Achieving Water Quality Goals in the Chesapeake
Bay:. A Comprehensive Evaluation of System
Response (CESR) .
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Why this report, at this time, by these people?
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Public Policy
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Public Access
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Biological, Physical, and Social System Response i
Living Resource Response Achieving TMDL:

How are living resources
responding to changing
water quality conditions?

Achieving Water Quality Standards

Chesapeake Bay

"

Are nutrient & sediment reductions
producing expected water quality
response?

Are implementation policies and

management actions sufficient to

achieve nitrogen, phosphorus and
sediment goals in the TMDL?



Summary of CESR Findings and Implications

Living Resource Response

Achieving Water Quality Standards

Achieving TMDL

Findings: The impact of WQ
improvements on living resources
depends on where WQ improvements
occurs, antecedent conditions, &
impact varies across species.

Implications: Potential to increase the
impact on living resources from our
WQ and restoration investments.

Findings: Bay water quality is improving,
but the magnitude of the improvement
appears to be lagging behind
expectations

Implications: Full (100%) achievement
of Bay water quality standards is a
distant and doubtful.

Findings: Nonpoint source programs are
not generating the scale of reductions
needed to achieve TMDL

Implications: To substantially improve
nonpoint source outcomes will require
new programs and approaches

Overarching Finding: Complex problem with tradeoffs, uncertain outcomes, and no single “silver bullet” answer

Overarching Implication: Experiment, learn, and adapt



Finding: Nonpoint source programs not generating enough pollutant
reductions to meet the TMDL.

mmmm Nonpoint source reductions are essential to meeting pollutant reduction goals.

Nitrogen

2022 N Loads (CAST)
(Millions Ibs/yr)

Natural (45)

Atmospheric
Deposition (17)

Septic (8)

Wastewater (31)

Agriculture
(114)

Point source nutrient loads, primarily Phosphorus

wastewater loads, have been dramatically
reduced already, leaving little opportunity
for more reductions. The CESR report
focuses on the largest, manageable
sources of nutrients to the Bay —
agricultural (green) and urban (dark green)
nonpoint source pollution.

Agriculture
(4.0)

Urban
2.7)

2022 P Loads (CAST)
(Millions lbs/yr)

mmmm Current nonpoint source programs are not producing enough adoption.

N Reductions

Nonpoint Source Total
Reductions To Date Reductions

1985-2009

2009-2022 Still Needed

23.2
mil [b

5.8
mil b

To reduce nutrient pollution, new approaches must accelerate
adoption of nutrient reduction practices in the locations with the
greatest load reduction potential. Over 50 million pounds of nonpoint
nitrogen reduction is still needed to meet the current target, but it
has taken over a decade to generate less than six million pounds of
nonpoint nitrogen reductions.



Findings: Achieving Pollutant Reductions

Nonpoint source programs may not be as effective as expected

Long term Trends in Total Phosphorus Loads Total Phosphorus Loads, Choptank
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What might explain the difference?

Lag times (solution: wait)

Knowledge gaps and uncertainties in
understanding system response



Annual loading reduction rate,

millions of pounds per year
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Phosphorus Response Gap

Chesapeake Bay TMDL Load Indicator

Total Phosphorus

J

<+— P reductions predicted

> Estimated P Response Gap

<

j Estimated lag time
<4—= P reductions observed

2021 -

T T T T T T T T T T T T T T T T T T T T T T T T T
n O I~ 00 OO O 4 &N OO < N W N 0 O 0O 94 NN W N~ 00 Oy O
o OO OO O OO O O O O 9O O 9O 0o 0 O d d d d d Hd d d d I
a oo oo oo 0 O O O O O 0O 0O 0O 0o O 0o 0o o 0o 0 o o o o o o
— 1 — — o~ o~ (o] ™~ o~ o~ N N N NN o o~ (o] o~ o~ o~ o~ N N N

Implemented and realized
Future implementation

B Climate adjustment

Implemented but lagged

m WIP shortfall

RIM expected but not seen

Conowingo adjustment

https://mww.chesapeakeprogress.com/charts/tmdlphosphorus-2



Bay TMDL Indicator ©

VIEW CHART

= Nitrogen

Annual loading reduction rate, millions of pounds per year
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Response gaps at local scales (Phosphorus)
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Source:

Response gaps at local scales (Nitrogen)
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Different Stories Across the Watershed
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Nonpoint Source Policy

State
WIPs Implementation
Programs
 — ‘=‘ Nonpoint source
: -l @ : [ ) $ offer ‘TJ'.-.‘ implementation programs
v = " Cost share [ J Adoption BMP
(% of BMP llIul--l ' |
cost) I
| TMDL nonpoint source
Predictions of N, State reporting ' accounting and
P, & sediment CAST D el i el i . accountability

reductions
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The problem with coarse scale

200 acre subwatershed in pasture
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Scenario Willing
Adopter

Actual Starting 1000 Ibs
CAST 2000 Ibs
Assumed
Starting
CAST w/BMP: 1500 lbs
50% reduction
on 50% of area
Actual w/ 50% 500 lbs

reduction by
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Low Adopter
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Targeting Conservation

’ Larger scale makes it more difficult to pinpoint the problem
Targeting helps identify problem areas (red square)



Incentivize Outcomes

2
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Cover crops Livestock Exclusion Fencing Bioreactor

S 8. L 1 o 4
| / LA ™!
T 3 \

. Low upfront installation costs High up front installation costs
Private benefits No private benefits
’ Under voluntary cost-share programs, adoption rates fall from left to right

Would different incentive systems create different adoption behaviors?



Additional Focus on Mass Balance

3x increase in
animal numbers

INPUT OUTPUT
C) %
Result: ® a4
L5 ,;)‘5

Increasing N

and P loads
STORAGE
in soil,
groundwater,
and plants

4x increase
in BMPs

Sabo et al. 2021




Pay for Performance (outcomes)
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Brief Refresher on Bay Water Quality Criteria

92 “segments”
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Estaimated Percent Attainment

Attainment of Water Quality Criteria Across Habitats
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Finding: Water quality is improving, but not as expected. Some
habitats are resistant to improvement, suggesting that our goals
might not be met, or at least might remain unmet until the distant
future.

S = er : Shallow Vvater
~72% of the DO L ~ o : o’ 3 ' ~12% of the water
goal met in 2018 3 : o E clarity goal metin 2018

~42% of the DO
goal met in 2018

~13% of the DO
goal met in 2018
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Why?

Load reductions are not
sufficiently large over an
extended period

Climate change, especially
warming of Bay waters,
has dampened the
response that we expected
from load reductions

Pollution Loads and River Flow to the Chesapeake Bay (1990-2021) ©

River and Watershed Input of Pollution Loads. Years denote the water year measured between October 1 and September 30.
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With Nutrient Reductions If 35 years of nutrient

£ reductions had not occurred,
J.é Hypoxia hypoxia would have:
o

30 >+ Been 20-120% larger

for O, <3 mg L

=+ Been 30-280% larger

-1
Without Nutrient Reductions forO,<1mgL

=+ Extended further south
Hypoxia in the Bay

Depth (m)

>+ |asted longer during

30 dry years
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Priority Living Resource Areas
Chesapeake Bay

Susquehanna River

Priority Level

B e
MEDIUM Baltimore 4

Patapsco River

Chester River

N

‘Chesapeake Bay Program
A Watershed Partnership

Ontario

. 1\ Atlantic
. Washington NC Ocean
Potomac River A Choptank River
[’
Species Included
Menhaden Blue Crab
Striped Bass Oyster
Anchovy Soft Shell Clam
Patuxent Nanticoke River Alewife Hard Shell Clam

River

Rappahannock
River

RlchmondA

o]
4

James River

Norfolk
Data Sources: Chesapeake Bay Program

Habitat Requirements for Chesapeake Bay Living
Resources (Second Edition) (1991)

For more i ion, visit wwi

Created by JW, 1/31/08

Hickory Shad Spot

American Shad  Speckled Sea Trout
Yellow Perch Postlarval Blue Crab
White Perch Catfish

Blueback Herring Summer Flounder
Largemouth Bass Atlantic Sturgeon
Chain Pickerel ~ Croaker

Wicomico River Submerged Aquatic Vegetation

Salisb
4 Salisbury

Pocomoke River

The Chesapeake Bay Program's target species

listed in Habitat Requirements for Chesapeake

Bay Living Resources, Second Edition (1991) which
had habitat requirements that could be directly
affected by nutrient overenrichment (e.g., dissolved
oxygen) or sediments (e.g., light penetration) were
arrayed by water column and bottom as their principal
habitats. These included all the fish and shellfish
species in that document, with several fish species and
related layers added for newer potential habitat
information was available. Priority areas for Submerged
Aquatic Vegetation (SAV) were considered separately.

Priority Living Resource Areas were identified

based on the co-occurrence of habitats for multiple
water column and bottom species.

125 25 5|0 Kilometers

T T 1 1T T T ]
12,5 25 50 Miles ™

UTM Zone 18N, NAD 83

Achieving Bay Water Quality

Goals

Opportunity: Prioritize our efforts to
attain water quality standards so
that we can achieve the largest
possible benefit to living resources
(example: tiered TMDL)



Achieving Bay Water Quality Goals

Opportunity: Full attainment of water quality standards may not be possible, but
steps can be taken to maximize living resource response to improvements.

Mattawoman Creek

Algae

! > Fa
Water Clarity

| (/
’ B 1990 1995 2000 2005 2010




Achieving Bay Water Quality Standards/Living
Resource Response

Opportunity: Significant enhancement of LR can be achieved with additional
management actions without complete attainment of water quality goals

High response

Abundance

Living resource response
depends on:

of Living Resource

Indicator

Managed by Bay
water quality
standards

100%
% Attainment of Water Quality Standards




Achieving Bay Water Quality Standards/LR Response

Opportunity: Don’t leave benefits to Living Resources on the table

’*3
»

ECOSYSTEM SERVICES OF SUSTAINABLE SHORELINES

- o - ¥ o | = q -
2| . 537 oy
] . 3 3 : ! '
_,_ y ~ NS - RIILRS JNay IO RREEE T SanT sl . % 5 e S ~ “ ‘:
N TV i 2 -~ ST - ey X A v
- : Oy . SRV Dow e . T \ - e
- 3 o e 4 5.2 » N . — 1 ' = ' 5 ! g n
Vi oas > . - i — - - b - ce’ - - -

AESTHETICS WATER ACCESS RECREATION SHORELINE STABILITY FISHERIES HABITAT PROVISION ~ WATER QUALITY

Ja n e H aWkey, | nteg ratiO n a nd Ap p | icatiO n N etWO rk (ia n . U m CeS.ed U/med i a - Credit: Center for Coastal Resources Management; Kelsey Broich, Network for Engineering with Nature, University of Georgia;

. Integration and Application Network (ian.umces.edu/media-library)
library)



Adaptive Management

Finding: Making “learning while doing” central to Bay management

2
- - o~
-~ ~

Vs N

7 They apply for exemptions N
7/ to try the new approach. If
/ the agency approves... \
! \
Y v
! C T L
1 ll-.'.'l.-'-'.'."..- D
L 1] T T 711717} :
An organization mmEmmmmmEss The approach is
i ve MEBEBBEIES _ deployed with:
has an innovative -.-----l-l-. eploye with:
idea but regulatory .._——-—-—-" A set timeframe
or program - for success
barriers exists. ® Monitoring

e Modification as
needed

SANDBOXING

> 4
The agency evaluates the
approach with three options:

—> Adoption

9 Continuation
of Sandbox

9 Return to

status quo




Achieving Water Quality Goals in the Chesapeake
Bay: A Comprehensive Evaluation of System
Response (CESR) P

The Report

CESR Executive Summary

Achieving Water Quality Goals in the Chesapeake Bay: A Comprehensive Evaluation
of System Response

Resource Document: Evaluation of Management Efforts to Reduce Nutrient and
Sediment Contributions to the Chesapeake Bay Estuary

Resource Document: Knowledge Gaps, Uncertainties, and Opportunities Regarding
the Response of the Chesapeake Bay Estuary to Restoration Efforts

Resource Document: A Proposed Framework for Analyzing Water Quality and

Habitat Effects on the Living Resources of Chesapeake Bay



