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The photosynthesis-irradiance (P-I) curve

Four parameters, each with a physical meaning.
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How the parameters are estimated today

Least squares, one curve at a time. Uncertainty as an afterthought.



The functional form matters - Amirian et al. (2025)

1808 P–I curves · 16 photoinhibition models · parameters differ up to
40%.



So what can a Bayesian approach
give us?

Fit all surveys together. Carry the full uncertainty.



The Bayesian idea

Hierarchy: surveys share strength. Uncertainty comes built in, not added afterward.



The data: Bedford Basin

1975–76 · replicated 14C incubations · ∼100 surveys · a built-in
benchmark.



Model diagnostics

4 chains · 2,000 draws · 0 divergences · R̂ = 1.0 for all parameters · ESS
> 5,000.



Results: every parameter is a distribution
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Results: model vs. historical, survey by survey
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Left: we recover the classical values. Right: pooling reins in the blown-up
intervals.



Results: model vs. historical, survey by survey
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Left: we recover the classical values. Right: pooling reins in the blown-up
intervals.



Results: model vs. historical, survey by survey
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Left: we recover the classical values. Right: pooling reins in the blown-up
intervals.



Results: and it fits better
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68 surveys: model better
39 surveys: historical better

Per-survey fit quality: model vs. historical
1:1 line

Better in 68 of 107; mean RMSE 0.237 vs 0.261. Losses concentrated in handful of
surveys; median difference negligible.



Where this goes



Bayesian tools recover the classical answers,
quantify uncertainty that was rarely quantified,

and fit better.

THANK YOU!


