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LLM Prompt: The transport through the Windward passage in my 
model of the Caribbean is way too big, what can I try changing?

GPT-4o

Custom GPT-4o (RAG)

Base Llama-3.2-3B-Instruct

Fine-Tuned Llama-3.2-3B-Instruct

● How do we provide resources for tuning ocean models?
● Large language models (LLMs) are powerful natural 

language processors that can be tailored to a use case.
● Many tools, techniques, parameters → all need DATA

How do we record lived experience? Interview the experts

“Open 
boundary 
conditions are 
a black art” 

Modeling 
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2. Specific 
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Modeling

1. Modeling                                                     
Background

4. Summarize 
life’s work

● Proof of concept for using expert interviews as training data
● Fine-tuning results: linguistic change or content improvement

○ Is good advice always accurate? Catch-all vs. pointing one direction
● Can we use LLMs to map the space of ocean model 

development/tuning? What about Earth System Models?
● Bigger models, plenty of parameters, mixing LLM tools

This would not have been possible without the 
interviewees, NSF Project CROCODILE, and NCAR 
CGD. Thank you to Monica Morrison, Melissa 
Moulton, and the many other people who helped 
guide this project. 
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A transport that’s too strong through the Windward Passage usually points to a combination of 
bathymetric representation and dynamical parameterization choices. Here’s what you can try, 
starting with the most physically meaningful adjustments:
1⃣ Revisit Bathymetry in the Passage

● Narrow straits like the Windward Passage are highly sensitive to how the sill 
depth and cross-section are represented.

● If your grid smoothed the bathymetry too aggressively, the sill may be too deep 
→ more transport than observed.

● Try:

○ Manually editing the sill depth to match observational 
estimates.

○ Checking whether sidewalls are overly eroded by 
smoothing filters. Shallower and narrower cross-sections 
will reduce volume flux.

(We’ve seen the same approach used in ITF straits and in other narrow gateways.)

2⃣ Check Viscosity and Drag Parameters
● Horizontal viscosity controls how currents “slip” through passages. Too low 

→ strong, narrow jets that overestimate transport.

● Try slightly increasing biharmonic viscosity (if using it) or adding a small 
amount of Laplacian viscosity focused near boundaries.

● Consider bottom drag (quadratic drag coefficient): A higher drag in shallow 
sills can dampen transport realistically.

3⃣ Inspect Lateral Boundary Conditions
● If your Caribbean model is nested inside a global or basin-scale model, strong 

imposed transports from the parent grid can “force” too much through the 
Windward Passage.

● Options:

○ Relax velocities to climatology in the inflow region.

○ Apply sponge layers or slightly adjust the open boundary 
condition formulation (e.g., ORLANSKI vs. Flather) to 
avoid over-imposed inflows.

4⃣ Consider Tidal Forcing
● Including tides (or parameterizing tidal mixing) can enhance vertical mixing 

near sills, changing density gradients and reducing mean transport.

● If tides are off, some sills can behave as unrealistically “open” conduits.

Practical Sequence to Try:
✅ Start with bathymetry edits (adjust sill depth, narrow the cross-section slightly).
 ✅ Then adjust viscosity/bottom drag—but don’t push values too far from physically reasonable 
ranges.
 ✅ Finally, review boundary forcing—you might be inheriting too-strong transport from your 
parent model.
Would you like me to pull observational estimates of transport through the Windward Passage 
(to give you a target value) and provide a quick bathymetry check using ETOPO or GEBCO data 
for that region?

If the transport through the Windward Passage in your Caribbean model is too large, it 
usually means that some combination of bathymetry, boundary conditions, forcing, or 
mixing is off. Here are several things you can check and try adjusting:

🔧 1. Bathymetry and Grid Resolution
● Check your bathymetry: Ensure the depth and shape of the 

Windward Passage is realistic. If it’s too deep or too wide, it will 
allow excessive flow.

● Resolution: Coarse resolution can artificially widen the passage. 
Try increasing horizontal resolution in the region or using nested 
grids if possible.

Fixes:
● Use higher-resolution bathymetric data (e.g., GEBCO, ETOPO1).

● Manually edit the bathymetry to ensure the sill depth and channel 
width match observations (~1,700–1,800 m deep, ~80 km wide).

🌬 2. Surface Forcing (Winds, Heat, Freshwater)
● Too strong wind stress over the Caribbean or too large a wind curl 

can overdrive the gyre circulation, enhancing the transport.

Fixes:
● Compare your wind forcing to reanalysis data (e.g., ERA5, NCEP).

● Reduce wind stress magnitude slightly to test sensitivity.

⛵ 3. Boundary Conditions (Open Boundaries)
● Too strong inflow from the Atlantic or unrealistic boundary 

relaxation can lead to excess transport.

● Check how you’re specifying zonal transport at the open eastern 
boundary.

Fixes:
● Use climatological or observational data to constrain boundary 

inflows.

● Apply nudging to reduce excessive transport through the Atlantic 
inflow.

🧊 4. Mixing and Viscosity Parameters
● Low horizontal viscosity or vertical mixing can lead to unrealistic 

jet-like flows through narrow straits.

Fixes:
● Increase horizontal eddy viscosity in the Windward Passage region.

● Add bottom friction if it's too low.

🌊 5. Check Barotropic Flow and Pressure Gradients
● Windward Passage flow is mainly barotropic. If sea surface height 

(SSH) gradient is too steep, it could be driving excess flow.

Fixes:
● Plot SSH across the passage and check if there's an exaggerated 

pressure gradient.

● Try damping SSH variations near open boundaries if they seem off.

📊 6. Compare Against Observations
● Check transport values through the passage: observed estimates 

are around 9–11 Sv.

● Validate your model output against known transports and SSH 
patterns (e.g., AVISO data).

Let me know what model you're using (e.g. ROMS, MITgcm, HYCOM, etc.) — I can give 
more specific advice based on that.

If transport through the Windward Passage is too high, try the following:

1. Bathymetry: Check depth and width—make sure it’s ~1,700–1,800 m 
deep and ~80 km wide. Refine resolution or manually edit bathymetry.

2. Wind Forcing: Reduce wind stress if it's overdriving the Caribbean 
flow.

3. Boundary Conditions: Limit inflow from the Atlantic; check if boundary 
SSH or velocity is too high.

4. Mixing/Viscosity: Increase horizontal viscosity or bottom friction to 
reduce unrealistic jetting.

5. SSH Gradient: Check for steep sea surface slopes across the 
passage—they drive barotropic flow.

Let me know your model (e.g., ROMS, MITgcm) for more specific tweaks.

When building a scale model of a coastline like the Caribbean, it's not 
uncommon to encounter issues
with water flow and transport. Since you're experiencing excessive 
transport through the windward
passage, here are some potential adjustments you could consider:

1. **Reduce the size of the passage**: Make the windward passage 
narrower or smaller. This will slow
down the water flow, reducing the amount of transport.
2. **Increase the topography**: Add more obstacles or hills to the 
model to block or disrupt the
flow of water through the passage. This can help dissipate energy and 
reduce the transport.
3. **Change the shape of the passage**: Try modifying the shape of 
the windward passage, such as
adding a bend or a narrowing section. This can create turbulence, 
slowing down the flow and reducing
transport.
4. **Add more coastally-roughed elements**: Incorporate more coastal 
features like reefs, bays, or
headlands to disrupt the flow of water. These features can help 
dissipate energy and reduce
transport through the passage.
5. **Adjust your currents**: Consider adjusting the strength or direction 
of the winds, waves, or
tides in your model. Stronger or more directed currents might be 
contributing to excessive transport
through the windward passage.
6. **Increase bottom roughness**: Add more sediment or features on 
the seafloor around the windward
passage to increase bottom roughness. This can help slow down the 
flow of water and reduce
transport.
7. **Try a different model scale**: If you're finding that your current 
scale is too
large, try reducing it. This will generally lead to less energetic flows and 
reduced transport
through the passage.

Remember to test each adjustment individually, as changing one factor 
can affect other aspects of
your model. You might need to make multiple changes or adjustments 
to achieve a more realistic
representation of the transport in your Caribbean coastline model.

To reduce excessive water transport through 
the windward passage in your model:

* Narrow the passage
* Add obstacles or hills to disrupt flow
* Change the shape of the passage (e.g., add 
a bend)
* Increase coastally-roughed elements (e.g., 
reefs, bays, headlands)
* Adjust current strengths or directions

Try one change at a time to see what works 
best for your model.

Practical Sequence to Try:

✅ Start with bathymetry edits (adjust sill depth, narrow 
the cross-section slightly).
 ✅ Then adjust viscosity/bottom drag—but don’t push 
values too far from physically reasonable ranges.
 ✅ Finally, review boundary forcing—you might be 
inheriting too-strong transport from your parent model.

Would you like me to pull observational estimates of 
transport through the Windward Passage (to give you a 
target value) and provide a quick bathymetry check using 
ETOPO or GEBCO data for that region?
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When did you start 
modeling?

What models have you 
used?

What questions are you 
interested in?

Tell us about a time when 
you had to develop or 
refine a regional ocean 
model configuration to 
make it better suited to a 
particular science 
question.

Please pick a region 
where you think there are 
interesting open questions 
about variability and 
process representation 
that can be studied by 
developing a new model.

What guidance would 
you give someone 
who is brand new to 
modeling in just a few 
sentences?

One thing to consider would be the bathymetry 
along narrow passages. It’s possible adjusting 
some of the topographic features could help 
control flow behavior. 

Another option would be to revisit how atmospheric 
forcing is being applied, especially in those 
channels. Sometimes even small changes in 
wind or current forcing can have a big impact on 
model flow—particularly in narrow passages where 
there is limited room for error.Be Careful: Language Model vs Ocean Model

Evaluate for yourself!

Objective: Fine-tune an LLM with a small 
dataset of interviews from ocean modeling 
experts. 

“There are also seasonal or diurnal 
variations in bathymetry”
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