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UMCES contributes to 
meeting the legislative 
mandates of the University 
System of Maryland in 
numerous ways including: 
achieving national eminence 
as one of the world’s premier 
research centers focused on 
ecosystem science; uniquely 
integrating research, public 
service, and education 
related to the sustainability
of environment and natural 
resources of Maryland and 
the Chesapeake Bay region



“We argue that such an applied 
science framework constrains and 
defines many of the most important 
scientific questions in estuarine 
ecosystems, driving our field to 
greater clarity and more insightful 
research with greater potential for 
societal relevance.”



“This science-management relationship needs 
to be elevated beyond “service-to-society,” 
acknowledging the transformative ways in 
which applied research may spark creativity and 
inform theoretical advances in basic estuarine 
science.”
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Testa et al. 2016. Ecosystems
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Access to Models

Local Water Quality Monitoring

Prioritization of Restoration

Sources of Pollution
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Project Objectives

Develop novel, management-focused models:

• Watershed loading model (NLM)
• Lagoon ecosystem model (LEM)
• Virtual eelgrass meadow (VEM)

• Quantify changes in TN loads under changing land use, 
population, agricultural activities, and BMPs.

• Model lagoon response to these loads coincident with climate 
change  focus on water quality and seagrass habitat.

• Provide the models for direct use by regional stakeholders.

• A reasonably accurate 
model accessible to 
managers to predict 
nutrient loads

• Simple frameworks for 
characterizing estuarine 
response

NRC (2000):

To …

With Mark Brush & Joanna York
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Hypothesis: Managers and Natural 
Resource Stakeholders in the 
Delmarva will be most interested in 
participating at the conceptual model 
and process selection stage, and again 
when model results become available.



Regional Stakeholder 

Workshops

Workshop 1:  Ocean City, MD
Workshop 2:  Wachapreague, VA

Participants:

DE:  DNREC, USGS
UDel Extension

MD:  DNR, MCBP, NPS, 
TNC, Worcester Co.

VA:  ANPDC, Accomack Co., 
Northampton Co., 
Chincoteague, TNC

SG: facilitators & leadership

© Janet Krenn/VASG



Project Objectives

Watershed land use:

Predicted 
TN load

Lagoon water quality 
& habitat:

Predicted 
lagoon

response

Images:  IAN (UMCES), Virginian-Pilot, 
K. Reece (VIMS), VIMS, dcerp.rti.org 

With Mark Brush & Joanna York



Brush et al. (2010)
Giordano et al. (2011)
With Mark Brush & Joanna York



Photos:  ian.umces.edu, 
Chesapeake Bay Program, 

Virginian-PilotNLM:  Inputs
Atmospheric deposition –

NADPP, CastNet

Land use –
NLDC, RESAC

Crop distributions –
USDA, state, & county 
agricultural statistics

Residential development 
(septic tanks, lawns) –

TIGER & county sources

( from aerial photos)2-yr corn-soy-wheat 
rotation

Poultry operations –
local grow-out schedule 

& density

Point 
sources –

EPA Output

With Mark Brush & Joanna York



Image:  Google Earth

Delmarva Modeling Workshop 2
September 24, 2014

VIMS, Wachapreague, VA

NLM:  Spreadsheet Version

1
2

3

4

With Mark Brush & Joanna York
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NLM:  Initial Model Calibration

Field measurements to 

constrain the NLM 

(J. York & K. Kroeger):

With Mark Brush & Joanna York



Bulls Eye Farm, DE
Row crops (corn, wheat, soy)
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Bulls Eye Farm, DE
Row crops (corn, wheat, soy)

Image:  Google Earth

Delmarva Modeling Workshop 2
September 24, 2014

VIMS, Wachapreague, VA

NLM:  Converting to P loads

TN:TP                  

mol mol-1

DIN:DIP                                         

mol mol-1

Delaware 27.1 - 29.1 23.9 - 25.9

Maryland 27.0 - 34.3 19.0 - 30.9

VA - Accomack 28.9 - 36.4 22.4 - 55.1

VA - Northampton 38.6 - 39.7 62.7 - 73.9

mean: 31.4 34.1

st. dev.: 4.4 18.2

Phase V load ratios:

With Mark Brush & Joanna York
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Image:  Google Earth

Delmarva Modeling Workshop 2
September 24, 2014

VIMS, Wachapreague, VA

BMP
Minimum %N 
Removal

Maximum %N 
Removal Average (if reported)

Advanced Septic 40 90
LID techniques (green 
roofs, bioretention cells, 
permeable pavement) 0 96 68
Permeable Reactive 
Barriers 90 90 90

Treatment wetlands 0 100 44

Riparian Zones 40 100
Artificial lakes and 
reservoirs 10 100

Stream Restoration 5 40 24

NLM:  BMP removal efficiencies

With Mark Brush & Joanna York



NLM:  Full Coupling to the LEM

Lagoon response

Image:  Google Earth

Delmarva Modeling Workshop 2
September 24, 2014

VIMS, Wachapreague, VA

Predicted
N & P load

Modulation of loads by 

tidal creeks:  B. Dean, 

M.S. student, VIMS

NLM

LEM

?

With Mark Brush & Joanna York



Lagoon Ecosystem Model (LEM)

X

Nutrient
cycling

Flushing

Denitrification

Images:
ian.umces.edu, 
wikipedia.org, 

Microsoft Clipart

With Mark Brush & Joanna York



LEM Calibration:  Hog Island Bay, VA

With Mark Brush & Joanna York



LEM:  Example Nutrient Loading Scenarios

With Mark Brush & Joanna York



Image:  Google Earth

Delmarva Modeling Workshop 2
September 24, 2014

VIMS, Wachapreague, VA

LEM Calibration:  Monitoring Data

With Mark Brush & Joanna York



Virtual Eelgrass Meadow (VEM)

INDIVIDUAL RAMET MODEL

•Specific Growth Rate

•Biomass

•Light Availability

•Internode Length

•Leaf Length

•Lesion Size

•Leaf Detritus

Whole Ramet Responses to 

Forcing Functions and Mass 

Balance of Biomass

INITIAL CONDITIONS

•Ramet Age 

•Ramet Morphology

•Time of Year

•Life History Stage

Ramet: Flower or Not

•Meadow Boundaries

•Depth

•Ramet Density

• Labyrinthula density (Sr )

RULES

Growth Allocation

Branching

Flowering

Leaf Shedding

Spore Trapping

FORCING FUNCTIONS

•Incident Light

•Water Temperature

•Current Velocity

•Nutrients

•Epiphyte Biomass

•Water Column Light Attenuation

•Salinity

•Sediment Sulfide

FEEDBACKS 

•Canopy Shading

•Density Dependent 

Transmission

•Dilution of Spores with

distance from edge of 

meadow.

VIRTUAL MEADOW

VISUALIZATION

MODEL

With Mark Brush & Joanna York



Image:  Google Earth

Delmarva Modeling Workshop 2
September 24, 2014

VIMS, Wachapreague, VA

Coupled NLM-LEM:  New Online Interface

With Mark Brush & Joanna York
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VIMS, Wachapreague, VA

Coupled NLM-LEM:  New Online Interface

With Mark Brush & Joanna York
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Hypothesis: Managers and Natural 
Resource Stakeholders in the 
Delmarva will be most interested in 
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Managers and Stakeholders in the 
Delmarva were interested in 
participating at multiple levels of 
model development, parameterization, 
and testing.  They were keen 
proponents of simple, accessible 
models that met their needs!
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2017 BOCC Presentation -Calvert County

http://calvertcounty.granicus.com/MediaPlayer.php?view_id=1&clip_id=812&meta_id=44882




Recommendations
• Continue to monitor tidal creeks in Calvert County

 Negative and positive trends in water quality can be clearly documented
 Measure effectiveness of implementing the Calvert Watershed Implementation Plan.

• Encourage high frequency monitoring and other forms of 
assessments when the opportunity arises. 
 We continue to look for useful collaborations in conducting this monitoring program

• Implement the Calvert WIP to the maximum extent practicable
 Focus on practices and locations where the effectiveness will be greatest.

• Continue to support planning and eventual implementation of:
 Sewer upgrades, BMPs, installation of enhanced nutrient removal (ENR) septic systems, 

riparian buffer zones, and encourage the use of pump-out facilities by boaters 

• Continue to support the local county and state environmental 
educational programs so the public can make informed decisions at 
the personal, local and regional levels.
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Flow Diagram from Calvert County
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Wetland	
Category

Nitrogen	
Removal	Services

Source

Tidal	Fresh 14.7 Greene	2005

Brackish 7.4 Kemp	2006

Salt 0.6
Thomas	&	

Christian	2001

Tidal	Fresh 23.4
Merrill	&	

Cornwell	2000

Brackish 13.6
Merrill	&	

Cornwell	2000

Salt 4.3
Thomas	&	

Christian	2001

Denitrification

Nitrogen	Burial	

(g	N	m-2	yr-1)

(g	N	m-2	yr-1)
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Ramsey 

Creek

Tyverne

Creek
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Source Tracking

Modeled N loads decreased down 
estuary.

Depending on the season, export 
of wastewater effluent to the 
Chesapeake Bay main stem 
characteristic of the Blue Plains 
treatment plant ranged from 1-
30% of inputs.

Remineralization of N inputs was 
evident in changed ratio of δN15 
and δO18 isotopes of nitrate.

Values estimated using this 
approach similar to direct flux 
measurements.



 Total Inputs 

(kg/day) 

% of Inputs 

from Blue 

Plains* 

Net Export 

(kg/day) 

% of Blue Plains 

Inputs Exported 

Winter 49,150 ± 30,323  10 ± 13  19,844 ± 13,728  3.7 ± NA  

Spring 13,5317 ± 14,614  8 ± 0.8  68,431 ± 48,060  71 ± 20  

Summer 13,888 ± 596  38 ± 3  4,853 ± 8,326  19 ± 11  

Fall 15,334 ± 3,700  47 ± 13  -1,613 ± 12,124  18 ± 10  
 

Pennino et al. 2016. Biogeosciences 13:6211-6228.



Flow Diagram from Calvert County
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• 452 traditional septics
• 2 BRF BAT systems
• 6.81 sq mi

Traditional Septic Site 1: St. Leonard Creek
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Reference Site 2: Parkers Creek

• 25 traditional septics
• No BAT systems
• 1.38 sq mi
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Septic Tracers….
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Julia Parrish, Corey Garza, Julie Posselt, L Harris



Wonder

Discovery

Concern

Solutions

Axis of the Individual

Axis of Science

“established
” Geoscience

disenfranchised, 
under-respresented, 
under-served 
communities

ASPIRE

Julia Parrish, Corey Garza, Julie Posselt, L Harris



Top-Down Change
Resources of NSF, GeoSci Org, & 
Academia
Scientific/Intellectual Credibility
Material Support
Elite Networks

ASPIRE
Coordinate 
Resources
Identify 
leaders

Facilitate 
Community-
based research

Bottom-Up Change
Resources of Individual Change Agents
Cultural Navigation Skills / Diverse 
Networks
Scientific expertise / Community 
credibility
Community Cultural Wealth

Julia Parrish, Corey Garza, Julie Posselt, L Harris



http://www.ceem.cbl.umces.edu/
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