Leveraging the power of big data to model
landscape-scale metabolism in Chesapeake Bay

Update to the Modeling Workgroup January 2025
1/8/2025




Project background
e Funded by Merrill Foundation through Chesapeake Global Collaboratory (CGC)
e Responsive to new initiative - CGC - with emphasis on stakeholder engagement

Project Goal

e Leverage 1) availability of WQ predictions from CBP CH3D-ICM model, 2) previously
published metabolic models — model metabolic habitat conditions for organisms under
management-relevant scenarios

Focus on higher trophic levels (HTLS)

e Linking HTLs to water quality a focus of regional management agencies

e Historical challenges to linking HTLs to water quality

e Metabolic approaches may provide more nuanced response than abundance/biomass
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Target species & CBP Model scenarios

virginica): iconic species,
ecosystem engineer,
shallow habitat

Blue crab (Callinectes
sapidus): cosmopolitan &
iconic species

White perch (Morone
americana): tidal fresh to
oligohaline fishery species,
highly abundant in
tributaries

x, L&’ 7 Blue catfish (Ictalurus

furcatus): invasive species,
rapidly naturalizing with a
burgeoning fishery
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Eastern oyster (Crassostrea

1) BASE scenario: 1995 progress "real air” scenario, upper layer, years (1991-2000) “
2) TMDL scenario- Base + TMODL

3) E3 scenario- Base + TMOL + ALL BMPS possible. [asiaUENR: LS

A Climate
4) 2025 climate change scenario- BASE + 2025 climate change [iasi . ge 2025

5) 2055 climate change scenario- BASE + 2055 climate change [FYNTRSLUCIT

change 2055

6) 2025 TMDL scenario- BASE + TMDL# 2025 climate change [FYRT IR Climate
change 2025

Climate change
2055

7) 205S TMDL scenario- BASE +TMDL+ 2055 climate change

BASE TMDL

8.) All Forest scenario- (without human input) BASE | All Forest




Generalized approach: Metaboscape development and analysis
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Initial implementation: Metaboscape development for White Perch

White perch (Morone americana)
e Among top 5 most valuable finfish commercial
fisheries in Chesapeake Bay
e Commercially caught using fyke/pound/gill
nets, hook and line (1-2 M Ibs yr?)
e Important recreational fishery (~1.5 M Ibs yr?)
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Provided CBP Phase 6 Output:

« Format: Unformatted binary file (~47 GB)

« Details: 56,920 total cells, 19 layers, 10 years, and 37 variables
« Access: Requires Fortran code and several support files to read and explain the data.

Follow us, GitHub

Python Implementation: We developed a Python-based “Decipher” tool, adapted from Richard Tian's Fortran code.
No additional support files required, simplified workflow with robust handling of binary data.

= Performance:

+ Optimized for shared-memory machines

+ Processing speed: (e.g., 32 cores, Intel Xeon Gold 6148 @ 2.40GHz). ~10 seconds per day. One year of data
deciphered in ~1 hour.

+ Supports chunk-based processing for efficient memory usage!

* Processed Output:

« Format: Deciphered and saved in previous described structured NetCDF format; Missing values filled with NaN,
which can be natively compressed, reducing the size from ~47 GB to ~29 GB.

« Customizable Saving Options

»  Variable-based: Single variable for all 10 years per NetCDF file (~755 MB/file); total size for 37 variable ~29 GB.

»  Yearly-based: All 37 variables for a single year per NetCDF file (~2.9 GB/file); total size for 10 years: ~29 GB.

> Customized: Flexible saving options We are actively developing more public tools for Environment

Public Access: People, ask us about coding, HPC, and Al, we are happy to help!
Code Available: CGC-UMCES GitHub Repository https://qithub.com/CGC-UMCES https://scipe.umces.edu

We also have tutorial: Optimizing Data Processing on High-Memory Multi-Core Systems




Other Tools Available: Follow us, GitHub
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Interactive NetCDF Visualization App




Initial implementation: Metaboscape development for White Perch
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e Spatially explicit IGR (or other variable)

e Depth-specific (or depth-integrated) model 39°N
output

e FEvaluate differences (A) across scenario runs
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o overall, increase in summer IGR in . 0.0000

response to meeting TMDL goals in 38°N
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Developing a web-presence for the public

Interactive website

e Engage public through place-
based science tool

e Foster communication with
agencies and management
personnel

e Visible product to highlight
CGC capabillities




Next steps and Discussion questions
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Modeling goals

e Obtain and model full suite of CBP
scenario runs

e Implement realistic ecological
constraints for white perch

e Assess environmental drivers
underlying metabolism patterns (right)

e Apply available models to other
species (e.g., oyster DEB models)

Discussion questions
e How would managers like to see results for species such as white perch?
o Are there optimal level(s) of spatial aggregation of results?
o Temporal aggregation?
e Are there specific, extant models of the focal species that we should consider?
e Are there other species of interest that have published bioenergetic models that we should consider if
time allows (e.g., SAV, Striped Bass, sturgeon)?
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Please reach out with any questions, suggestions or
feedback to:
Ryan Woodland: woodland@umces.edu
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Water quality predictions: Chesapeake Bay water quality model

Data and Model Inputs ==

Pollution Control Data
Land Use Data

Point Sources Data
Septic Data

U.S. Census Data
Agricultural Data

Land Use
Change
Model

Precipitation Data
Meteorological Data
Elevation Data

Soil Data

Phase 6
Watershed
Model/CAST

Estuary
Model

Model Outputs
Prediction of Impacts

population

= Growth Climate
o g Change

Chemical
Fertilizers
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BMP Implementation Results

Quality
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NetCDF Structure: Follow us, GitHub
e
Dimensions: (Cell_ID: 11064, Layer N: 19, Time: Flex) Onivorcit of Maryiand. oo (€59)
Coordinates: (———— Center for Environmental Science (UMCES)
*Cell ID (Cell ID) int32 123... 11062 11063 11064 Example:
*Layer_ N (Layer_N) float32 1.067 2.896 4.42 ... 25.76 27.28 28.8
* Time Time datetime Y-M-D-H xarray.isel() to probe one datapoint in
Default: Data: ( ) Year_1991.nc, which slice numbers are:
ata (Cell_ID=694, Layer_N=3, Time=1)
Latitude (Cell _ID, Layer N) float32 Units: degrees north
: o Latitude:37.04 (degrees_north)
Longitude (Cell _ID, Layer N) float32 Units: degrees_east Longitude: -76.052 (degrees_east)
Date (Time) Date: 1991-01-02-00 (days y-m-d-h)
o Depth: 5.943 (meters)
Depth (Layer N) float32 Units: meter nwcbox: 28287 (unknown unit)
nwcbox (Cell _ID, Layer_N) int32 Area: 631342.6
T.6.5791 (C)
Area (Cell_ID, Layer_N) float32 S: 29.370 (ppt)
DO (Cell_ID, Layer N, Time) float32 Units: mg/! DO:10.063 (mg/l)
Flexible: T (Cell_ID, Layer N, Time) float32 Units: C
S (Cell_ID, Layer N, Time) float32 Units: ppt PO4: 0.005 (ma/l)
Total 37 Variables Available Chl: 7.2908 (ug/l)
Orgsed: 10.791 (mg/l)
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