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Purpose: Build a tool for more complete criteria assessment

U.S. Environmental Protection Agency 2003 EPA 903-R-03-002
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Purpose: Build a tool for more complete criteria assessment



4From EPA 2003 Ambient Water Quality Criteria

Purpose: Build a tool for more complete criteria assessment
DO criteria that currently can be evaluated with existing approaches and data

* *Note a 30-day 

mean 6 mg/L MSN 

value is evaluated 

for purpose of the 

WQ indicator.
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…

4. Average monthly if 30-day 

criterion in segment, and 
compare the interpolated 
values with appropriate 

criterion values

5. Repeat Step 4 

throughout the 3-year 
period

6. Calculate the cumulative 

frequency distribution (CFD) 
for extent of exceedance in 

space and time

7. Quantify attainment 

status (attaining or not) 
for the 3-year period

1. Collect bi-

weekly to 
monthly data at 
each monitoring 

station

2. Interpolate bay-

wide for a single 
cruise

3. Conduct 

interpolations for 
a season over the 

3-year period

Process source
USEPA 2003
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4. Average monthly if 30-day 

criterion in segment, and 
compare the interpolated 
values with appropriate 

criterion values

5. Repeat Step 4 

throughout the 3-year 
period

6. Calculate the cumulative 

frequency distribution (CFD) 
for extent of exceedance in 

space and time

7. Quantify attainment 

status (attaining or not) 
for the 3-year period

2. Interpolate bay-

wide for a single 
cruise

3. Conduct 

interpolations for 
a season over the 

3-year period

Process source
USEPA 2003

1. Using the Phase 

6, use model output 
here via scenarioing
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4. Average monthly if 30-day 

criterion in segment, and 
compare the interpolated 
values with appropriate 

criterion values

5. Repeat Step 4 

throughout the 3-year 
period

6. Calculate the cumulative 

frequency distribution (CFD) 
for extent of exceedance in 

space and time

7. Quantify attainment 

status (attaining or not) 
for the 3-year period

2. Interpolate bay-
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3-year period
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1. Using the Phase 

7, use model output 
here via scenarioing



Current 
interpolation: 
Inverse distance 
weighting
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Problems with current interpolation

• Does not use the high frequency data

• Vertical layers interpolated horizontally     

and stacked;

• One cruise at a time, meaning a 2-

week period assumed static; and

• Not statistical.

This NEW “4-D” interpolation will:

• Use all high frequency data

• Interpolate all data together, not in layers.

• Interpolate in time, so that we do not have to 

artificially split time periods.

• Statistical – allowing for multiple realizations 

of interpolation results.

Example spatial 

interpolation



Input: All DO data
New 
method

Fixed 
station 

2x/ month

Tier 3 
citizen 
science

All high 
frequency 
ConMon 

data

All high 
frequency 

vertical 
array data

Dataflow

Future 
data sets
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Statistical interpolation

Mean mid-
day space-
and-time 

interpolation

Large-scale 
correlation 

component: 
spatial + 

daily (xyz,d)

Within day 
diel and tidal 

cycles

Small-scale 
correlation 

component: 
hourly (h)

Input: All DO data

Fixed 
station 

2x/ month

Tier 3 
citizen 
science

All high 
frequency 
ConMon 

data

All high 
frequency 

vertical 
array data

Dataflow

Future 
data sets

New 
method
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Multiple feasible hourly 
realizations everywhere 

in tidal waters
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Statistical interpolation

Mean mid-
day space-
and-time 

interpolation

Input: All DO data

Fixed 
station 

2x/ month

Tier 3 
citizen 
science

All high 
frequency 
ConMon 

data

All high 
frequency 

vertical 
array data

Dataflow

Future 
data sets

New 
method

Large-scale 
correlation 

component: 
spatial + 

daily (xyz,d)

Within day 
diel and tidal 

cycles

Small-scale 
correlation 

component: 
hourly (h)



Multiple feasible hourly 
realizations everywhere 

in tidal waters

13

Statistical interpolation

Mid-day 
space-and-

time 
interpolation

Input: All DO data

Fixed 
station 

2x/ month

Tier 3 
citizen 
science

All high 
frequency 
ConMon 

data

All high 
frequency 

vertical 
array data

Dataflow

Future 
data sets

Large-scale 
correlation 

component: 
spatial + 

daily (xyz,d)

Within day 
diel and tidal 

cycles

Small-scale 
correlation 

component: 
hourly (h)

Mean mid-
day space-
and-time 

interpolation



Mean mid-
day space-
and-time 

interpolation

• Goal: Capture broad spatial pattern from day to day. Output an 

estimate every day and everywhere.

Uses Generalized Additive Models (GAMs) with:

• Cyclic smooths (cc) for time-of-day and day-of-year.

• Tensor-product smooths (ti) to model interactions among 

depth, bathymetry, and horizontal position.

Temporal (cyclic)

Time-of-day

Day-of-year

Vertical & bathymetry

Depth

Bathymetry

Horizontal position

+ +
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Multiple feasible hourly 
realizations everywhere 

in tidal waters
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Statistical interpolation

Mean mid-
day space-
and-time 

interpolation

Input: All DO data

Fixed 
station 

2x/ month

Tier 3 
citizen 
science

All high 
frequency 
ConMon 

data

All high 
frequency 

vertical 
array data

Dataflow

Future 
data sets

Large-scale 
correlation 

component: 
spatial + 

daily (xyz,d)

Within day 
diel and tidal 

cycles

Small-scale 
correlation 

component: 
hourly (h)



Statistical interpolation

Mid-day 
space-and-

time 
interpolation

Large-scale 
correlation 

component: 
spatial + 

daily (xyz,d)

Within day 
diel and tidal 

cycles

Small-scale 
correlation 

component: 
hourly (h)

Evaluate high-frequency 

data for between-day, 

within-day, and location 

variability.

Apply those patterns to 

generate hourly 

simulation results.
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example



Correlation: Horizontal 
(along- and cross-bay)

• DataFlow—high frequency underway surveys 

(~0.5 m intake)

• MD DNR Eyes on the Bay (EOTB): ~63 “cruise 

locations”, 2001-2023

• Virginia Estuarine and Coastal Observing System 

(VECOS):  ~36 “cruise locations” 2003-2024

• Map lines show survey legs (1–5)
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N/A

1

2

3

4

5

N/A

1

2

3

4

5

Source: https://eyesonthebay.dnr.maryland.gov/

Tangier Sound - South

Rappahannock R. - Mesohaline

Example
High freq 
data use
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How is this processed data used in the tool?

• We process the data for each cruise to get the 

spatial correlation in our model over 1 km 

spacing.

• We will fit a smooth spatial function (GAM) to 

these correlation values so that we can 

represent how they vary by location (e.g., 

correlation is higher in deeper waters, lower 

in shallower).  

• For any spot we are interpolating DO, we will 

pull out the appropriate correlation 

parameter for that location to use.

• Spatial differences dominate variability more 

than temporal effects.

Mean 1,000 m 

correlation

Example
High freq 
data use Correlation: Horizontal 

(along- and cross-bay)



Multiple feasible hourly 
realizations everywhere 

in tidal waters
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Input: All DO data

Fixed 
station 

2x/ month

Tier 3 
citizen 
science

All high 
frequency 
ConMon 

data

All high 
frequency 

vertical 
array data

Dataflow

Future 
data sets

Statistical interpolation

Mean mid-
day space-
and-time 

interpolation

Large-scale 
correlation 

component: 
spatial + 

daily (xyz,d)

Within day 
diel and tidal 

cycles

Small-scale 
correlation 

component: 
hourly (h)



100 realizations of hourly estimates 

everywhere for a year.

This example was an early test at one 

location, compared to observed high 

frequency data (black lines).

Evaluation with recent 4-D updates is 

being done now with data like this 

currently.

 

Multiple feasible hourly 
realizations everywhere 

in tidal waters
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Data = NOAA vertical array at West Gooses
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Potential Visuals– can summarize by segment all gridded interpolation results:
For example: Fraction of time bottom is <3 mg/L
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Depth = 0.5 m

Depth = 2.5 m

Depth = 5.5 m

Depth = 9.5 m
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For example: Simulation results compared to a nearby high frequency station

Potential Visuals – can compare at places and times with data:
For example: 100 Simulation results compared to two nearby fixed stations, multiple depths
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Summary

2022 2023 2024 2025 2026

Goal of 

approved 

method by

2028*

*with 2030 goal of reporting on all criteria

■ Work continues in next few months finishing development 
tasks.

■ Remainder of the year, focus on:

– Case studies and testing,

– Linking to criteria assessment methods, and

– Documentation.



Next steps relevant to modeling team

■ Remaining development:

– Finish 4-D simulation approach and initial parameterization (next few 
months).

– Evaluate and compare to data and 3-D interpolator via case study 
(2026)

– Implement/test methods for using interpolation results to evaluate high 
frequency criteria based on CAP’s direction (2026-2027).

■ Integration of 4-D interpolation into the Phase 7 suite of models:

– Join our BORG meetings! Providing updates at BORG and Modeling WG 
Quarterly meetings.

– We should be able to input “model-as-data” estuarine model results into 
4-D interpolation, just like 3-D is done (2026-2027).

– We will be informing the high frequency variability with data collected 
after the 1990s.
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Chesapeake Bay Program (CBP) Bay Oxygen 
Research Group

■ Group of CBP partners 

providing guidance, 

ideas, and review.

■ Meets monthly during 

this development phase.

■ Attendees include  

future users; state 

teams involved in 

criteria assessment; 

EPA, NOAA and USGS 

federal partners; and 

academic collaborators.

■ Feel free to join if you’re 

interested.
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https://www.chesapeakebay.net/who/group/bay-oxygen-research-group
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