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Long Island Sound HWQMS — User Training Manual

NYC Long Island Sound Hydrodynamic & Water Quality Modeling System (HWQMS) —
GUI/DST One-Day In-Person Training Course




Course Agenda

Time Session

45 min Introduction — NYC/HDR introduction,
GUI/DST team, purpose statement

~15 min Chapter 1 — Basic Navigation

1hr Chapter 2— GIS Data

1hr Chapter 3 — Monitoring / Station Data

1hr Chapter 4 — Scenarios

1hr Chapter 5— Results

1.5 hr Chapter 6 — Reporting (Hypoxia, Water
Quality Standards, Compare)

1hr Wrap-up, Feedback & Q/A

Purpose of this course: Familiarize new users with the LIS HWQMS web application —
what itis, what it does, and how to perform the core tasks. The format for each chapteris a
live walkthrough/demo followed by a hands-on exercise. Administration tasks and system
management are covered in a separate session.

Note: Feedback collected during this training will guide final tool development. Please
note usability suggestions and desired features/workflows for the wrap-up discussion.




Chapter 1 — Basic Navigation
1.1 Accessing the Site and Logging In

The HWQMS is a web application accessed through a standard web browser (Chrome or
Edge recommended). Navigate to the application URL provided by the project team and log
in with your assigned credentials.

Login page — enter your assigned username and password
e Loginissues: During this phase of the project, login and account problems are
handled directly by DHI — contact your designated DHI/HDR project contacts.

e Once logged in, the application banner displays Long Island Sound HWQMS in the
upper left, and your user/accounticon appears in the upper right.

1.2 Layout and Tab Organization

The application is organized around two persistent panels and a row of functional tabs:

Element Location Purpose

Data & Charts panel Left side All data lists, settings,
controls, charts, and tables
for the active tab

Map panel Right side Interactive map displaying
layers, stations, model
results, and report maps

Tab bar Top of left panel Switches between the five
functional modules



Element Location Purpose

Map Legend Upper right of map Shows active layers, color

scales, layer order, and style
options

The five main tabs are:

o
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GIS DATA — project data catalogue, mapping layers, and reporting-location setup
STATIONS — observed monitoring data from regional providers

SCENARIOS — the Scenario Manager for creating and executing model scenarios
RESULTS — map and chart display of model simulation results

REPORTING — detailed reporting tools (Hypoxia, Water Quality Standards,
Compare)
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Application layout — GIS Data tab active, left data panel and right map panel

General interaction conventions used throughout the application:

Eye icons toggle layer visibility on the map.

Zoom/targeticons next to a listitem zoom the map to that feature.
Expand/collapse arrows open and close sections in the left panel.

The Map Legend panel can be used to reorder layers and change basemap style.
Most charts include a Download option to export the underlying data.



Exercise 1 — Getting Oriented

1. Logintothe HWQMS application with your training credentials. If you hit a login
problem, flag it to the instructor (this is exactly the kind of issue DHI handles during
rollout).

2. Click through each of the five tabs (GIS DATA > STATIONS > SCENARIOS »
RESULTS > REPORTING) and observe how the left panel content changes while the
map persists.

3. Onthe map: pan by dragging, zoom with the scroll wheel, and locate the Long Island
Sound, the East River, and the New York/Connecticut shoreline.

4. Openthe Map Legend panelin the upper right and try switching the basemap Style.




Chapter 2 — GIS Data (1 hr)

Goals: View mapping and boundary information in the LIS project data catalogue; prepare
model-result reporting locations (points, polygons/areas) and transects.

2.1 The Project Data Catalogue

The GIS DATA tab opens with a Summary describing the GIS data catalogue. The
catalogue provides spatial context for the LIS data review and modeling activities and is
organized into categories, each available as toggleable map layers:

Category Contents

Administrative Boundaries State and county boundaries: New York
Counties, New Jersey Counties,
Connecticut Counties, NY Cities/Towns, NJ
Municipalities, CT Towns

Regulatory Assessment Units Assessment units identified through state
and federal water quality certification
processes: NJDEP, NYSDEC, CTDEEP, and
CT Nitrogen Trading Zones

Hydrography Surface water features relevant to the LIS:
USGS Flow Stations, Rivers & Watersheds,
Watersheds

Facility Locations / Other Data Industrial and municipal water treatment

facilities and outfalls relevant to loading

Model Information Model Skill Assessment Regions, Model
Grid (Regional ROMS/RCA Model), Model
Summary Areas
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GIS Data summary and layer catalogue
Working with layers:

1. Scroll the left panel to the Layers section and expand a category (e.g.,
Administrative Boundaries).

2. Clickthe eye icon next to a layer to display it on the map.

3. Click a layer name to open its feature table (Feature / Name / Classification),
where individual features can be located and zoomed to.

4. Some layers support an opacity slider; the Map Legend panel controls layer order
and style.



Layers displayed on the map — USGS Flow Stations and NJ Counties with legend and layer-
order controls

Reordering layers in the Map Legend. When several layers are visible at once, the one
drawn last sits on top and can obscure the layers beneath it. Open the Map Legend panel
(upper right of the map) and expand the Layer Order section: each visible layer appears as
a row with a drag handle. Drag a row up or down to restack the layers — the top row in the
list draws on top of the map. Arrange the order to suit your analysis: put the layer you are
actively interpreting (e.g., Regulatory Assessment Units — NYSDEC) above broad
background layers (e.g., NY Cities/Towns), and keep point layers such as stations or flow
gauges above filled polygon layers so they are never hidden. Combined with each layer’s
opacity slider, this lets you see overlapping datasets — for example, assessment units
over town boundaries — without turning layers off.
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Map Legend — Layer Order section with drag handles; NYSDEC assessment units stacked
above NY Cities/Towns

2.2 What Is Behind the Screen (orientation for scientists)

Everything in the Results and Reporting tabs is computed from the output of a coupled
hydrodynamic + water-quality model of Long Island Sound:

e ROMS (Regional Ocean Modeling System) produces the physics — water levels,
currents, temperature, salinity.

e RCA (the eutrophication / water-quality kernel) produces the biogeochemistry —
dissolved oxygen, nutrients, carbon, chlorophyll.

The model runs on a curvilinear horizontal grid (cells follow the coastline, not a regular
lat/lon box) with 10 vertical “sigma” layers (s_rho). Sigma layers are terrain-following:
layer s_rho = 0 is always the bottom layer and the top index is the surface, so a single
layer index sits at a different physical depth in deep water than in shallow water. When you
ask for avalue “at depth -5 m,” the tool interpolates between sigma layers to that true
depth.

Model outputis stored per timestep in a fast columnar format (zarr); the web app talks to a
Python (FastAPI) calculation service that reads this output on demand and performs
every statistic, slice, and aggregation in this manual. The app does not pre-bake numbers
— when you move the depth slider or change a date, the calculation runs live on the server.
This is why some reports take a few seconds.

Throughout this manual, “Behind the calculation” and “Did you know?” boxes explain
exactly what the server computes for each feature. You do not need them to operate the
tool, but they tell you precisely what each number means.



I Did you know? — the grid in numbers.

e Cellareaisn’t constant on a curvilinear grid — each cell’s surface area is computed
as1 / (pn x pm) m?, where pn, pm are the inverse cell spacings stored with the grid.
Every area- or volume-weighted statistic in the tool (e.g., hypoxic area) uses these
true cell sizes.

e Because the 10 sigma layers are fractions of the local water column, each layer’s
thickness iswater depth h + 10 — so layer O (the bottom layer) is tens of metres
thick in the deep central channel but less than a metre thick in the shallows.

e Velocities (u, v) are calculated at staggered grid edges (an Arakawa-C grid); when
the tool displays currents at cell centres, it averages the edge values and rotates
them to true east/north components.

2.3 Model and Scenario Reporting Setup

At the top of the GIS DATA panelis the Model and Scenario Reporting Setup section. This
is where you define the locations the Results and Reporting tabs will extract model output
for:

Reporting feature Used for

Reporting Polygons Area-based summaries (e.g., embayments,
analysis areas)

Reporting Points Point timeseries extraction at locations of
interest

Reporting Transects Cross-section (curtain) plots along a drawn
line

Overview Map Extent Default map view extent

To create or edit a reporting feature:

1. Click the edit/draw icon next to the feature type (polygon, point, or transect).
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Reporting setup — feature types with edit/draw icons and existing features shown on the
map

2. Digitize the geometry directly on the map (click to add vertices; double-click to
finish).
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Digitizing a new polygon on the map — click to add vertices, double-click to finish

3. Name the feature and save. It now appears in the feature table with its Name and
Classification and becomes selectable in the Results and Reporting tabs.
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Reporting setup feature table with user-defined polygons

Behind the calculation — how locations become model values. The reporting
features you draw here are how later tabs extract numbers from the model grid:

e Areporting point (a lon/lat) is converted to the nearest grid cellindex (i, j) before
any timeseries is read. Each point also stores the bottom depth of that cell (the



deepest sigma layer’s z value), so the tool knows how deep the water column is
there.

A reporting polygon is rasterized onto the grid: the server tests every grid-cell
centre against your polygon and keeps the cells inside. All area statistics and
hypoxia/WQS reports then operate on exactly that set of cells.

Atransect (line) is converted to the chain of grid cells the line crosses; the Results
cross-section interpolates model values between the cell columns along that path.

Practical consequence: a point dropped on land, or a polygon edge that clips dry cells,
simply contributes no water-column data for those cells (they are masked out) rather
than producing wrong numbers.

Exercise 2 — Explore the Catalogue and Build Reporting Locations

1.

In the GIS DATA tab, turn on the New York Counties and Connecticut Counties
layers. Zoom to the county boundary nearest your office.

Turn on USGS Flow Stations and the Regulatory Assessment Units for one state
(e.g., CTDEEP). Use the Map Legend to reorder the layers so the stations draw on
top.

Open the feature table for one layer and use the zoom icon to fly to a specific
feature.

On one displayed layer, try the opacity slider. Set the layer to roughly half-
transparent so underlying layers remain visible.

Turn on the Hydrography = Rivers & Watersheds layer and identify which
watershed drains to the embayment or shoreline nearest your office.

Turn on the Model Grid (Regional ROMS/RCA Model) layer and observe the extent
and resolution of the model domain. Zoom in along a shoreline and note how the
curvilinear cells follow the coast; compare cell sizes in the open Sound versus a
narrow embayment.

Create two reporting features of different types. Name each with your own name
(e.g., Jane D — Point)soitis easyto find. Choose two of:

o AReporting Point at a location of interest to you (e.g., near a harbor or

embayment),

o AReporting Polygon around a small embayment,

o AReporting Transect crossing the Sound from the NY shore to the CT shore.
Open the reporting feature table and confirm both features appear with their Name
and Classification. Use the zoomicon to fly to each.

Delete the features you just created when finished. If you are not in the digitizing
mode, click the Draw Points or Draw Polygons button. This is digitizing practice only
— the project already has plenty of pre-built reporting features, and those are what
you will use in Chapters 5 and 6. Removing your practice features keeps the shared
list uncluttered.



10. Challenge (optional): Identify which Regulatory Assessment Unit your reporting
polygon falls inside, and which county it borders — before you delete it. Then check
whether your polygon overlaps any cells of the Model Grid that are dry/land (these
would be masked in later reports).




Chapter 3 — Monitoring / Station Data (1 hr)

Goals: Visualize observed data at monitoring stations and field campaigns from regional
data providers; create timeseries charts from the historic database.

3.1 Browsing Monitoring Locations

The STATIONS tab provides access to the historic observed-data database compiled from
regional monitoring programs. Station groups shown on the map and in the legend include:

e CTDEEP Summer and CTDEEP Year Round surveys
e |EC (Interstate Environmental Commission)

e NJHDG (NJ Harbor Dischargers Group)

e NYCDEP HS (NYC DEP Harbor Survey)

Stations display on the map color-coded by organization/group.
To find stations:

1. Use the Organization filter dropdown at the top of the panel. This is a multi-select:
pick one or more organizations and the station list and map are narrowed to just
those programs. Leaving it empty shows all stations.

2. Optionally refine further with the ID filter. Its dropdown is populated from the
organizations you selected in step 1, so choose an organization first — the ID list
then offers only that program’s station IDs. The two filters combine, so a station
must match both to remain in the list.

3. The Stations List table below shows matching stations with checkboxes. Use the
zoom icon to locate any station on the map.

4. Checkthe boxes for the station(s) you want to analyze — selected stations highlight
on the map.

Tip — select stations directly on the map. Instead of (or in addition to) the checkboxes,
you can simply click a station marker on the map to select it; click again to deselect.
Clicking a cluster (a circle representing several nearby stations) zooms the map in until
the individual stations separate and can be clicked. Note that changing the filters
removes any selected station that no longer matches, so set your filters before making
selections.
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Stations tab — station list with organization filter and color-coded map

3.2 Analyzing Observed Data

1. With one or more stations checked, click Analyze.
2. Setthe Date Range: All Available Data, Preset, or Custom.

3. Choose aVariable from the dropdown (e.g., Dissolved Oxygen, Temperature,
Salinity, nutrients).



Long Island Sound HWQMS
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Stations it

Analyze settings — date range options and the variable dropdown, with color-coded
stations and the station-group legend on the map

4. Charts are generated for each selected station and variable, showing the observed
record with samples differentiated by depth level (Surface / Bottom / Middle).

5. The charts are interactive and include controls to pan and zoom, reset zoom, turn
series on/off by clicking on the series hame in the legend, download plot as png
image.

6. Use the Download link to export the charted data for offline use.
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Observed Dissolved Oxygen timeseries at selected stations, by depth level

Profile charts and the 3D view. Where a station has vertical profile measurements (values
recorded at many depths on each sampling visit), an additional profile chart appears
below the timeseries: the variable is plotted against Depth Below Surface [m], with each
visit forming one vertical profile. Two checkboxes refine the display:

e Color Gradient — colours the points by measured value, making high/low zones
stand out.

e Displayin 3D — switches the chart to a rotatable 3D scatter with Date, variable
value, and Depth as the three axes.

The benefit of the 3D view is that it adds time as a dimension: instead of all profiles
overlapping in one flat plot, you can rotate the chart and see how the vertical structure
evolves through the record — for example, watching summer bottom-DO depletion and
stratification develop and break down from year to year, and at what depth the low-oxygen
layer sits.
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Profile chart of observed Dissolved Oxygen with Color Gradient and Display in 3D options

Typical things to look for in the observed record: seasonal DO cycles (summer minima in
the western Sound), differences between surface and bottom values (stratification), and
differences in record length/frequency between monitoring programs.

Behind the calculation — observed vs. modelled, and “surface/bottom”. Two
different kinds of timeseries appear in the tool:

e Observed data (this tab) are real field measurements from the regional providers,
plotted at their reported depths and coloured by depth class (Surface / Middle /
Bottom). Nothing is interpolated — raw observations.

e Modelled station output (used in Results) comes from the model’s own high-
frequency output at fixed station points. There, “surface” means the top sigma
layer (s_rho = 9) and “bottom” means the lowest sigma layer (s_rho = 8)—nota
fixed metre depth. When one value per period is requested, the server applies the
chosen statistic (mean / min / max) over the hourly values in that window.

This matters when you compare observations to the model later: the model “bottom”
follows the seabed, which is usually the most relevant layer for hypoxia.

Exercise 3 — Investigate the Observed Record
1. Filter the station list to CTDEEP Summer using the Organization filter. Then open
the ID filter and confirm it now offers only CTDEEP Summer station IDs.

2. Select two stations: one in the western narrows and one in the central/eastern
Sound. Try both selection methods — check one in the Stations List and click the
other directly on the map (if it sits in a cluster, click the cluster first to zoom in).

3. Click Analyze, choose Dissolved Oxygen, and use All Available Data.



10.

Compare the two charts: Which station shows lower summer bottom DO? Roughly
what is the lowest bottom DO value you can find, and what year did it occur? How
do the Surface and Bottom series differ at each station?

Scroll to the profile chart for your western Sound station and tick Display in 3D.
Using click and drag to rotate, scroll to zoom, ctrl click and drag to pan, move the
chart and identify roughly what depth the lowest summer DO values occur at, and
whether the depleted layer appears every year or only in some years. Toggle Color
Gradient off and on to see its effect and determine which axis the color gradient is
applied to.

Change the variable to Temperature (or Salinity) and observe the seasonal signal at
the same stations.

Re-run the analysis with a Custom date range covering a single summer (e.g., June-
September of one year).

Add a third station from a different organization (e.g., IEC or NYCDEP HS) near your
western Sound station and re-run the DO analysis. Compare record length and
sampling frequency between the two programs — which would you trust more for
capturing short hypoxic events?

Download the data for the charts using the Download button to the right of the date
controls, and open the csv file to confirm the export contents.

Challenge (optional): Find a station from a different organization (e.g., NYCDEP HS)
near the East River, and determine whether its DO record shows stronger or weaker
surface-to-bottom differences than your western Sound CTDEEP station. What
might explain the difference?




Chapter 4 — Scenarios (1 hr)

Goals: Understand the processes involved in developing and applying WQ loadings to the
LIS model; understand the available model scenarios (baseline, scenario definitions); use
the Scenario Manager to create and execute a scenario; develop and edit loadings for key
water quality constituents.

Background on loading development and the available baseline/management scenarios
is presented live by HDR/DHI. All users are enabled to set up and run test simulations
(all nitrogen output halved); executing a scenario during this training is optional —
results from prior executed test scenarios are available for the later analysis exercises if
you choose not to.

4.1 The Scenario Manager

The SCENARIOS tab opens the Scenario Manager — a list of all scenarios visible to you,
with Name, Description, and Status (Not Started, running states, Completed). From here
you can:

e Create New Scenario — launches the scenario wizard
e Click an existing scenario to view its definition or results status
e Delete scenarios you own (trash icon)

ooo o

Scenario Manager — scenario list with status



4.2 Creating a Scenario — the Four-Step Wizard

Click Create New Scenario. The wizard walks through four numbered steps; completed
steps show a check mark.

Step 1 — Scenario Definition

e Enter a Name and Description.
e Optionally check Make scenario public to share it with other users.
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Step 1 — Scenario Definition
Step 2 — Select Template

e Choose a Template Scenario — the base model configuration your scenario will
modify (e.g., Pre-development 2019-2022, baseline templates).

e Select the Start Year for the simulation.



Step 2 — Select Template and Start Year
Step 3 — Loading Sources (Load Scaling)

This is where you develop and edit loadings for key water quality constituents. Loading
sources (rivers, point sources/WWTPs, etc.) display on the map color-coded by Load
Scale Category, and the panel presents a load-scaling table:

1. Use the Features, Categories, and Variables filter dropdowns to narrow the source
list (e.g., all rivers; a single WWTP; nitrogen species only).

2. Checkthe sources/variables to modify. Variables include key constituents such as
ammonium (NH4), nitrate, organic nitrogen (ORGN), phosphate (PO4), and organic
carbon.

3. Enter a Multiplication Factor per row (e.g., 0.5 =50% load reduction, 1.0 =no
change, 2.0 =doubling), or apply one factor to all selected rows at once with the
Apply control.
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Step 3— Load scaling table with multiplication factors; loading sources shown on map by
category

Step 4 — Review

e The review screen summarizes the scenario name, description, and a table of every
load modification (Feature / Category / Variable / Multiplication Factor).

e Verify the entries, then click Save.
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Category Parameter Multiplication Factor

Step 4 — Review and Save

Behind the calculation — what a “loading” is and what your factor does. This is the
most important methodology in the tool.

Aload is the mass of a constituent (e.g. nitrogen) entering the Sound per unit time. The
model receives loads at grid cells as a concentration applied to a flow. For each
source the server computes, roughly:

cell concentration = source_concentration x flow / river_transport
applied load = load x gradient (then clamped at 2> 0)

where river_transport is the model’s freshwater transport at that cell. Loads come
from several source categories, each with built-in reference concentrations:

Category Represents Editable in UI?
GW Groundwater
River CO Rivers — constant concentration

River_TV Rivers —time-varying measured concentration

Plant WRRFs (wastewater treatment plants)
CSO Combined sewer overflows (fixed)
SwW Stormwater (fixed)

By project design, the Scenario Manager only lets you scale GW, River (CO +TV), and
Plant sources; CSO and stormwater are held fixed.



Your “Multiplication Factor” is a gradient that multiplies that source’s load: 1.0 =
unchanged, 0.5 = halve, 2.0 = double. The applied load is 1oad x gradient, and the
result is clamped at zero — you can never drive a load negative.

Variable grouping. The Ul groups constituents under familiar names; the server
expands each group to its model variables:

ORGN - RPON, LPON, RDON, LDON
ORGP > RPOP, LPOP, RDOP, LDOP
ORGC » RPOC, LPOC, RDOC, LDOC

Others (e.g. PO4T orthophosphate, NH4T ammonium, NO23 nitrate+nitrite) scale
directly. So one factor on “ORGN” scales all four organic-N fractions together.

Scope. Afactor is keyed by feature + category + variable, so “River/ ORGN x 0.5 on the
Housatonic” affects only that river’s organic-N load at its discharge cell(s) — not the
whole Sound. Cells with no user factor keep gradient = 1.0.

4.3 Executing a Scenario

After saving, the scenario opens with CONFIG and RESULT views and an Execute button:

ssssss

Finished

Click Execute to submit the simulation. The Status panel tracks Not Started >
running > Completed, with Started, Finished, and User fields.

A Cancel button is available for runs in progress.
A confirmation toast (e.g., “Scenario saved successfully”) confirms each action.

Saved scenario with Execute/Cancel controls and status panel



Exercise 4 — Build a Nitrogen-Reduction Scenario

1.

Open the Scenario Manager and review the existing scenarios. ldentify which ones
are Completed and read their descriptions.

Click Create New Scenario and complete Step 1: name it <Your

Name> Training_ N50 with a description like “Training exercise — 50% river N
reduction.”

In Step 2, select any template scenario and pick a year. Your load modifications will
be applied to this starting point.

In Step 3, filter to River sources and select 3-4 rivers discharging to the western
Sound. Apply a multiplication factor of 0.5 to the nitrogen variables (e.g., NH4,
ORGN, nitrate) — leave phosphorus unchanged.

In Step 4, verify your review table shows the nitrogen rows at 0.5, then Save.

Open your saved scenario and locate the Execute button and the Status fields.
(optional) Execute the scenario and wait for it to complete, this will take a few
minutes. If you don’t execute your scenario, there will be others that you can use for
later exercises.

Challenge (optional): Create a second scenario that instead doubles (factor 2.9)
the PO4 load from a single WWTP point source. Verify in your Step 4 review table
that you isolated exactly the intended source and variable.




Chapter 5— Results (1 hr)

Goals: Understand model processes, selected variables, the model grid, and available
simulation results; review and display model results using maps and charts; investigate
hydrodynamic and WQ results by location and model layer.

| The training uses a completed example simulation (2-year run, 2019-2020).
5.1 Selecting a Scenario and Result Layer
Inthe RESULTS tab:

1. Under Model and Scenario Results Display, choose a scenario from the dropdown
(e.g., Baseline 2019-2020).

2. Three sub-views are available: RESULTS, MODEL INPUTS, and SUMMARY
RESULTS.

3. Under Map Layers, use the eye icon to display a result variable on the map.

Available WQ and hydrodynamic variables include:

Salinity, Temperature, Dissolved Oxygen (DO), Chlorophyll-a, Orthophosphate (PO4), 5-
day Biochemical Oxygen Demand (BOD5), Particulate Organic Carbon (POC), Dissolved
Organic Carbon (DOC), Light Extinction Coefficient (Ke), Total Nitrogen (TN), Total
Phosphorus (TP), Dissolved Inorganic Nitrogen (DIN)

Results tab — scenario selection and result map layer list



More info — where each variable comes from. Most variables are read straight from
model output; the three “totals” are summed on the fly from their constituents:

Display name Code Unit How obtained

Salinity salt ppt direct model output

Temperature temp °C direct

Velocity (E/N) u, v m/s direct, rotated to
geographic

Dissolved Oxygen DO mg/L direct

Chlorophyll-a CHLA pg/L direct

Orthophosphate PO4T mgP/L direct

5-day BOD BOD5 mg/L direct

Particulate Org. TPOC mgC/L direct

Carbon

Dissolved Org. TDOC mgC/L direct

Carbon

Light Extinction SKE — direct

Coeff.

Total Nitrogen TN mgN/L sum: TPON + TDON
+ NH4T + NO23

Total Phosphorus TP mgP/L sum: TPOP + TDOP +
PO4T

Dissolved Inorg. DIN mgN/L sum: NH4T + NO23

Nitrogen

5.2 Map Controls — Depth, Time, and Style
Once a layer is displayed, the Map Legend panel (top right) provides:

e Acolor scale with adjustable min/max for the displayed variable
e A Depth slider — move through the vertical model layers (surface to bottom)

e ADate & Time slider with step and play/animate controls to move through the
simulation period

e Style options for the basemap
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Total Nitrogen map with legend, depth slider, and date/time control

5.3 Charts — Timeseries at Points/Stations

Did you know? — what the Depth slider really does. Model values are calculated at

the 10 sigma layers, not at fixed metre depths. When you ask for a value “at depth z,” the
server answers with linear interpolation between the two sigma layers that bracket z,
cell by cell. Cells shallower than z return no value (masked, not extrapolated) — which

is why a deeper depth shows data only in the channel. The surface layer is pinned to z=0.

The Charts and Cross Sections section extracts model results at the reporting locations

defined in Chapter 2 (and at monitoring stations):

1. Setthe Date Range (All Available / Preset / Custom).

2. Choose the Variable (e.g., Temperature, DO) and the Result Depth (vertical level, O

is surface).

3. SetResult Location Feature Type to Station Locations (or your reporting points).
4. Select one or more locations (e.g., CTDEEP F3) — scroll down to view a timeseries

chart of the model result.
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Model timeseries chart at station CTDEEP F3
5.4 Cross Sections (Transects)

Switch Result Location Feature Type to Transects and choose a transect (e.g., Transect5-
Battery Through Sound):

e Across-section (curtain) plot is generated: distance along the transect on the x-
axis, depth on the y-axis, color = the selected variable at the selected date/time.

e The cross-section updates as you move the map Date & Time slider — use this to
watch stratification develop and break down through the seasons.
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Results from: Baseline 2019-2020

Cross-section and map view together — investigating vertical structure at a momentin
time

| Behind the calculation — how Results numbers are produced.



Derived variables. Most variables are read straight from output; three are summed
on the fly: TN =TPON + TDON + NH4T + NO23, TP =TPOP + TDOP + POA4T, DIN =
NHA4T + NO23. So “Total Nitrogen” on the map is the cell-by-cell sum of its
constituents at that timestep.

Depth slider (vertical interpolation). Values are calculated at sigma layers; a
requested depth is answered by linear interpolation between the two bracketing
sigma layers, per cell. Cells shallower than that depth are masked (blank), not
extrapolated — why deep-only depths show data only in the channel.

Map surface. Each cellis drawn with its actual model value (no smoothing);
land/dry cells are transparent. Reset restores the variable’s full data range;
narrowing Min/Max just re-stretches the colours (it does not change the data).

Point timeseries. The server finds cell (i, j), optionally interpolates to a depth,
and returns every timestep in range.

Transect cross section. The line is walked cell-by-cell; the x-axis is the true
geodesic distance (m) along the line (WGS84), not cell count, soitis physically
meaningful even where cells vary in size. The surface is pinned toz = 0.
Summarize Areas. For a polygon + layer + period, mean/min/max are exact;
median, 10th, 90th percentile are estimated from a value histogram of the
masked cells (faster approximation on large grids).

Exercise 5 — Explore the Baseline Simulation

1.
2.

Select the Baseline scenario and display Dissolved Oxygen on the map.

Set the date to mid-August of a simulation year and the Depth slider to -25m.
Determine where DO is lowest by reading values by moving the mouse pointer over
the map? Now slide depth to the surface — how different is the picture?

Use the play control to animate DO. Use the Date & Time slider to jump ahead in
time more rapidly than waiting for the animation and watch the hypoxic zone grow
or shrink.

Switch the map layer to Total Nitrogen and look at the gradient from the East River
eastward. You may need to adjust the color gradient by dragging the maximum
lower (down) to improve analysis. Does it match your expectation given the loading
sources you saw in Chapter 4?

Under Charts and Cross Sections, plot a DO timeseries at a reporting point of your
choice (e.g., station CTDEEP F3), -25m, full simulation period. Identify the date of
the seasonal minimum.

Switch to Transects, select a pre-built transect (e.g., Transect 5 - Battery Through
Sound), variable Temperature. Compare the cross-section in February vs. August
— describe the stratification difference.

Challenge (optional): Using only map + cross-section tools, estimate the deepest
depth at which hypoxic water (DO below ~3 mg/L) occurs in the Sound in August,
and how far east along the Sound the hypoxic layer extends. > Hint: jump the Date &
Time slider straight to the seasonal-minimum date you found in step 5 — no need to



animate. A single cross-section reveals the full depth column and eastward extent
atonce: read the deepest depth where the DO contour drops below ~3 mg/L off the
y-axis, and the eastern edge of the hypoxic band off the x-axis (distance along the
line).




Chapter 6 — Reporting (1.5 hr)

Goals: Use the detailed reporting tools for Hypoxia and Water Quality Standards;
compare model scenario results in detail.

The REPORTING tab is driven by the Report Type dropdown at the top of the panel:
Hypoxia, Water Quality Standards, or Compare.

6.1 Hypoxia Reporting

The Hypoxia report quantifies the spatial extent and volume of low-oxygen water for a
chosen scenario.

Setup:

1. Report Type > Hypoxia.

2. Scenario »> choose the simulation to analyze (e.g., Dyker 2020).

3. Analysis > the DO statistic used for classification, e.g. Mean of Bottom Layer or Min
of Bottom 5 Layers.

4. Area -~ analysis area (e.g., LIS Analysis Area or a reporting polygon).

5. Setthe date range, then choose the Map Display Period: Full Period, Monthly, or
Custom.

Outputs:

e Map: bottom-layer DO classified into hypoxia threshold bands (color-coded legend,
e.g. <1, 1-2, 2-3, 3-3.5, 3.5-4.8, >4.8 mg/L).

e Charts/Tables tabs: timeseries of Hypoxia Area (km?) and Hypoxia Volume (km®)
for each DO threshold across the simulation.
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Hypoxia report — full period: area/volume timeseries and classified DO map

With Monthly display, a month slider (with animate) shows the classified hypoxia map for
each month:
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Hypoxia report — monthly display with month slider (July)



With Custom dates and the Min of Bottom 5 Layers analysis, the report highlights worst-
case conditions in a chosen window:

e

Hypoxia report — custom period, minimum of bottom 5 layers

Behind the calculation — hypoxic area and volume. The charts answer “how much of
the Sound is starved of oxygen, and for how long.” For each day, separately for each DO
threshold 2.0 (severe), 3.0 (moderate), 4.8 mg/L (mild / general stress):

5.

1.

Resample to daily — hourly DO collapsed to one value per day per cell (mean for
the average series, min for the minimum series).

Pick depths — Area uses the bottom layer (average) or bottom 5 layers (minimum);
Volume uses all layers.

Test each cell against the threshold (DO < threshold?).
Weight by cell size and sum:

o Cellsurfacearea=1 / (pn x pm) m’; cell layer volume = (depth h + 10)
x area.

o Hypoxic Area (kmz) =2 areas of below-threshold cells that day.
o Hypoxic Volume (km®) = 2 volumes of below-threshold cells/layers.

Only cells inside the analysis mask (LIS Study Area boundary or your polygon) count;
land cells are excluded.

So a point on the Area chart means “on this day, X km” of Sound bottom had DO at or
below this threshold.” The map is the spatial companion — each cell coloured by its
period-aggregated bottom DO (mean of the bottom layer over the period, or the
minimum across both time and the bottom 5 layers, matching the Analysis selection) —



showing where the low-oxygen water sat while the chart shows how the total extent
changed over time.

6.2 Water Quality Standards (WQS) Reporting

The WQS report evaluates model results against dissolved-oxygen water quality criteria at
assessment stations.

Setup:

1. Report Type > Water Quality Standards.

2. Scenario » simulation to evaluate.

3. Map analysis > two map layers are available: DO Daily Average (mean bottom-
layer DO per cell, mg/L) or Chronic Compliance % (percent of days that are not
chronic-violation days, per cell).

4. Select stations: pick a Station Group or check individual WQS stations from the
multi-select list (stations show on the map as you select).

5. Choose the time period (Full Period or a sub-period) and click Calculate.
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WQS report setup — station multi-select and calculate
Outputs (per station):

e DO Avg — daily-average bottom DO timeseries against the criterion

e Daily Fraction — each day’s contribution to the chronic criterion (the “violation
weight”, 0-1)



e 66-day Cumulative Sum — the rolling sum of those daily fractions; this is the
quantity compared against the standard

e Station compliance summary (chronic-violation days) and a classified DO /
compliance map layer

e Tables tab for tabular results
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WQS report results — station charts (DO avg, daily fraction, cumulative sum) and classified
DO map

With the Chronic Compliance % map analysis, each cellis colored by the percentage of

days meeting the chronic criterion — green where the standard is met, hot colors where it
fails often:
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WQS report — Chronic Compliance % map layer with station charts

The Tables tab presents the same results in tabular form — a station compliance summary
plus per-day values (DO average, daily fraction, cumulative sum) for export and detailed

checking:

Long Island Sound HWQMS

WQS report— Tables tab with station summary and per-day values

Behind the calculation — the chronic DO criterion. The standard is not “DO dropped
below a number once.” It is a duration-weighted rule reproducing the regulatory
chronicWQS reference method: short deep dips and long mild dips are both penalised.

Per station (charts) or per cell (map), the server:



1. Daily-averages the bottom-layer DO (also counting raw hours below 3.0 mg/L for
reference).

2. Converts each day to a violation fraction: DO < 3.0 ~> 1.0 (full violation day); DO
between 3.0 and 4.8 > a partial fraction from the criterion table (looked up by
INT(DO x 10);=0.5 at 3.0 mg/L, falling toward =0.02 near 4.8); DO 2 4.8 > 0.0.

3. Forward-sums each day’s fraction over the next 66 days.

4. Flags a chronic-violation day wherever that 66-day sum = 1.0.

Intuition: one full day below 3.0 mg/L, or an accumulation of milder low-DO days within a
~2-month window, both trip the criterion. The Chronic Compliance % map is 100 x (1
- violation_days / total_days) per cell— green where the standard is met almost
always, hot colours where it fails often.

6.3 Compare — Scenario-to-Scenario Comparison
The Compare report puts two scenarios side by side, in both map and chart form.
Setup:

Report Type > Compare.

Variable > e.g. Total Nitrogen; choose the Time period and Model Layer.
Analysis > Side By Side (split map) or Differences (a single map of Left — Right).
Choose the Left Side (A) scenario and the Right Side (B) scenario — the panel
labels which one is the baseline and which is a user scenario. Thef swap button
between the two dropdowns flips A and B (and therefore the sign of every
difference).

5. Optionally select a Result Location (e.g., Mouth Thames (River)) to generate an
overlay comparison timeseries chart with one line per scenario.

Pobd=

Outputs:

e Split map with a draggable swipe divider — one side shows the Left scenario, the
other the Right, each with its own time slider so you can compare the same date or
different dates.

e Comparison chart — both scenarios’ timeseries at the selected location on one
axis.
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Compare report— side-by-side TN maps with swipe divider and scenario comparison
timeseries

The Differences view. Switching Analysis to Differences replaces the split map with a
single map of A - B per cell, and the comparison chart gains a third, dotted Difference (A
- B) series plotted on its own secondary axis (right-hand side) so a small difference is still
readable against the larger absolute values.

In the example below, A = Baseline 2019-2020 and B = Dylan 2020 (a nitrogen-reduction
scenario), variable = Total Nitrogen, monthly mean of model layers 1-2. Because the
baseline is on the A side, the map and the difference series are positive wherever the
scenario lowers TN — the dark cells in the western narrows and along the East River are
where the management actions remove the most nitrogen. The Compare Map Layer
legend gets its own min/max boxes (here —0.0003 to 1 mgN/L) and a Reset button:
differences are usually much smaller than the absolute concentrations, so tightening the
legend range around zero is often needed to make the spatial pattern visible. Hovering map
cells shows the difference value at that point.
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Compare report— Differences analysis: single A — B map of Total Nitrogen with difference
legend, and Mouth Thames timeseries showing both scenarios plus the dotted Difference
(A - B) series on a secondary axis

Reading the chart: both absolute series share the left axis (TN, mgN/L); the dotted
difference reads off the right axis. At Mouth Thames the difference holds at roughly 0.10-
0.14 mgN/L through 2019-2020 and collapses toward zero after October 2020 — where
the two model runs converge, the benefit of the scenario ends.

Behind the calculation — what “Compare” actually subtracts. Both scenarios go
through the identical pipeline before comparison: same variable, same selected sigma
layer(s) with the same layer statistic (min/max/mean), same period with the same time
statistic. Only then:

e Side By Side keeps the two results separate so you read absolute values on each
side of the swipe.

e Differences returns Left - Right percell (map) or per timestamp (chart). For
timeseries the two series are aligned on their common timestamps (inner join)
before subtracting, so mismatched output frequencies cannot create phantom
differences.

e Anycell masked (land/dry) in either scenario stays masked in the difference,
preserving the land/sea boundary.

e Both runs must share the same grid; the tool refuses a comparison if the grids differ
in size.

Exercise 6 — Report on Hypoxia, Standards, and Scenario Benefits

Part A— Hypoxia (20 min)



1.

Run a Hypoxia report on the Baseline 2019-2020 scenario, Mean of Bottom Layer,
LIS Analysis Area, full period.

From the Hypoxia Area chart, read off the approximate maximum hypoxic area (kmz,
DO <3 mg/L) and the month it occurs (reminder to click chart legend series names
to toggle on/off).

Switch the Map Display Period to Monthly and animate through the year. In which
month does hypoxia first appear, and when does it disappear?

Re-run with Min of Bottom 5 Layers for the peak month only (Custom dates). How
much larger is the worst-case footprint than the mean-based one?

Part B— Water Quality Standards (20 min)

5.

6.

Run a WQS report (DO Daily Average) for 4-6 stations spanning west-to-east along
the Sound. Click Calculate.

Using the per-station charts, identify which station has the most days in
contravention. Where does its 66-day cumulative sum cross 1.0 (= chronic
violation begins) during late summer?

Notice that at your worst station the 66-day cumulative sum stays above 1.0 (still
in chronic violation) even after the daily-average DO has recovered back above the
threshold in early autumn. Explain this lag: why does improving DO not immediately
clear the violation?

Part C — Compare (20 min)

8.

10.

11.

12.

13.

14.

Set up a Compare report: Variable = Total Nitrogen, Time Period = Full, Model
Layers = 9,10 Mean, Analysis = Side By Side, Left = a completed scenario, Right =
Baseline 2019-2020.

Tighten the Compare Map Layer legend color gradient to a 0-1 range so the spatial
color contrast sharpens and small TN differences become easier to read on the
map.

Drag the swipe divider across the western narrows. Where is the TN reduction most
visible?

Read the scenario-vs-baseline difference from the comparison chart during the
summer period.

Switch Analysis to Differences with Left Side (A) = Baseline and Right Side (B) = the
management scenario. Tighten the Compare Map Layer min/max around the
difference range so the spatial pattern stands out. Which areas show the largest TN
reduction, and how far east does a visible benefit extend?

On the comparison chart, read the dotted Difference (A — B) series againstits
secondary axis: what is the approximate peak difference at your location, and in
which months is it largest? Click the ¥ swap button and confirm the difference
series flips sign.

Challenge (optional): Use the Compare tool to answer one management question:
“Where and when does the management scenario deliver the largest Total Nitrogen



reductions relative to Baseline, and how far east along the Sound does a meaningful
benefit extend?”.




Wrap-Up and Feedback (1 hr)

Discussion topics:

1. Usability — What would make each workflow (GIS setup - stations > scenarios >
results - reporting) easier? Where did you get stuck during the exercises?

2. Features and workflows — What additional features, variables, report types, or
export formats would help your work?

3. Open Q&A — Remaining questions on model background, scenario assumptions,
or toolroadmap.

Feedback gathered here directly guides the final development phase of the GUI/DST. This
is a training build — live model runs and account administration are handled outside this
session.




Quick Reference — Common Controls

Control

Where

Does

Eyeicon
Funnel/ filter
Info
Opacity slider
Map Legend - Layer Order
Map Legend - Style
Depth slider

Date & Time slider

Reset (legend)
Swipe divider
Download

Any list row

Layer / station rows

Layer rows / report header
Layer rows

Top-right of map

Top-right of map

Results map (right)

Results / Reporting map

Results / Reporting
Compare map
Charts / Tables

Show/hide on map

Filter records

Layer or report description
Transparency

Restack layers

Basemap / symbology

Step model layers
(surface<bottom)

Scrub simulation time;
animate

Restore full color scale
Split Main vs. Reference
Export data (CSV)




Appendix — Glossary of Model Variable Codes

Code Meaning

DO Dissolved oxygen

NHAT Ammonium nitrogen

NO23 Nitrate + nitrite nitrogen

PO4T / OPO4 Orthophosphate

TPON / TDON Total particulate / dissolved organic nitrogen

TPOP / TDOP Total particulate / dissolved organic phosphorus

RPON, LPON, RDON, LDON Refractory/labile, particulate/dissolved organic N (>
ORGN)

RPOP, LPOP, RDOP, LDOP Refractory/labile, particulate/dissolved organic P (>
ORGP)

RPOC, LPOC, RDOC, LDOC Refractory/labile, particulate/dissolved organic C (>
ORGC)

PHYT1/2/3 Phytoplankton groups

BSI/SIT Biogenic / total silica

TSS Total suspended solids

BOD5 5-day biochemical oxygen demand

CHLA Chlorophyll-a

SKE Light extinction coefficient

s_rho Sigma (vertical) layer index; 0 = bottom

pn, pm Grid cell inverse spacings (used for cell area)

river_transport Model freshwater transport at a load cell

gradient Scenario load multiplier

Source/category codes: GW groundwater - River_CO river (constant conc.) - River_TV
river (time-varying conc.) - Plant WRRF/wastewater - CSO combined sewer
overflow - SW stormwater.



