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LLMs can now write 
working scientific scripts.
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LLMs can now write 
working scientific scripts.

But is the method 
scientifically valid?
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You are a scientific programmer analyzing ESM output. Please write a complete, 

self-contained Python script that performs the requested analysis.

Task: Using E3SM land model monthly output, extract the climatological mean runoff 

over 1985–1989. The ELM data path is XXX. Extract the global QRUNOFF field for 

1985–1989 and compute the area-weighted global mean. Produce a map of the 

mean runoff field with the global statistics overlaid.
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Silent Failure!
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Silent Failure Could Lead to Opposite 
Conclusions

The auto-generated script omits land-fraction weighting, 

leading to negative water budget residual calculation.
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Silent failures are runs that 
succeed at the software level but 
fail at the scientific level.
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Silent failures are runs that 
succeed at the software level but 
fail at the scientific level.

What should we let LLM to decide?
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Let the LLM compose, not code
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ESFlow: a Module-Grounded Workflow

• Validated Python tools 

(LLMs never see)

• Tool Library describes 

tool function and I/O 

(LLM context)

• LLM generates workflow 

in YAML format

• A run_workflow 

engine executes the 

workflow by calling tools
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Benchmark tests

• Two test types: baseline (direct Python generation) & 
module-grounded (ESFlow framework).

• Six LLMs evaluated: Phi-4, Haiku 4.5, o4-mini, Gemini 
2.5 Flash, GPT-5, Opus 4.6.

• Seven hydrology diagnostic tasks – ranging from 
simple to complex.

• Four repeats per test run.
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Benchmark tests (Task 6)
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Single shot results

82% Success, 5% Silent Failure 5% Success, 16% Silent Failure
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Self debug (up to 3 rounds) results

85% Success, 5% Silent Failure 9% Success, 40% Silent Failure



15

Can we trust LLMs for complex ESM analysis?

• Unconstrained code generation is 
unreliable for ESM analysis.

• Module-grounded composition achieves 
high-fidelity results.

• Self-debugging is safe only when the LLM 
is constrained.
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Thanks for your 
attention!
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Flow of non-success 
runs through single-
shot grading and post-
self-debug

Backup Slide
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Root cause of the non-
success runs

Backup Slide
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