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Motivation

Probabilistic UQ requires specification of uncertain inputs

Require joint PDF on input space

PDF can be found given data
Typically such PDFs are not available from the literature

Summary information, e.g. nominals and bounds, is usually
available

Uncertainty in computational predictions can depend
strongly on detailed structure of the missing parametric
PDF
Need a procedure to reconstruct a PDF consistent with
available information in the absence of the raw data

“Data Free" Inference (DFI) (Berry et al., JCP 2012)
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The strong role of detailed input PDF structure

Simple nonlinear algebraic model (u, v) = (x2 − y2, 2xy)
Two input PDFs, p(x, y)

same nominals/bounds
different correlation structure

Drastically different output PDFs
different nominals and bounds
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Generate ignition "data" using a detailed model+noise

Ignition using a detailed
chemical model for
methane-air chemistry

Ignition time versus Initial
Temperature

Multiplicative noise error
model

11 data points:
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Fitting with a simple chemical model

Fit a global single-step
irreversible chemical
model

CH4 + 2O2 → CO2 + 2H2O

R = [CH4][O2]kf

kf = A exp(−E/RoT)

Infer 3-D parameter
vector (ln A, ln E, lnσ)

Good mixing with
adaptive MCMC when
start at MLE
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Bayesian Inference Posterior and Nominal Prediction

30 31 32 33 34 35

10.6

10.65

10.7

10.75

10.8

10.85

1000 1100 1200 1300
Initial Temperature (K)

0.01

0.1

1

Ig
ni

tio
n 

tim
e 

(s
ec

)

GRI
GRI+noise
Fit Model

GRI

GRI+noise

Marginal joint posterior on
(ln A, ln E) exhibits strong
correlation

Nominal fit model is con-
sistent with the true model
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Data Free Inference (DFI) (Berry et al., JCP 2012)

Intuition: In the absence of data, the structure of the fit
model, combined with the nominals and bounds, implicitly
inform the correlation between the parameters

Goal: Make this information explicit in the joint PDF

DFI: discover a consensus joint PDF on the parameters
consistent with given information:

– Nominal parameter values
– Bounds
– The fit model
– The data range
– ... potentially other/different constraints
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Data Free Inference Challenge

Discarding initial data, reconstruct marginal (ln A, ln E) posterior
using the following information

Form of fit model

Range of initial temperature

Nominal fit parameter values of ln A and ln E

Marginal 5% and 95% quantiles on ln A and ln E

Further, for now, presume

Multiplicative Gaussian errors

N = 8 data points
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DFI Algorithm Structure

Basic idea:

Explore the space of hypothetical data sets
– MCMC chain on the data
– Each state defines a data set

For each data set:
– MCMC chain on the parameters
– Evaluate statistics on resulting posterior
– Accept data set if posterior is consistent with

given information

Evaluate pooled posterior from all acceptable posteriors
Logarithmic pooling:

p(λ|y) =

[

K
∏

i=1

p(λ|yi)

]1/K
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Short sample from outer/data chain
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Reference Posterior – based on actual data
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Ref + DFI posterior based on a 1000-long data chain
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Ref + DFI posterior based on a 5000-long data chain
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Closure

Need for probabilistic characterization of uncertain inputs
of climate models

Correlations important for uncertainty in predictions

Given either old or new data
Bayesian inference can be used to provide the joint
posterior PDF on model parameters

In the absence of data
DFI ⇒ joint PDF consistent with available information

Relationship to the Bayesian missing data problem, and
maximum entropy estimation

Require information on experiments/instruments/fitting used
to measure each parameter
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