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Chesapeake Bay Agreement: 
Restoration Goals

Sustainable Fisheries 
Vital Habitat
Water Quality 
Toxic Contaminants 
Heathy Watershed    
Climate Resiliency 
Land Conservation
Stewardship
Public Access 
Environmental Literacy 

Enforceable 
Goal

Water Quality Standards
Designated Uses

Water Quality 
Criteria

Dissolved Oxygen, 
Water clarity/SAV,

& Chl-a 
across 5 habitats

TMDL: Stressor 
Reduction Goals

Targets: Nitrogen, 
phosphorus, 
sediment loads to 
achieve water quality 
criteria 

TN: 214.6 m/lbs/yr
TP: 13.4m lb/yr
TSS: 18,587m lb/yr

Living Resource Response to WQ

Li
vi

ng
 R

es
ou

rc
e 

Ab
un

da
nc

e
Implementation Policy 

Policies designed to reduce 
stressors to achieve WQS. 

Point source 
Urban nonpoint source
Ag nonpoint source 
Budgets

Public Policy

Biological, Physical, and Social System Response
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Watershed Framing 
Questions
• Is the physical and social system responding to 
management efforts to meet TMDL N, P, and S 
goals in ways consistent with expectations?

• What are the major uncertainties in efforts to 
reduce N, P, and S stressors delivered to the 
Chesapeake Bay?

• What management actions/policy options could 
improve nutrient/sediment response or reduce 
response uncertainties? (see implications)



Watershed Summary

• The most significant source of contemporaneous nutrient and sediment loads originates from agricultural and urban NPS. Watershed‐scale 
water quality monitoring suggests that NPS management actions have had mixed success in reducing nutrient and sediment loads 
delivered to the Bay. The divergence between expected and realized load reductions is particularly problematic for phosphorus. 

• The limited response could be attributed to a number of factors including: 1) lag times between BMP implementation and water quality 
response are significant, yet the TMDL will ultimately be achieved, but after 2025; 2) BMP and NPS program implementation are not as 
effective as expected, due to both technical and behavioral responses. 

• While there is evidence to suggest that part of the gap is attributable to lag times, there is substantial evidence that NPS program 
effectiveness is also responsible. 

• An implementation gap also exists between what is expected and what can be achieved through existing NPS incentive programs (e.g., 
can conventional voluntary BMP programs generate sufficient levels of behavioral change and implementation to achieve TMDL reduction 
goals). Little historical evidence exists in the Bay watershed or elsewhere to show that conventional, voluntary, incentive‐based programs 
can generate and sustain the magnitude of NPS load reductions needed to meet water quality standards. 

• To meet TMDL and water quality goals NPS management programs will require fundamental policy changes. Allocating more resources 
within the same programs will be insufficient to meet TMDL goals. Given the current level of investment, the costs (and associated 
uncertainty) of additional nutrient and sediment reductions will increase, suggesting a need to further strengthen adaptive management in 
the system. 



Estuary Framing 
Questions
• Is estuary water quality responding in ways consistent with 
expected response to stressor reductions (N,P, & S) achieved 
to date?

• What are the major uncertainties in efforts to assess Bay 
water quality criteria (DO, water clarity/SAV, chl-a)?

• What are the major uncertainties in efforts to achieve Bay 
water quality criteria (DO, water clarity/SAV, chl-a)?

• What management actions/policy options could improve 
estuary water quality (criteria) response? 



Estuary Summary

• N and P concentrations have declined in the vast majority of segments where loads were reduced, while water quality trends in Coastal Plain 
watersheds show evidence of decline. Recent patterns in TN load and concentration reductions have been linked to a resurgence of submerged 
aquatic vegetation (SAV) in many regions of the Bay.  Dissolved oxygen has shown a complicated response to nutrient load changes. Although 
the overall summer hypoxic volume did not change over the past 35 years, some metrics of oxygen conditions improved (including Deepwater 
DO). It appears that warming as well as physical controls such as stratification has limited the otherwise positive oxygen response to the TMDL.

• While DO is good integrative indicator of mainstem conditions, it does not reflect conditions in the shallow water habitats (T-zones), where large 
portions of the Bay’s living resources occur. DO in these habitats responds to an increased number of variables beyond nutrient and sediment 
reductions, and an understanding of these dynamics is critical for both identifying effective management actions in the shallow waters 
themselves, but also to understand the relationship between shallow water habitats and WQS in other habitats (e.g., Deepwater DO).  Despite 
the importance of the T-zone, the bioreactivity of triblets, and the importance of coastal areas to stakeholders, these landscape elements are not 
explicitly represented in the Bay model, nor are they monitored to support understanding.

• Ecological ‘tipping points’ are a reality at the scale of subsystems in the Bay, and have been demonstrated to exist in water clarity, dissolved 
oxygen, and SAV relationships.  Developing a better predictive understanding of tipping points and their causes, especially those that focus on 
developing early restoration signals to provide more immediate feedback on implementation effectiveness of various TMDL actions, should be a 
priority for both monitoring and modeling.  Ecological tipping points in one part of the estuary need to be tested in other parts of the estuary, 
particularly with regard to salinity regimes.

• A future vision for the Chesapeake Bay that does not simply attempt to revert to some historical reference point for water quality and living 
resources within the Bay must be created.

• The restoration focus must point the way to a future that provides a Bay that meets societally agreed upon needs and expectations, while also 
incorporating expected changes in Bay attributes due to population growth, land use changes, and widespread impacts of climate change. This 
vision will be continually informed by developing early restoration signals to provide more immediate feedback on implementation effectiveness 
of various TMDL actions.



Living Resource 
Framing Questions
• To date, how is the CBP assessing the response of LR to 
management actions designed to improve WQ and habitat? And 
how does this compare to other large-scale restoration programs?

• What are the challenges relating the response of living 
resources to current numeric water quality criteria and habitat 
actions, recognizing that living resource conditions are affected by 
changes in multiple factors? 

• What can be done to improve confidence in understanding LR 
response to WQ conditions?

• What LR reflect or are responsive to WQ conditions? How can 
the analyses inform what types and magnitude of changes in water 
quality and habitat are needed to evoke an agreed-upon set of the 
desired living resources responses?



Living Resource Summary

• There is long history of assessing habitat quality and quantity on organisms of the Chesapeake Bay, and the degree to which specific aspects of water quality and habitat (e.g., 
DO, wetlands) are identified as the causes of detected changes in the living resources vary widely among these analyses.  To date, there has not been a comprehensive 
examination of living resources responses in-situ that also attempts to relate the responses to CBP actions. Instead, the responses of living resources have been considered in 
two ways: 1) the use of species tolerances and habitat affinities in the up-front designing of the water quality criteria and designated uses for regions throughout the Bay; and 2) 
examination of the long-term trends of species that are tightly linked to the water quality goals (e.g., seagrass).  

• By improving water quality, you have maintained the ability of water quality to support LR in the Bay in spite of increasing anthropogenic stressors.  However, while the WQS are 
a necessary factor in the support of LR, they are not sufficient alone.  Much larger levers, or factors, in the presence and abundance of LR (e.g., substrate, temperature, salinity, 
fishing pressure) are not under the direct control of the Partnership.  Therefore, there should not be an expectation that LR will respond in a relative way to improvements in water 
quality.

• The relationship between attainment of all WQS and the capacity of WQS to support LR may not be linear, and may exhibit plateaus at both ends of the attainment axis (i.e., non-
attainment and full attainment of all standards).

• While a comprehensive response of LR abundance is not feasible, a robust LR assessment could provide an answer in terms of capacity to support LR.  There are four major 
pathways for assessing living resource responses to potential management actions (including and beyond WQS):

• Status-quo: Continue with reliance on the design of the water quality standards, the examination of habitat improvements (e.g., acres of wetlands), and selected temporal trends 
in a relatively limited number of indicator species;

• Moderate expansion: Expand on the status-quo habitat construction and indicator species approach in terms of adding Bay-wide assessment of habitat changes and additional 
species, and perform, when feasible, analyses linking detected responses to specific aspects of water quality and habitat (although not necessarily to CBP actions);

• Major expansion: Expand on the habitat construction and indicator species approach but start at the beginning and design a systematic approach with the purpose of making 
statements at the population and food web levels and attempt to attribute responses to specific water quality and habitat variables and further to CBP-related actions;

• New approach: Continue with the status-quo, but also design and implement a comprehensive living resources assessment that examines population and food web level 
responses and is wide-ranging enough to enable statements about specific species responses to CBP actions and also about the health and status of the whole Bay ecosystem. 

• Evaluating the different options for assessing living resource responses involves systematically proceeding through the framework presented in the Resource Document and 
draws on 12 major concepts.  While a comprehensive response of LR abundance is not feasible, a robust LR assessment could provide an answer in terms of capacity to support 
LR.



Expand Adaptive Governance/Management. The attainment of WQS will only get costlier and the effectiveness of 
nutrient/sediment investments more uncertain; therefore, the program must evolve beyond its current adaptive 
management approach.  Four actions would move the partnership towards this goal: 

• Acknowledge the formalization of AM in the SRS process but recognize 
that there are limitations in its implementation; the process needs revision 
in the context of future challenges.

• Structure the work of the partnership in a way that honors diversity, 
transparency, inclusivity, and the sound integration of technical knowledge, 
and appropriately matches the decision making party to the decision at 
hand.

• Move towards active adaptive management, which implies a focus on 
experimental design to improve/evaluate technical/behavioral responses, 
explicitly addresses uncertainty, effectively utilizes monitoring resources, 
and reevaluates goals.

• Envision a future Bay, including future WQS and an organizational 
approach to decision-making that approaches its decisions as social ones, 
informed by technical/science-based information (rather than the opposite).

• Clearly define what we mean by adaptive management at different portions 
of the cycle and at varying levels of scale.  
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Rethink Criteria.  Given what we’ve learned and the changing stressors on the Bay, it will be 
necessary to reconsider desired endpoints and/or reevaluate how they are defined.  Defining and 
assessing criteria must be tightly linked; recommendations under each are as follows:

• Utilize a structured process to directly link WQS to the Living Resources (LR) of importance. Four 
revisions to the WQS could emerge: 1) a revision to the existing criteria (DO, Chl-a, water clarity), 
which could include changing a) the value of the criteria (e.g., 3 mg/l to 2 mg/l), b) the mode of 
expression of any given value (e.g., probabilistic vs deterministic), c) where and how criteria is 
measured (30 day, 7 day, 1 day avg, or d) where the criteria are measured; 2) the addition of 
variables on which to base criteria; 3) the clear distinction of potential vs realized LR; and 4) a new 
definition of the Living Resources of importance.

• Identify which criteria should be articulated and managed in terms of variation and not by central 
tendency (means).

• Stop utilizing the deep trench DO as the ultimate determiner of management actions and the 
measure of success.  While it is an integrator of conditions and easy to measure, it is slow to 
respond to management actions and will likely be the most challenging criteria to attain.



Rethink Criteria.  Given what we’ve learned and the changing stressors on the Bay, it will be 
necessary to reconsider desired endpoints and/or reevaluate how they are defined.  Defining and 
assessing criteria must be tightly linked; recommendations under each are as follows:

Expand monitoring to include habitats where 
written criteria are not being adequately assessed 

for attainment (e.g., shallows).

Increase the capacity to be flexible and adaptively 
monitor, e.g., assessing rates, adjusting temporal 

and spatial scales when necessary.



More Effective Implementation. The existing NPS programs will be insufficient to meet TMDL 
goals.  Both physical (BMP effectiveness) and social (behavioral change) aspects of implementation 
need revision to make substantial progress in reducing nonpoint source nutrient/sediment loads:

• Improve capacity and incentives to target NPS investments and 
requirements.  Potential improvements include technical targeting of 
investments, different program designs to incentivize desirable 
management actions, and more targeted regulatory requirements.
• Increase management focused on addressing mass imbalances.
• Allow alternative ways to account and comply with the TMDL.
• Establish opportunities that test the efficacy of different strategies and 

management approaches (social and physical). Such experimentation 
requires tailored monitoring strategies for evaluation.



Evaluate Tradeoffs/Allocate Resources Appropriately.  The TMDL operates in the context of a 
larger set of goals and a future of changing conditions; this implies that success will involve both a 
reflection on our goals as well as how we design our approach:

• In considering water quality criteria (definition, location, criteria), recognize tradeoffs between 
cost/attainability and potential gains in living resource response from WQ improvements.

• Consider that the existing WQ endpoints that have been chosen may not be necessary to achieve 
the broader range of goals identified in the Agreement.

• As written, the TMDL needs to (and can) be better aligned with those broader Agreement goals.
• It will be important to more directly assess response of LR to water quality criteria, beyond capacity 

or realized habitat.  
• The achievement of WQS is dependent on several larger system drivers (e.g., temperature, 

salinity) that are outside of the control of the Partnership.  More importantly, LR will be more 
responsive to some of these larger system drivers than they are to management efforts to control 
NPS.  In order to better isolate the relationship between WQS and LR, we need to expand the list 
of highly monitored variables (in additional to the 3 WQs) to include temperature, salinity, and 
others associated with climate change.
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CESR Finalization Process

• STAC Member “Red Flag” Review (2 weeks): STAC members will review outline points and 1) identify any points that are not 
understandable in their current form; 2) flag points that you find objectionable for inclusion, and 3) propose points for 
Implications that appear to be missing. Denice will receive and vet with SC. 12/17/2021

• CESR Report Version 1.0 to Steering Committee (~6 weeks): Denice and Kurt (editors) send draft to Steering Committee based 
on Writer’s Group outline.  Editors will work informally with members of the writer’s group to clarify and refine text. 1/7/2021

• Steering committee sends comments on V.1 back to editors (2-3 weeks): Comments directed at content, indicating points that 
need clarification, errors, and fundamental disagreements. We will use a technical editor. 1/28/2021

• Version 2.0 to Steering Committee (3 weeks): Denice and Kurt revise document based on steering committee comments and 
deliver version 2.0 to Steering Committee. 2/18/2021

• Steering Committee reviews Version 2.0 (2 weeks):  Any remaining issues are addressed and Steering Committee approves 
final version. 3/4/2021

• Steering Committee sends out Version 2.0 to STAC (2 weeks): STAC responds to Steering Committee as per: 1) agree (absence 
of comment indicates consent); 2) errors and omissions of content, or 3) serious concerns with report content documented.  
3/18/2021

• Steering Committee directs editors to revise document based on STAC member comments, if appropriate. (1 week). 
• Steering Committee releases final version to STAC. STAC members will be asked to formally approve of the document. 

3/25/2021











On the 
Twelfth Day 

• Please respond to Denice with 
concerns and comments (Red Flag 
Review) on content by 17 December
• Please contact Denice and/or Steering 
Committee with process and format 
comments
• Recommendations/thoughts re: 
utilizing trusted “policy readers”


