŜǾƛŜǿŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 9t!Ωǎ wh9 ŀƴŘ 9t!Ωǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ 
ƛƴŘƛŎŀǘƻǊ ǎǳƛǘŜΦ tŜŜǊ ǊŜǾƛŜǿ ŎƻƴŦƛǊƳŜŘ ǎŎƛŜƴǘƛŦƛŎ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ŎƻƴŦƻǊƳŀƴŎŜ ǘƻ 9t!Ωǎ 
Řŀǘŀ ǉǳŀƭƛǘȅ ŎǊƛǘŜǊƛŀΦ 5ŀǘŀ ŦǊƻƳ bh!!Ωǎ ǘƛŘŜ ƎŀǳƎŜǎ ƘŀǾŜ ōŜŜƴ ǳsed in numerous 
peer-reviewed journal articles. 

Citations NOAA. 2009. Sea level variations of the United States 1854ς2006. NOAA Technical 
Report NOS CO-OPS 053, NOAA National Ocean Service Center for Operational 
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 States. 
NOAA Technical Report NOS CO-OPS 083, NOAA National Ocean Service Center for 
Operational Oceanographic Products and Services. 
https://tidesandcurrents.noaa.gov/publications/ 
techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf. 
 
NOAA. 2018. Patterns and projections of high tide flooding along the U.S. coastline 
using a common impact threshold. NOAA Technical Report NOS CO-OPS 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.  
 
 

Stage 4: Data Processing 

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

 

Data Processing Information 

Summary of processing 
steps 

Download station-ǎǇŜŎƛŦƛŎ Řŀǘŀ ŦǊƻƳ bh!!Ωǎ ¢ƛŘŜǎ ŀƴŘ /ǳǊǊŜƴǘǎ ǿŜōǎite. Run a 
script or routine to calculate monthly means and the resulting long-term trends. 
Multiply by the length of record for the absolute change. Map the results. 

Processing tools and 
skills needed 

Processing can be performed with an automated script, which is currently 
performed by NOAA. Calculated values and tide gauge locations are organized in 
Excel and mapped using ArcGIS. 

Organization that 
processes the data 

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

Processing contact Chris Zervas, NOAA, Chris.Zervas@noaa.gov; 
Michael Kolian, EPA, kolian.michael@epa.gov. 

Access to processed data tǊƻŎŜǎǎŜŘ Řŀǘŀ ŀǊŜ ǇǊƻǾƛŘŜŘ ǘƻ 9t! ōȅ bh!!Φ 9t!Ωǎ ŎŀƭŎǳƭŀǘŜŘ results are posted 
at: https://www.epa.gov/climate-indicators/climate-change-indicators-sea-level. 

Access to processing 
scripts, formulae, etc. 

Processing script from Chris Zervas, NOAA. Excel calculations from Michael Kolian, 
EPA.  

 

http://www.tidesandcurrents.noaa.gov/publications/Tech_rpt_53.pdf
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf
https://tidesandcurrents.noaa.gov/publications/techrpt86_PaP_of_HTFlooding.pdf
mailto:Chris.Zervas@noaa.gov
mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-sea-level
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Additional Needs 

Additional work needed   Process data for future years. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Requires ability to use a processing script (NOAA would know the format) and the 
ability to perform basic functions in Excel and ArcGIS. NOAA and EPA teams can 
perform these steps. 

Achievable timeframe Within 1 year ς this is ongoing work that is already on an annual maintenance 
schedule, as agreed between NOAA and EPA.  

Estimated up-front cost None. 
 

Estimated annual 
maintenance cost23 

No additional cost, assuming NOAA and EPA continue to maintain 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 it to be clipped or cropped to the Chesapeake watershed or similarly appropriate spatial 
extent, if needed. It also requires complete technical documŜƴǘŀǘƛƻƴ ƛƴ ǘƘŜ /.tΩǎ ǎǘŀƴŘŀǊŘ ŦƻǊƳŀǘΦ 
 

 Status: National indicator developed, but not yet optimized for the Chesapeake. 

 

Indicator Information 

Components developed Check all that apply: 
 DǊŀǇƘόǎύ 
 aŀǇόǎύ 
 {ǳƳƳŀǊȅ ǘŜȄǘ 
 ¢ŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ /.t format 
 5ƻǿƴƭƻŀŘŀōƭŜ Řŀǘŀ 

X Other: map, summary text, EPA-format technical documentation, and 
downloadable data available for the national indicator. 

Organization that 
publishes the indicator 

EPA. 

Indicator contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Temporal coverage 1960ς2015. 

Frequency Single trend calculation. 

Spatial coverage Seven tide gauge stations. 

Spatial scale/resolution Trends for individual stations. 

Access to indicator https://www.epa.gov/climate-indicators/climate-change-indicators-sea-level. 

 

                                                           
23 Incremental cost beyond work that is already being performed. If a data processing program is already in place and fully 
funded for the foreseeable future, this field should indicate a cost of zero. 

mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-sea-level
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Additional Needs 

Additional work needed   Crop the EPA indicator to include only the seven stations in the Chesapeake Bay 
tidal region. Map the results from these stations. Create CBP-format technical 
documentation. Maintain in the future. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Basic skills in Excel and ArcGIS; CBPO staff or contractors could perform this step. 
Knowledge of indicator to fill out documentation; CBPO staff could provide this 
ŎŀǇŀŎƛǘȅΣ ŀƭǘƘƻǳƎƘ 9t!Ωǎ ŎƭƛƳŀǘŜ ƛƴŘƛŎŀǘƻǊ ǘŜŀƳ ƳƛƎƘǘ ƘŀǾŜ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ǘƻ 
complete this step most efficiently for the initial year. 

Achievable timeframe Initial version within 1 year; future updates every year. 

Estimated up-front cost ~$1,500 or 20 staff hours ς ƭŀōƻǊ Ŏƻǎǘ ŦƻǊ ŎǊƻǇǇƛƴƎ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ŀƴŘ ǇƻǇǳƭŀǘƛƴƎ 
the technical documentation. 

Estimated annual 
maintenance cost24 

10 staff hours ς Ŏƻǎǘ ƻŦ ŜȄŎŜǊǇǘƛƴƎ Řŀǘŀ ŦǊƻƳ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊΣ ŀǎǎǳƳƛƴƎ 9t! 
continues to conduct annual updates, and updating technical documentation as 
needed. 

Final reviews or 
approvals needed 

Agreement with EPA and NOAA to share data. 

 
 

Summary of Actions and Anticipated Costs 

Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?25 

²ƻǊƪƛƴƎ ŦǊƻƳ 9t!Ωǎ 
existing indicator, mask 
tide gauge stations outside 
the Chesapeake Bay 
region, map the resulting 
stations, and create 
documentation in CBP 
format: initial year  

5 
~$1,500 or 20 
staff hours 

Within 1 year 
CBPO staff or EPA 
team 

Required 

²ƻǊƪƛƴƎ ŦǊƻƳ 9t!Ωǎ 
existing indicator, mask 
tide gauge stations outside 
the Chesapeake Bay 
region, map the resulting 
stations, and update 
technical documentation 
as needed: future years  

5 
10 staff 
hours/yr 

Repeat 
annually 

CBPO staff Required 

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

   

Total annual cost  
10 staff 
hours/yr 

   

 

                                                           
24 Incremental cost beyond work that is already being performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field 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 enhancement or expansion to an indicator. 
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7. Stream Water Temperature  
 

Indicator at a Glance 

V Stage 1: Indicator defined 

partial Stage 2: Data collection program in place 

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

V Stage 4: Data processed 

not completed Stage 5: Indicator developed for the Chesapeake 

 
Indicator value: 

¶ This indicator helps to address the Climate Resiliency goal and outcomes, as water temperatures in 
general are expected to rise due to climate change. In addition, stream water temperatures represent a 
key metric for monitoring the effectiveness of certain watershed-based resiliency efforts.  

¶ Higher stream temperatures, and their resultant conditions, can stress aquatic ecosystems by making 
them less hospitable for certain species or upsetting the competitive balance between species. Such 
changes to ecosystem stability can result in secondary biochemical impacts, both in situ and 
downstream. 

¶ As the chief source of water flowing into the Chesapeake Bay, the streams in the watershed directly 
impact Bay water temperatures. Similarly, the associated consequences of warmer water can lead to 
additional biochemical impacts for the Bay ecosystem, such as decreased aragonite saturation. 

Relationship to other indicators in the proposed suite: 

¶ Air temperature is the principal driver of stream water temperatures. Secondarily, changes in land use 
(including the prevalence of shade cover from riparian vegetation) and green infrastructure also factor 
into the evidence presented in this indicator. 

¶ Although stream water temperatures do not represent the sole, or even main, cause of other impacts in 
the Bay (such as harmful algal blooms or fish population distribution), higher temperatures can be a 
contributing or intensifying factor.  

Notable opportunities, risks, and areas for enhancement: 

¶ The proposed indicator will be incorporated in its entirety from an indicator that EPA already maintains 
and publishes, based on an analysis that USGS planned to compile for EPA on a roughly biennial basis. 
This arrangement greatly reduces the cost to develop the indicator, as it is already appropriately scaled 
and applied to the region. However, it also creates a dependency that could expose the Chesapeake Bay 
Program to risk if changes in EPA or USGS priorities preclude these agencies from maintaining the 
indicator in the future.  

¶ USGS recently alerted EPA and the CBPO to a potential challenge in maintaining this indicator. As a 
result of the USGS-wide implementation of a new database for time series data and associated policies, 
the temperature data that fed into 9t!Ωǎ indicator are not being retained in a readily available format. 
Work will be needed to overcome this challenge.  
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Stage 1: Indicator and Metric Definition 

V Status: Indicator and its metric have been defined. 

 

Indicator Description 

This indicator presents site-specific trends (i.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 quality-controlled for completeness. The indicator is already limited to 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.  
 
CƛƎǳǊŜ мΦ {ƛǘŜǎ ƛƴ 9t!Ωǎ ŜȄƛǎǘƛƴƎ ƛƴŘƛŎŀǘƻǊ 

 
 

Additional Needs 

No further work needed to define this indicator. 
 
 

Stage 2: Data Collection 

partial 
Status: Data collection program in place, but work is needed to restore access to 
data in conjunction with a USGS database redesign. 
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Data Source Information 

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

Dataset   Sub-annual stream water temperatures. 

Source description Directly sampled stream water temperatures at designated stream gauge sites. 

Organization that 
collects the data 

USGS. 

Data source contact John Jastram, USGS, jdjastra@usgs.gov. 

Rationale for selection Based on the NWIS dataset of stream gauges, which is the best available collection 
of physical stream parameters. This quality-controlled data set further enhances 
the data by limiting confounding factors and sites with limited data availability.  

Temporal coverage 1960ςpresent. 

Frequency Sub-annual, but data are presented as trend over period of record. 

Spatial coverage Chesapeake watershed and immediate surrounding area (129 stations total; 72 in 
the Chesapeake watershed). 

Spatial scale/resolution Data for individual stations. 

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

 

Additional Needs 

Additional work needed   5ŜǘŜǊƳƛƴŜ Ƙƻǿ ǘƻ ŜȄǘǊŀŎǘ ǘƘŜ ƴŜŎŜǎǎŀǊȅ Řŀǘŀ ŦǊƻƳ ¦{D{Ωǎ ƴŜǿ ŘŀǘŀōŀǎŜ 
structure, which may require modifying the way data are stored and classified. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

¦{D{Ωǎ ƘŜƭǇ ǿƛƭƭ ōŜ ƴŜŜŘŜŘ ǘƻ ƳŀƴŀƎŜ Řŀǘŀ ŀƴŘ ǳǇŘŀǘŜ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ŀƴŘ 
storage protocols. 

Achievable timeframe TBD. 

Estimated up-front cost TBD whether USGS will require external funding assistance. 

Estimated annual 
maintenance cost26 

TBD. 

 
 

                                                           
26 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. 

mailto:jdjastra@usgs.gov
https://waterdata.usgs.gov/nwis
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Stage 3: Method Development/Selection 

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

 

Method Information 

Description ¶ For the area studied, exclude stream gauges with less than 90 percent data 
for the period 1960ς2010.  

¶ Calculate each site-specific monthly mean over the entire period of record 
and then convert temperature readings into anomalies based on the mean. 

¶ Calculate an ordinary least squares regression to determine the trend of the 
change for each site in the study. 

Peer-review status Peer-ǊŜǾƛŜǿŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ǎǳƛǘŜΦ tŜŜǊ ǊŜǾƛŜǿ 
coƴŦƛǊƳŜŘ ǎŎƛŜƴǘƛŦƛŎ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ŎƻƴŦƻǊƳŀƴŎŜ ǘƻ 9t!Ωǎ Řŀǘŀ ǉǳŀƭƛǘȅ ŎǊƛǘŜǊƛŀΦ 
Source study and monitoring site methods also previously peer reviewed as 
journal articles. 

Citations Jastram, J.D., and K.C. Rice. 2015. Air- and stream-water-temperature trends in 
the Chesapeake Bay region, 1960ς2014. U.S. Geological Survey Open-File Report 
нлмр мнлтΦ https://dx.doi.org/10.3133/ofr20151207. 
 
Wilde, F.D. 2006. Temperature (ver. 2). U.S. Geological Survey Techniques of 
Water-Resources Investigations, Book 9, Chapter A6, Section 6.1. March 2006 
edition. http://water.usgs.gov/owq/FieldManual/Chapter6/Ch6_contents.html. 

 

Additional Needs 

No additional work needed to define methods. 
 
 

Stage 4: Data Processing 

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

 

Data Processing Information 

Summary of processing 
steps 

Download data from the NWIS database. Run a script or routine to apply quality 
control criteria, calculate monthly means, calculate anomalies, and determine a 
site-specific trend.  

Processing tools and 
skills needed 

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

Organization that 
processes the data 

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

Processing contact John Jastram, USGS, jdjastra@usgs.gov; 
Michael Kolian, EPA, kolian.michael@epa.gov. 

Access to processed data tǊƻŎŜǎǎŜŘ Řŀǘŀ ǇǊƻǾƛŘŜŘ ǘƻ 9t! ōȅ WƻƘƴ WŀǎǘǊŀƳΣ ¦{D{Φ 9t!Ωǎ Řŀǘŀ ǇƻǎǘŜŘ ŀǘΥ 
https://www.epa.gov/climate-indicators/climate-change-indicators-stream-
temperature. 

https://dx.doi.org/10.3133/ofr20151207
http://water.usgs.gov/owq/FieldManual/Chapter6/Ch6_contents.html
mailto:jdjastra@usgs.gov
mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-stream-temperature
https://www.epa.gov/climate-indicators/climate-change-indicators-stream-temperature
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Access to processing 
scripts, formulae, etc. 

Processing script from John Jastram, USGS. Excel calculations from Michael Kolian, 
EPA. 

 

Additional Needs 

Additional work needed   Process data for future years. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Requires ability to use a processing script (USGS would know the format) and 
abƛƭƛǘȅ ǘƻ ǇŜǊŦƻǊƳ ōŀǎƛŎ ŦǳƴŎǘƛƻƴǎ ƛƴ 9ȄŎŜƭ ŀƴŘ !ǊŎDL{Φ ¦{D{ ŀƴŘ 9t!Ωǎ ǘŜŀƳ Ŏŀƴ 
perform these steps. 

Achievable timeframe Within 2 years. This is ongoing work that is already on a biennial maintenance 
schedule as agreed between USGS and EPA. 

Estimated up-front cost None. 
 

Estimated annual 
maintenance cost27 

No additional cost, assuming USGS and EPA continue to maintain 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 it to be clipped or cropped to the Chesapeake watershed or similarly appropriate spatial 
ŜȄǘŜƴǘΣ ƛŦ ƴŜŜŘŜŘΦ Lǘ ŀƭǎƻ ǊŜǉǳƛǊŜǎ ŎƻƳǇƭŜǘŜ ǘŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ ǘƘŜ /.tΩǎ ǎǘŀƴŘŀǊŘ ŦƻǊƳŀǘΦ 
 

 Status: National indicator developed, but not yet optimized for the Chesapeake. 

 

Indicator Information 

Components developed Check all that apply: 
 DǊŀǇƘόǎύ 
 aŀǇόǎύ 
 {ǳƳƳŀǊȅ ǘŜȄǘ 
 ¢ŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ /.t ŦƻǊƳŀǘ 
 5ƻǿƴƭƻŀŘŀōƭŜ Řŀǘŀ 

X Other: map, summary text, EPA-format technical documentation, and 
downloadable data available for non-clipped Chesapeake Bay watershed and 
immediate surrounding area 

Organization that 
publishes the indicator 

EPA. 

Indicator contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Temporal coverage 1960ς2014. 

Frequency Single trend calculation. 

Spatial coverage 129 stream gauges in the covered region. 

Spatial scale/resolution Trends for individual stations. 

                                                           
27 Incremental cost beyond work that is already being performed. If a data processing program is already in place and fully 
funded for the foreseeable future, this field should indicate a cost of zero. 

mailto:kolian.michael@epa.gov
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Access to indicator https://www.epa.gov/climate-indicators/climate-change-indicators-stream-
temperature. 

 

Additional Needs 

Additional work needed   Crop the EPA indicator to exclude stations in the Mid-Atlantic that are not actually 
part of the Chesapeake Bay watershed (if desired). Map the remaining stations. 
Create CBP-format technical documentation. Maintain in the future. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Basic skills in Excel and ArcGIS; CBPO staff or contractors could perform this step. 
Knowledge of indicator to fill out documentation; CBPO staff could complete this 
ǎǘŜǇΣ ŀƭǘƘƻǳƎƘ 9t!Ωǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƴŘƛŎŀǘƻǊ ǘŜŀƳ ƳƛƎƘǘ ƘŀǾŜ ǘƘŜ ōŀckground to 
complete this step most efficiently for the initial year. 

Achievable timeframe Within 2 years. 

Estimated up-front cost ϤϷрлл ƻǊ мл ǎǘŀŦŦ ƘƻǳǊǎΥ ƭŀōƻǊ Ŏƻǎǘ ǘƻ ŎǊƻǇ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊΣ ƛŦ ŘŜǎƛǊŜŘΦ 
~$1,000 or 15 staff hours: labor cost to create CBP-format technical 
documentation. 

Estimated annual 
maintenance cost28 

мл ǎǘŀŦŦ ƘƻǳǊǎ ŜǾŜǊȅ н ȅŜŀǊǎ όр ƘƻǳǊǎκȅǊύΥ Ŏƻǎǘ ƻŦ ŜȄŎŜǊǇǘƛƴƎ Řŀǘŀ ŦǊƻƳ 9t!Ωǎ 
indicatorτassuming EPA continues to conduct annual updatesτand updating 
technical documentation. 

Final reviews or 
approvals needed 

Agreement with EPA and USGS to share data. 

 
 

Summary of Actions and Anticipated Costs 

Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?29 

²ƻǊƪ ǿƛǘƘ ¦{D{Ωǎ ƴŜǿ 
database structure to 
allow the data for this 
indicator to be compiled 
again 

2 TBD TBD USGS Required 

²ƻǊƪƛƴƎ ŦǊƻƳ 9t!Ωǎ 
existing indicator, mask 
stream gauge stations 
outside the Chesapeake 
Bay watershed and map 
them: initial year  

5 
~$500 or 10 
staff hours 

Within 2 years 
CBPO staff or EPA 
team 

Optional 

Create CBP-format 
technical documentation 

5 
~$1,000 or 15 
staff hours 

Within 2 years 
CBPO staff or EPA 
team 

Required 

                                                           
28 Incremental cost beyond work that is already being performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field should indicate a cost of zero. 

29 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. 

https://www.epa.gov/climate-indicators/climate-change-indicators-stream-temperature
https://www.epa.gov/climate-indicators/climate-change-indicators-stream-temperature
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Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?29 

²ƻǊƪƛƴƎ ŦǊƻƳ 9t!Ωǎ 
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 

Total one-time cost  

~$1,000ς1,500 
or 15ς25 staff 
hours + USGS 
cost TBD 

   

Total annual cost  5 staff hours/yr    
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8. Upstream Flooding  
 

Indicator at a Glance 

V Stage 1: Indicator defined 

V Stage 2: Data collection program in place 

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

V Stage 4: Data processed 

not completed Stage 5: Indicator developed for the Chesapeake 

 
Indicator value: 

¶ This indicator helps to address the Climate Resiliency goal and outcomes, as river/stream flooding is 
influenced by changing climate conditions, including the increased frequency and intensity of heavy 
precipitation events in some regions, as well as changes in snowpack, snowmelt timing, and streamflow 
patterns.   

¶ Large flood events can damage homes, roads, bridges, and other infrastructure; wipe out ŦŀǊƳŜǊǎΩ crops; 
and harm or displace people. Although regular flooding helps to maintain the nutrient balance of soils in 
the flood plain, larger or more frequent floods could disrupt ecosystems by displacing aquatic life, 
impairing water quality, and increasing soil erosion. By inundating water treatment systems with 
sediment and contaminants, and promoting the growth of harmful microbes, floods can directly affect 
the water supplies that communities depend on.30  

Relationship to other indicators in the proposed suite: 

¶ Change in precipitation (especially heavy precipitation) is a key driver of this indicator. 

¶ Land cover and land use influence river and stream floodingτparticularly the extent of impervious 
surfaces that contribute to runoff.  

¶ Trends in upstream flooding influence the extent of property at risk or damaged.  

Notable opportunities, risks, and areas for enhancement: 

¶ The proposed indicator will be excerpted from a nationwide indicator that EPA already maintains and 
publishes, based on an analysis that a research team at the University of Iowa has agreed to compile for 
EPA every two years. This arrangement greatly reduces the cost to develop an indicator for the 
Chesapeake, but it also creates a dependency that could expose the Chesapeake Bay Program (CBP) to 
risk if changes in EPA or research team priorities preclude them from maintaining the national indicator 
in the future. 

 

Stage 1: Indicator and Metric Definition 

V Status: Indicator and its metric have been defined. 

 

Indicator Description 

This indicator will present two metrics: 

¶ Trends in the magnitude of river flooding 

¶ Trends in the frequency of river flooding 

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

https://www.epa.gov/climate-indicators/climate-change-indicators-river-flooding
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It is based on an EPA indicator that presently covers the entire contiguous 48 states, based on stream gauge 
measurements. The indicator is restricted to a subset of USGS stream gauges that have been designated as 
HCDN-нллф άǊŜŦŜǊŜƴŎŜ ƎŀǳƎŜǎΦέ These reference gauges have 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 influence runoff. The indicator 
provides maps that show long-term trends (1965 to present) at each site. 
 

Additional Needs 

No further work needed to define this indicator. 
 
 

Stage 2: Data Collection 

V Status: Data collection program in place. 

 

Data Source Information 

Dataset   Peak and daily discharge data. 

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

Organization that 
collects the data 

USGS. 

Data source contact Mark Bennett, USGS, mrbennet@usgs.gov.  

Rationale for selection Widely cited (in the assessment literature, etc.) as the authoritative source of U.S. 
streamflow and stream stage data. Data collected consistently in many places 
since the early 20th 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 in a subset of 
άǊŜŦŜǊŜƴŎŜ ƎŀǳƎŜǎέ ǘƘŀǘ ŀƭǎƻ ƳŜŜǘ Řŀǘŀ ŀǾŀƛƭŀōƛƭƛǘȅ ŎǊƛǘŜǊƛŀ ŦƻǊ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊΤ пт 
sites with sufficient magnitude data and 42 with sufficient frequency data within 
the Chesapeake watershed. 

Spatial scale/resolution Data for individual stations. 

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 by the National 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 development and data processing, 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. 
 
 

mailto:mrbennet@usgs.gov
http://waterdata.usgs.gov/nwis/sw
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Stage 3: Method Development/Selection 

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

 

Method Information 

Description ¶ For magnitude, analyze trends in the annual maximum instantaneous peak 
discharge values at each site. 

¶ For frequency, use a άǇŜŀƪǎ-over-thresholdέ approach to identify the top 100 
discrete flooding events during the 50-year study period (in terms of daily 
discharge), then determine whether such events have become more or less 
common over time. 

Peer-review status Peer-reviewed as part of the develoǇƳŜƴǘ ƻŦ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ǎǳƛǘŜΦ tŜŜǊ ǊŜǾƛŜǿ 
ŎƻƴŦƛǊƳŜŘ ǎŎƛŜƴǘƛŦƛŎ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ŎƻƴŦƻǊƳŀƴŎŜ ǘƻ 9t!Ωǎ Řŀǘŀ ǉǳŀƭƛǘȅ ŎǊƛǘŜǊƛŀΦ 

Citations Mallakpour, I., and G. Villarini. 2015. The changing nature of flooding across the 
central United States. Nature Climate Change 5:250ς254. 

 

Additional Needs 

No additional work needed to define methods. 
 
 

Stage 4: Data Processing 

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

 

Data Processing Information 

Summary of processing 
steps 

Download data from USGS National Water Information System database. Run a 
series of scripts to select and filter stations, identify maximum annual 
instantaneous peak discharge, identify the top 100 daily discharge events at each 
site, calculate trends in magnitude using a Mann-Kendall test, and calculate trends 
in frequency using a Poisson regression. 

Processing tools and 
skills needed 

Processing can be performed with a series of scripts. Script format not known. 

Organization that 
processes the data 

Processing script: University of Iowa. Excel calculations: EPA. 

Processing contact Gabriele Villarini, University of Iowa, gabriele-villarini@uiowa.edu.  
Michael Kolian, EPA, kolian.michael@epa.gov.  

Access to processed data tǊƻŎŜǎǎŜŘ Řŀǘŀ ǇǊƻǾƛŘŜŘ ǘƻ 9t! ōȅ DŀōǊƛŜƭŜ ±ƛƭƭŀǊƛƴƛΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ LƻǿŀΦ 9t!Ωǎ 
data posted at https://www.epa.gov/climate-indicators/climate-change-
indicators-river-flooding. 

Access to processing 
scripts, formulae, etc. 

aƛŎƘŀŜƭ Yƻƭƛŀƴ Ƙŀǎ ōŜŜƴ ŘŜǎƛƎƴŀǘŜŘ ŀǎ 9t!Ωǎ ŎŜƴǘǊŀƭ Ǉƻƛƴǘ ƻŦ ŎƻƴǘŀŎǘ ŦƻǊ ǘƘƛǎ 
indicator. He can provide Excel calculations directly and can engage Gabriele 
Villarini for additional information if needed. 

 

mailto:gabriele-villarini@uiowa.edu
mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-river-flooding
https://www.epa.gov/climate-indicators/climate-change-indicators-river-flooding
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Additional Needs 

Additional work needed   Process data for future years. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

¶ Requires ability to use processing scripts (University of Iowa would know the 
format[s]). A University of Iowa team holds access to the scripts at this time 
and would need to perform the work. 

¶ Requires ability to perform basic calculations in Excel. 9t!Ωǎ team can perform 
these steps.  

Achievable timeframe Short-term (can be achieved within 1 to 2 years)τThis is ongoing work that is 
already on a biennial maintenance schedule as agreed between the University of 
Iowa and EPA. 

Estimated up-front cost None. 

Estimated annual 
maintenance cost31 

No additional cost, assuming the University of Iowa and EPA continue to maintain 
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 it to be clipped or cropped to the Chesapeake watershed or similarly appropriate spatial 
ŜȄǘŜƴǘΣ ƛŦ ƴŜŜŘŜŘΦ Lǘ ŀƭǎƻ ǊŜǉǳƛǊŜǎ ŎƻƳǇƭŜǘŜ ǘŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ ǘƘŜ /.tΩǎ ǎǘŀƴŘŀǊŘ ŦƻǊƳŀǘΦ 
 

 Status: National indicator developed, but not yet optimized for the Chesapeake. 

 

Indicator Information 

Components developed Check all that apply: 
 DǊŀǇƘόǎύ 
 aŀǇόǎύ 
 {ǳƳƳŀǊȅ ǘŜȄǘ 
 ¢ŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ /.t ŦƻǊƳŀǘ 
 5ƻǿƴƭƻŀŘŀōƭŜ Řŀǘŀ 

X Other: graphs, maps, summary text, EPA-format technical documentation, and 
downloadable data available for national indicator 

Organization that 
publishes the indicator 

EPA. 

Indicator contact Michael Kolian, EPA, kolian.michael@epa.gov. 

Temporal coverage 1965ς2015. 

Frequency Decadal averages (based on annual totals). 

Spatial coverage Approximately 500 locations nationwide. 

Spatial scale/resolution Data for individual stations. 

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

 

                                                           
31 Incremental cost beyond work that is already being performed. If data processing program is already in place and fully 
funded for the foreseeable future, this field should indicate a cost of zero. 

mailto:kolian.michael@epa.gov
https://www.epa.gov/climate-indicators/climate-change-indicators-river-flooding
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Additional Needs 

Additional work needed   Crop EPA indicator to the Chesapeake watershed. Create CBP-format technical 
documentation. Maintain in the future. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Basic skills in Excel and ArcGIS; CBPO staff or contractors could perform this step. 
Knowledge of indicator to fill out documentation; CBPO staff could complete this 
step, althougƘ 9t!Ωǎ ŎƭƛƳŀǘŜ ƛƴŘƛŎŀǘƻǊ ǘŜŀƳ ƳƛƎƘǘ ƘŀǾŜ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ǘƻ 
complete this step most efficiently for the initial year.  

Achievable timeframe Short-term (can be achieved within 1 to 2 years). 

Estimated up-front cost ~$1,500τlabor cost for contractor supporǘ ǘƻ ŎǊƻǇ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ŀƴŘ ǇƻǇǳƭŀǘŜ 
the technical documentation. 

Estimated annual 
maintenance cost32 

10 staff hoursτŀƴƴǳŀƭƛȊŜŘ Ŏƻǎǘ ƻŦ ŜȄŎŜǊǇǘƛƴƎ Řŀǘŀ ŦǊƻƳ 9t!Ωǎ ƛƴŘƛŎŀǘƻǊ ŜǾŜǊȅ ǘǿƻ 
years, assuming EPA continues to update its indicator. 

Final reviews or 
approvals needed 

Agreement with EPA and the University of Iowa to share data. 

 
 

Summary of Actions and Anticipated Costs 

Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?33 

/ǊƻǇ 9t!Ωǎ ŜȄƛǎǘƛƴƎ 
national indicator for the 
Chesapeake: initial year 

5 ~$1,500 Short-term EPA team Required 

/ǊƻǇ 9t!Ωǎ ŜȄƛǎǘƛƴƎ 
national indicator for the 
Chesapeake: future years 

5 10 hours/yr Short-term CBPO staff Required 

Total one-time cost  ~$1,500    

Total annual cost  10 hours/yr    

 
 

                                                           
32 Incremental cost beyond work that is already being performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field should indicate a cost of zero. 

33 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. In some cases, optional actions could include steps to 
transform a relatively weak or one-dimensional indicator that is available in the short-term into a more robust indicator in 
the longer term. 
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9. Acidifica tion  
 

Indicator at a Glance 

V Stage 1: Indicator defined 

V Stage 2: Data collection program in place 

not completed Stage 3: Methods developed/selected to transform data into an indicator  

not completed Stage 4: Data processed 

not completed Stage 5: Indicator developed for the Chesapeake  

 
Indicator value: 

¶ This indicator helps to address the Climate Resiliency goal and outcomes, as acidification is a stressor 
associated with climate changeτspecifically, the increase in atmospheric carbon dioxide (CO2) 
concentrations, which in turn leads to a higher concentration of carbonic acid in water. 

¶ Acidification makes it more difficult for shellfish, certain plankton, and other organisms to produce 
calcium carbonate, which is the main ingredient in their skeletons or shells. This issue affects 
Sustainable Fisheries, both by directly impacting certain shellfish (e.g., oysters) and potentially by 
affecting the growth of smaller organisms that are crucial to the food chain. In addition, changes to the 
acidity regime of a given area may cause stress to other species, at varying life stages, in ways not yet 
well understood. 

Relationship to other indicators in the proposed suite: 

¶ Acidification and Bay water temperature can serve as concurrent stressors on populations of aquatic 
organisms. 

¶ By harming certain species and disrupting the food web, acidification may ultimately influence fish 
population distributions.  

Notable opportunities, risks, and areas for enhancement: 

¶ pH data are prevalent as part of routine long-term monitoring throughout the Bay. However, some 
experts suggest that pCO2, alkalinity, and aragonite saturation state may be more ecologically relevant 
variables to present. These variables are not collected as widely or frequently as pH. Thus, this 
implementation plan suggests a phased approach: 

o Phase 1: A near-term indicator based on pH measurements that are already being collected. 
o Phase 2: An optional longer-term enhancement based on increased monitoring of aragonite 

saturation state or other variables in addition to pH. This component could benefit from an 
expanded data collection program, given that it traditionally takes at least two of the four main 
acidity-related variables (pH, pCO2, total alkalinity, and dissolved inorganic carbon) to resolve 
carbonate chemistry. However, research is also underway to investigate the use of pH as a proxy 
for acidification in the Chesapeake; the results of this research could help to inform the design 
of this indicator. 
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Stage 1: Indicator and Metric Definition 

V 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 understand, the indicator can present a mapping 
tool that shows trends over time at each individual site where long-term data have been collected, or possibly 
averages for each Bay segment. 
 
A future enhancement could involve replacing or supplementing pH data with measurements of aragonite 
saturation state (ʍa)τan acidity-related parameter that is often used for a more direct connection to biological 
effectsτor other recommended variables. Given the limited number of sites with recurring measurement of 
aragonite saturation state, a presentation of site-by-site results might be necessary. 
 

Additional Needs 

No further work is needed to define this indicator. 
 
 

Stage 2: Data Collection 

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

 

Data Source Information 

Dataset Chesapeake Bay long-term monitoring: pH. 

Source description Repeated in situ sampling at designated long-term monitoring sites; samples 
collected from shore, structures (e.g., bridges), or boats. pH is part of the standard 
suite of water quality parameters and it is measured throughout the water 
column. 

Organization that 
collects the data 

Maryland DNR and VIMS (with some data collected by Old Dominion University, 
Virginia DEQ, et al.); all organizations use consistent methods. 

Data source contact TBD. 

Rationale for selection Longest record of data collected throughout the Bay using consistent methods. 

Temporal coverage Mid-1984 to present. 

Frequency Monthly; twice a month from June to August. 

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

Spatial scale/resolution Data for individual sites. 

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

 
Development of this implementation plan involved consultation with the Mid-Atlantic Coastal Acidification 
Network (MACAN) and a review of the work they have done to assemble a map of acidity-related 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 

http://datahub.chesapeakebay.net/
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locations from a wide range of sources, including long-term monitoring programs, one-time studies, and 
sampling cruises, as shown in the map below.34  

 
 
Many of the sources captured by MACAN offer high-quality data within the mid-Atlantic region, but this 
implementation plan focuses on one source (described in the table 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 be 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): 
 

¶ The Chesapeake Bay Interpretive Buoy System (CBIBS). CBIBS has 10 buoys located throughout the Bay 
and key tributaries. All 10 buoys have been in place since 2010. With continuous data collection, CBIBS 
provides rich temporal resolution, but it does not provide nearly as many sites or nearly as many years 
of data as the 1984ςpresent long-term monitoring program that has been recommended for this 

                                                           
34 For more details, see http://portal.midatlanticocean.org/news/where-acidification-being-monitored-your-area/. 

http://portal.midatlanticocean.org/news/where-acidification-being-monitored-your-area/
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indicator. Also, some stations do not collect data year-round. That said, pCO2 data from CBIBS could 
ultimately help to inform the development of this indicator. 

¶ Long-term academic studies. Results from some academic studies have been published in the literature, 
but they may have more localized spatial coverage than the proposed data source for this indicator, and 
some of the data are considered proprietary (for publishing reasons) and therefore not readily 
accessible to support ongoing timely updates to the proposed indicator.   

¶ Data from long-running individual sites such as the CBL Pier at Solomons Island and the VIMS pier at 
Gloucester Point. These sites are frequently cited, and they have a notable advantage over the CBP 
long-term monitoring program in length of record. CBL has collected data since 1938; the VIMS pier 
dataset extends back to the 1950s. They do not provide the extensive spatial coverage of the long-term 
monitoring program or the satellite-based dataset, so they have not been suggested for this indicator. 
However, if a need arises for a metric based on a single site, these locations could be strong candidates. 

¶ The buoy at the Thomas Point lighthouse. Thomas Point has continuous data collection back to at least 
1985, and its record has been extensively studied and gap-filled. The data are readily available. While 
this site has the advantage of high temporal resolution, it does not offer more years of data than the 
long-term monitoring network, and it only covers one location. However, it could add value as a 
standard for calibration and assessment of variability. The team that developed the satellite-based 
dataset has proposed to use Thomas Point data to test the robustness of trends derived from both the 
satellite-based product and the CBP long-term monitoring network.  

¶ Sampling cruises. As the map shows, sampling cruises help to fill many of the spatial gaps within the Bay 
and its tributaries. They have some limitations for use in this proposed indicator, though: many were 
one-time studies, most are not scheduled for repeated data collection at the exact same locations every 
year, and they do not collect data throughout the year, like the proposed data source does. Thus, 
sampling cruises are arguably not optimal sources to support an indicator that tracks trends over time 
and is feasible to keep updated in the future. 

Some other programs have collected data from a stable 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 perhaps in gap-filling to help with 
refinement of interpolation methods. They just do not offer quite as strong a combination of temporal and 
spatial coverage as the CBP long-term monitoring program.  
 

Additional Needs 

No additional work is required for pH data, assuming that long-term monitoring continues as expected.  
 
A suggested optional enhancement to this indicator will require data on another dimension of acidification, such 
as aragonite saturation state. ʍa is derived from parameters that are measured at a small fraction of the long-
term monitoring sites described above. An enhanced indicator could examine trends in ʍa for the small number 
of sites where the underlying parameters are measured routinely, or it could be developed in conjunction with 
an expanded monitoring program that measures these variables at more locations. The following table describes 
steps that could be taken to support this enhancement. 
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Additional work needed   ¶ Determine whether to add ʍa or another variable other than pH to this 
indicator, and if so, decide whether to use existing data or attempt to expand 
data collection.  

¶ If expanding data collection: determine funding needs, secure funding, select 
methods, develop protocols, and coordinate with data collection/analysis 
programs to integrate this new variable into their analyses. In particular, 
coordinate with a!/!bΩǎ comprehensive monitoring plan. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Expertise in water quality analysisτavailable from CBPO staff and state partners. 
Expansion of data collection will require coordination with the agencies and 
organizations that conduct long-term monitoring. Also coordinate with the NOAA 
Chesapeake Bay PrƻƎǊŀƳ hŦŦƛŎŜΩǎ LƴǘŜǊǇǊŜǘƛǾŜ .ǳƻȅ {ȅǎǘŜƳ tǊƻƎǊŀƳ ό/.L.{ύΣ ǘƘŜ 
University of Maryland Chesapeake Biological Laboratory, and MACAN, and 
consider recommendations outlined in the 2014 report on acidification 
monitoring in the Chesapeake Bay.35  

Achievable timeframe ¶ Decision on a data source: possible within 1 year. 

¶ Expanded, operationalized data collection: likely long-term (>5 years). 

Estimated up-front cost ¶ No up-front cost for initial decision. 

¶ Expanded data collection: incremental cost TBD. 

Estimated annual 
maintenance cost36 

Expanded, operationalized ʍa data collection: incremental cost TBD. 

 
 

Stage 3: Method Development/Selection 

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

 

Method Information 

Methods have not been established. 
 

                                                           
35 Science Assessment of Chesapeake Bay Acidification: Toward a Research and Monitoring Strategy. 
http://dnr.maryland.gov/waters/bay/Documents/MDOATF/OA_ACT-CB_AcidificationWorkshopReport_March2014.pdf. 

36 Incremental cost beyond work that is already being performed. If a data collection program is already in place and fully 
funded for the foreseeable future, this field should indicate a cost of zero. 

http://dnr.maryland.gov/waters/bay/Documents/MDOATF/OA_ACT-CB_AcidificationWorkshopReport_March2014.pdf
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Additional Needs 

Phase 1: pH 

Additional work needed   ¶ Determine the most scientifically defensible approach to aggregate data over 
time. This indicator could be limited to a particular season (e.g., summer) if the 
intent is to represent worst-case conditions or focus on particular impacts (e.g., 
oyster reproduction), or it could be an annual average, recognizing that impacts 
on different species and systems occur throughout the year. In either case, 
averaging should account for variations in sampling frequency (i.e., twice as 
often during summer). 

¶ If presenting spatial averages, determine the most scientifically defensible 
approach to aggregate point data spatially. The most appropriate approach 
depends on the sampling density and the variable in question. For some 
variables, aggregations have been developed and published based on 
interpolation tools such as the Chesapeake Bay Interpolator. For others, 
analyses have been published based on area-weighted averages of the Bay 
segments that correspond to each sampling site. pH may require special 
consideration because it is measured on a logarithmic scale, so it cannot simply 
be aggregated by arithmetic averaging techniques.  

¶ Publish methods in peer-reviewed literature if they represent a novel approach. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Expertise in acidity data and spatial aggregation methodsτlikely available from 
experts at the CBPO and partner agencies. 

Achievable timeframe Within 1 year. 

Estimated up-front cost Internal cost: 100+ staff hours. 

 
Phase 2: Aragonite Saturation State (Optional Enhancement) 

Additional work needed   Develop temporal aggregation approach. Develop spatial aggregation approach, if 
sampling density is sufficient to allow aggregation. Publish methods in peer-
reviewed literature if they represent a novel approach. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Expertise in acidity data and spatial aggregation methodsτlikely available from 
experts at the CBPO and partner agencies. 

Achievable timeframe ¶ If using existing data collection program: within 1 year. 

¶ If requiring more data collection: >5 years. 

Estimated up-front cost Internal cost: 100+ staff hours. 

 
 

Stage 4: Data Processing 

 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 

Additional work needed   Apply temporal and spatial aggregation methods to the entire dataset; repeat for 
future years. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

GIS skills and software; possibly familiarity with interpolation tools for the 
Chesapeake Bay. CBPO staff or contractors can provide this support. 

Achievable timeframe ¶ pH data: within 1 year. 

¶ Enhancement if using existing data collection program: within 1 year. 

¶ Enhancement if requiring more data collection: >5 years. 

¶ Future processing: repeated annually. 

Estimated up-front cost TBD. 

Estimated annual 
maintenance cost37 

TBD. 

 
 

Stage 5: Indicator Development 

This stage involves turning the processed data into an indicator. It also requires complete technical 
ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛƴ ǘƘŜ /.tΩǎ ǎǘŀƴŘŀǊŘ ŦƻǊƳŀǘΦ 
 

 Status: Indicator not developed yet. 

 

Indicator Information 

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

Additional Needs 

Additional work needed   Create summary graphics and CBP-format technical documentation for the 
proposed first iteration of this indicator, based on pH. Maintain in the future. Add 
data and documentation for enhanced version when it is ready. 

Skills or resources 
needed, and what 
individuals or 
organizations have this 
capacity 

Familiarity with the data and methods. CBPO staff can provide this support. 

                                                           
37 Incremental cost beyond work that is already being performed. If a data processing program is already in place and fully 
funded for the foreseeable future, this field should indicate a cost of zero. 
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Achievable timeframe Initial indicator likely within 1 year; enhanced component in 1 to 2 years if based 
on existing data collection, or >5 years if based on an expanded data collection 
effort . 

Estimated up-front cost TBD. 

Estimated annual 
maintenance cost38 

TBD. 

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 indicatorτ
tracking changes of station-specific or Bay-wide pHτŀǊŜ ƴƻǘŜŘ ŀǎ άǊŜǉǳƛǊŜŘΦέ CǳǊǘƘŜǊ ǎǘŜǇǎ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ 
additional acidification metrics, such as ʍaΣ ŀǊŜ ƴƻǘŜŘ ŀǎ άƻǇǘƛƻƴŀƭέ ōŜŎŀǳǎŜ ǘƘŜȅ ǊŜǇǊŜǎŜƴǘ ŜƴƘŀƴŎŜƳŜƴǘǎ ǘƘŀǘ 
would strengthen the indicator, but are not pivotal for publishing the initial version. 
 

Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?39 

Phase 1: pH 

Determine appropriate 
aggregation approach; 
publish if needed 

3 
100+ staff 
hours 

Within 1 year 
CBPO staff and 
partner agencies 

Required 

Apply methods to entire 
dataset 

4 TBD Within 1 year 
CBPO staff or 
contractor with 
GIS capabilities 

Required 

Create initial indicator, 
including documentation 

5 TBD Within 1 year CBPO staff Required 

Repeat data processing in 
future years 

4 TBD/yr 
Repeat 
annually 

CBPO staff or 
contractor with 
GIS capabilities 

Required 

Update indicator in future 
years 

5 TBD/yr 
Repeat 
annually 

CBPO staff Required 

Phase 2: Aragonite Saturation or Other Enhanced Metric 

Determine what variable 
to use and whether 
expanded data collection is 
needed 

2 None 1 to 2 years 
CBPO staff and 
state partners 

Optional 

Expand data collection 
program 

2 TBD 
Likely more 
than 5 years 

Organizations that 
conduct long-term 
monitoring 

Optional 

                                                           
38 Incremental cost beyond work that is already being performed. If an indicator has already been developed and a program 
is in place to maintain it for the foreseeable future, this field should indicate a cost of zero. 

39 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. In some cases, optional actions could include steps to 
transform a relatively weak or one-dimensional indicator that is available in the short-term into a more robust indicator in 
the longer term. 
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Action Stage Cost Timeframe 
Who has capacity 
to do 

Required or 
optional?39 

Determine appropriate 
aggregation approach; 
publish if needed 

3 
100+ staff 
hours 

1 to 2 years for 
existing data; 
more than 5 
years if 
depending on 
expanded data 
collection  

CBPO staff and 
partner agencies 

Optional 

Apply methods to entire 
dataset 

4 TBD 

1 to 2 years for 
existing data; 
more than 5 
years if 
depending on 
expanded data 
collection  

CBPO staff or 
contractor with 
GIS capabilities 

Optional 

Create revised indicator, 
including documentation 

5 TBD 

1 to 2 years for 
existing data; 
more than 5 
years if 
depending on 
expanded data 
collection  

CBPO staff Optional 

Continue expanded data 
collection 

2 TBD/yr 
Repeat 
annually 

Organizations that 
conduct long-term 
monitoring 

Optional 

Repeat data processing in 
future years 

4 TBD/yr 
Repeat 
annually 

CBPO staff or 
contractor with 
GIS capabilities 

Optional 

Update indicator in future 
years 

5 TBD/yr 
Repeat 
annually 

CBPO staff Optional 

Total one-time cost 
όǊŜǉǳƛǊŜŘ άtƘŀǎŜ мέ 
component) 

 

100+ staff 
hours plus 
additional 
costs TBD 

   

Total annual cost 
όǊŜǉǳƛǊŜŘ άtƘŀǎŜ мέ 
component) 

 TBD/yr    

Total one-time cost 
(optional άtƘŀǎŜ 2έ 
component) 

 

100+ staff 
hours plus 
additional 
costs TBD 

   

Total annual cost (optional 
άtƘŀǎŜ 2έ ŎƻƳǇƻƴŜƴǘύ 

 TBD/yr    
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10. Bay Water Temperature  
 

Indicator at a Glance 

V Stage 1: Indicator defined 

V Stage 2: Data collection program in place 

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

not completed Stage 4: Data processed 

not completed Stage 5: Indicator developed for the Chesapeake 

 
Indicator value: 

¶ The water temperature of the Chesapeake Bay has far-ranging impacts, which touch on four of the goals 
identified in the Chesapeake Bay Watershed Agreement, including Vital Habitats, Sustainable Fisheries, 
Water Quality, and Climate Resiliency. 

¶ The water temperature of the Chesapeake Bay has numerous implications for marine ecosystems. 
Warmer temperatures lower the ability for water to carry dissolved oxygen and decrease aragonite 
saturation, while also contributing to conditions that support harmful algal blooms. Higher 
temperatures, and the conditions they promote, can stress aquatic ecosystems by making them less 
hospitable for certain species or by upsetting the competitive balance between species. 

¶ The impacts on ecosystems brought about by warmer water temperatures could lead to economic 
impacts by influencing fishing/crabbing and recreation in the Bay. 

Relationship to other indicators in the proposed suite: 

¶ Air temperature is the primary driver of Bay water temperatures. Stream temperatures also play a role, 
as they relate to the temperature of water that flows into the Bay. 

¶ The effect of Bay water temperatures can be reflected in the frequency and extent of harmful algal 
blooms, submerged aquatic vegetation composition, and fish population distributions. 

Notable opportunities, risks, and areas for enhancement: 

¶ Metric #1 of this proposed indicator takes advantage of an ongoing NOAA project to develop a remotely 
sensed estuarine surface water temperature product. However, the current dataset is relatively recent, 
it only covers a portion of the Bay, and peer-review validation is pending. Continued development of the 
remote sensing product and expansion to cover the entire Bay would enhance this indicator. 

¶ Metric #2 of this proposed indicator provides a complementary approach to examine longer-term 
trends over a larger area.  

 

Stage 1: Indicator and Metric Definition 

V Status: Indicator and its metrics have been defined. 

 

Indicator Description 

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

¶ The first metric will use satellite data to present a static map that shows water temperature trends over 
the period of record, spatially averaged over 1-km grid cells. The color of each grid cell on the map 
correspond to either the long-term rate of change or the total change (e.g., regression slope multiplied 
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by the number of years). Thus far, the remote sensing method correlates well with in situ measurements 
from 2007 to present for the southern portion of the Bay. Although these data are only available for 
about a decade, and they do not yet cover the whole Bay, the high spatial and temporal resolution and 
the prospect for continued data collection provide significant value in offering insight to Bay water 
temperatures of the recent past.  

¶ The second metric integrates approximately 150 in situ sampling sites throughout the Bay and its tidal 
tributaries. This dataset consists of records from 1984 to the present, collected through a standardized 
long-term monitoring program. The indicator development team can choose whether to interpolate the 
stations into a single Bay-wide trend (e.g., a line graph) or calculate site-specific water temperature 
trends for each of the sampling locations (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. 
 
Some end-users 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 above proves to be problematic, another option would be to select one location for a 
long-term metric.  
 

Additional Needs 

No further work needed to define this indicator. 
 
 

Stage 2: Data Collection 

V Status: Data collection program in place. 

 

Data Source Information 

Metric #1: Remotely-sensed data 

Dataset   Daily remotely-sensed Bay water temperature. 

Source description Daily water temperature measurements obtained by satellite and averaged by 1-
km grid cells. 

Organization that 
collects the data 

NOAA National Environmental Satellite, Data, and Information Service (NESDIS). 

Data source contact Ron Vogel, NOAA, ronald.vogel@noaa.gov. 

Rationale for selection Despite the relatively short temporal coverage, this source possesses high spatial 
and temporal resolution, as well as robust scientific methods. In addition, NOAA 
has indicated that retroactive expansion of the dataset back to 2002 might be 
possible. Satellite data can be compared with in situ point data to confirm data 
quality. 

Temporal coverage 2007ςpresent. 

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 project). 

Spatial scale/resolution 1-km grid cells. 

Access to data https://eastcoast.coastwatch.noaa.gov/time_series_cd.php. 

 

mailto:ronald.vogel@noaa.gov
https://eastcoast.coastwatch.noaa.gov/time_series_cd.php
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Metric #2: In situ data 

Dataset   Monthly in situ Bay water temperature. 

Source description Repeated in situ sampling at designated long-term monitoring sites; samples 
collected from shore, structures (e.g., bridges), or boats. Water temperature is 
part of the standard suite of water quality parameters. 

Organization that 
collects the data 

Maryland DNR and VIMS (with some data collected by Old Dominion University, 
Virginia DEQ, et al.); all organizations use consistent methods. 

Data source contact None identified. 

Rationale for selection Longest record of data collected throughout the Bay using consistent methods. 

Temporal coverage Mid-1984 to present. 

Frequency Monthly; twice a month from June to September. 

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

Spatial scale/resolution 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 sources offer high-quality 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 can be 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): 
 

¶ The Chesapeake Bay Interpretive Buoy System (CBIBS). CBIBS has 10 buoys located throughout the Bay 
and key tributaries. All 10 buoys have been in place since 2010. With continuous data collection, CBIBS 
provides rich temporal resolution, but it does not provide nearly as many sites or nearly as many years 
of data as the 1984ςpresent long-term monitoring program that has been recommended for this 
indicator. Also, some stations do not collect data year-round. CBIBS data could add value in other ways, 
thoughτperhaps as a supplementary source for a future expansion of this indicator, or for calibration to 
help with further refinement of satellite data methods. 

¶ Data from long-running individual sites such as the CBL Pier at Solomons Island and the VIMS pier at 
Gloucester Point. These sites are frequently cited, and they have a notable advantage over the CBP 
long-term monitoring program in length of record. CBL has collected data since 1938; the VIMS pier 
dataset extends back to the 1950s. They do not provide the extensive spatial coverage of the long-term 
monitoring program or the satellite-based dataset, so they have not been suggested for this indicator. 
However, if a need arises for a metric based on a single site, these locations could be strong candidates. 

¶ The buoy at the Thomas Point lighthouse. Thomas Point has continuous data collection back to at least 
1985, and its record has been extensively studied and gap-filled. Measured data are readily available, 
but the full gap-filled series is not. While this site has the advantage of high temporal resolution, it does 
not offer more years of data than the long-term monitoring network, and it only covers one location. 
However, it could add value as a standard for calibration and assessment of variability. The team that 
developed the satellite-based dataset has proposed to use Thomas Point data to test the robustness of 
trends derived from both the satellite-based product and the CBP long-term monitoring network.  

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

http://datahub.chesapeakebay.net/



