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What is 
Uncertainty 
Quantification 
in the context of 
Data Assimilation?

Different uses:

ɆParameter estimation (calibration)
ɀuncertainties in the parameters

ɆState estimation / reconstruction / 
synthesis (interpolation)
ɀuncertainties in reconstructed state or 

derived quantities of interest (QoIs)

ɆForecast initialization (extrapolation)
ɀuncertainties in the forecast



What are 
the sources 
of uncertainty?

ɆObservations: 

ɀmeasurement error & irregular sampling 
(in space and time)

ɆModel:

ɀParametric uncertainties

ɀStructural uncertainties (discretization, 
model inadequacy)

ɆAssimilation scheme:

ɀDA algorithm (and approximations)

ɀhow observations are ingested in DA

ɆAll boundary conditions: 

ɀexternal forcing, bathymetry, lateral 
boundaries 

ɆUse of prior knowledge: 

ɀerror covariances, representation error



Why is 
uncertainty 
quantification
difficult to do?

ɆSpatio-temporally irregular 
sampling of observations
ɀHow to account for inhomogeneous 

sampling

ɆParametric uncertainty
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ɀN2 for parameter space dimension N

ɆStructural uncertainty / model 
inadequacy
ɀHow to capture? Source terms in the model?

ɀAbsorb within parameter estimation?

ɀMachine learning / neural networks as 
surrogate models?

ɀStochastic approaches?



A way forward: 
Bayesian 
inverse 
methods

Computational frameworks that account 
jointly for model, observations, forcings, 
prior knowledge, and all their 
uncertainties:

ɆMCMC and similar sampling techniques 
hard for high-dim. parameter spaces

ɆDerivative-based inference: 

o propagates (almost) all uncertainties

o provides dynamical underpinning of 
uncertainty propagation

o infers low-order modes

o can use gradient info to sample from 
the posterior
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