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Recommended Actions
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• We propose new work to extract more information 
from water quality standards attainment assessment, 
including exploration of concepts such as “percent to 
attainment” and “beyond capacity.” 

• Our focus is to provide complementary information 
to the existing water quality standards attainment 
indicator (not to replace it).

• We will work with the communications team on 
products development.

• We seek for WQGIT approval to proceed with the 
planned work and WQGIT input on work priority, 
scope, and schedule. 



 Water Quality Criteria

 Current Attainment Indicator

 “Attainment Deficit” Concept

 “Beyond Capacity” Concept

 Proposed Next Steps
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Water Quality Criteria 
Dissolved Oxygen

Source: Tango and Batiuk (2013)
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Water Quality Criteria
Water Clarity/SAV

Source: Tango and Batiuk (2013)
5



Water Quality Criteria
Chlorophyll-a (recommended)

Source: Tango and Batiuk (2013)
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Water Quality Criteria
Full Assessment
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Water Quality Criteria
Indicator Assessment
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 Water Quality Criteria

 Current Attainment Indicator

 “Attainment Deficit” Concept

 “Beyond Capacity” Concept

 Proposed Next Steps
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Construct CFD

Water Quality Criteria Assessment

Bi-weekly to Monthly 
observations

Monthly interpolations Combine interpolations 
for a specific season, 

over 3-year period
(DO, Chl-a, clarity)

Yes/no each 
segment in 
this 3-year 
period

…
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Single combined indicator
A Bay-wide fractional attainment 
indicator computed on a surface-
area basis for all designated uses
• Equal weight of the three criteria 

for each segment 
• Surface area-weighting 

(considering relative size)

Water Quality Criteria Attainment Indicator
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Criteria Designated Use Threshold

Number of 

Applicable 

Segments

Dissolved 

Oxygen

Migratory Fish Spawning 

& Nursery (MSN)

30-day mean, 

February-May

73

Open Water (OW) 30-day mean, June-

September

92

Deep Water (DW) 30-day mean, June-

September

18

Deep Channel (DC) Instantaneous, June-

September

10

Chloroph

yll-a

Open Water (OW) Chlorophyll-a 

concentrations

7

SAV and 

or Water 

Clarity

Shallow Water (SW) Segment-specific 

water clarity and bay 

grass acreage goals

79

(91/104 

split)



Water Quality Criteria Attainment Indicator

The attainment indicator presently uses a subset of the criteria otherwise 
necessary for a complete accounting of the three WQ criteria categories. 

1. DO Criterion
• Assumption: the attainment of the 30-day mean dissolved oxygen criterion can 

serve as an “umbrella” assessment to the remaining criteria applicable.
• Migratory Fish and Spawning Nursery: applied the 6 mg/L 7-day mean DO 

criterion as if it were a 30-day mean to represent protections. 
• Open-Water: 5 mg/L 30-day mean DO criteria. 
• Deep-Water: 3 mg/L 30-day mean DO criteria. 
• Deep-Channel: 1 mg/L instantaneous minimum DO criteria. 

2. Shallow-Water SAV Criterion
When water clarity assessment data are available, the shallow-water bay grasses 
designated use is considered in attainment if: 
1. sufficient acres of SAV are observed within the segment; and/or 
2. enough acres of shallow-water habitat meet the applicable water clarity 

criteria to support restoration of the desired SAV acreage for that segment. 
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Water Quality Criteria Attainment Indicator

3. Chlorophyll criterion
• Applied to the open-water designated use for: 

• James River segments: Criteria attainment assessed during spring 
(Mar1-May31) and summer (Jun1-Sep30) seasons; both seasons must 
be meeting the standards for the segment to be in attainment. 

• District of Columbia’s Upper Potomac River and Anacostia River 
segments: Criteria attainment only assessed during the summer 
(Jun1-Sep30) season. 

1+2+3. Single combined indicator
• Summarized for every applicable designated use and criteria 

contained within each of the 92 segments. 
• A Bay-wide fractional attainment indicator:

• Equal weight of the three criteria for each segment
• Surface area-weighting (considering segments’ relative size)
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Water Quality Criteria Attainment Indicator
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Single 3-year Period Pass/Fail 
for Shallow Water Segments 

(Bay Grasses/Clarity)

Area-Weighted Fraction of Bay In Attainment 
for Each 3-year Period



Water Quality Criteria Attainment Indicator
By Designated Use
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 Water Quality Criteria

 Current Attainment Indicator

 “Attainment Deficit” Concept

 “Beyond Capacity” Concept

 Proposed Next Steps
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Percent to Attainment
If not at attainment, is it getting closer?

• Single Segment Attainment 
• Is criteria met? Yes/No
• Either 0 or 1

• Single Segment Percent to 
Attainment (or “Deficit”)
• Status: How close is the segment to 

attainment?
• Percent to attainment = 100% –

percent segment out of attainment
• For DO and Chlorophyll DUs, this is 

both spatial and temporal (CFD 
Curves)

• SW based on acreage goal
• Trend: are individual segments 

getting closer to or farther away 
from attainment?

• Previous work led by Mindy Ehrich
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Years Attainment Percent to 
Attainment

1985-1987 Y 0

1986-1988 Y 0

1987-1989 Y 0

1988-1990 Y 0

1989-1991 Y 0

1990-1992 Y 0

1991-1993 Y 0

1992-1994 N -2.94

1993-1995 N -9.03

1994-1996 N -9.04

Segment X Open Water DO



Percent to Attainment
If not at attainment, is it getting closer?
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Segment JMSPH (Mouth of James River) 

Chl-a summer and spring attainment deficits from 1985-2014

Spring improved while summer got worse



Percent to Attainment
Categorization for Dissolved Oxygen
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How close to attainment is the segment?

~100%: At attainment
95-100%: near attainment

80-95%: out of attainment

0-80%: far from attainment

Classification scheme
Not scientifically driven; merely a 
tool to better visualize attainment 

status and spatial patterns



Draft

Percent to Attainment
Deep Water DO 2011-2013
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Status (2011-2013)

Category Count

~100% 4

95-100% 2

80-95% 10

<80% 2

The Lower Bay is doing well.

Mid Bay is not doing well, and 
the Lower Potomac River has 
been degrading.

Trend (1985-2013)

Category Count

Significant ↑ 0

Significant ↓ 1

Most Deep Channel segments have 
not been near attainment over the 
time series. 

For binary attainment

non-green = red



 Water Quality Criteria

 Current Attainment Indicator

 “Attainment Deficit” Concept

 “Beyond Capacity” Concept

 Proposed Next Steps
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Beyond Capacity
If at attainment, how much resilience does it have?

• Single Segment Attainment 
• Is criteria met? Yes/No
• Either 0 or 1

• Single Segment Percent to 
Attainment

• Single Segment Beyond Capacity
• Status: How much buffer does 

the segment have?
• Manipulating the thresholds (e.g., 

DO criteria) to test the 
“resilience” of the segments with 
respect to a specific criterion 

• What is the max DO threshold for 
a segment to be classified as at 
attainment?

• Trend: are individual segments 
becoming more resilient or not?
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Years Attainment Percent to 
Attainment

Beyond 
Attainment

1985-1987 Y 0 +?

1986-1988 Y 0 +?

1987-1989 Y 0 +?

1988-1990 Y 0 +?

1989-1991 Y 0 +?

1990-1992 Y 0 +?

1991-1993 Y 0 +?

1992-1994 N -2.94 -2.94

1993-1995 N -9.03 -9.03

1994-1996 N -9.04 -9.04

PAXTF Open Water DO



Beyond Capacity
If at attainment, how much resilience does it have?
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Beyond Capacity
If at attainment, how much resilience does it have?

Information Loss
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Beyond Capacity
If at attainment, how much resilience does it have?
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???

SASOH: Sassafras River       WICMH: Wicomico River
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Reflections
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• The indicator has rules for overcoming the lack of full 
information on short-term criteria required for declaring a 
segment’s full status.

• We can show the raw accounting compared to data that are 
missing, if the true attainment measure is wanted.

• The “attainment deficit” and “beyond attainment” quantification 
provides new information on water quality conditions and 
trends -- potentially useful for guiding decision making 
through more targeted allocations of resources.
• 2 “failed” segments can be different in terms of “severity”.
• 2 “passed” segments can be different in terms of “resiliency” 

(and our confidence/certainty in the attainment status).



Proposed Next Steps
Priority? Timeline? Workplan? Communication?
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1. Quantify status and trends in (binary) attainment, attainment 
deficit, and potentially beyond capacity.

2. Visualize spatial patterns in attainment and attainment deficit.
3. Evaluate segment behaviors by groups (salinity, rivers, etc).
4. Explore “beyond capacity” through computer code adjustment.
5. Incorporate new assessment protocols for handling short-

duration criterion (pending STAC response to new addendum).
6. Compare attainment results with findings from trend analysis 

of station-based data (e.g., GAMs) and insights from the 
Chesapeake Bay Modeling System.

7. Link results to watershed factors (perhaps on tributary basis).
8. Explore volume-based indicators (e.g., hypoxic volume).


