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Spatial uncertainty

Positional uncertainty

Attribute uncertainty
‘Typically, 3% of parcels are wrongly labelled’
‘There is a systematic bias of x on temperature measurements’.
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An example – estimating pixel contents

Positional uncertainty combines with / contributes to attribute
uncertainty



‘Computer says maybe’ –Lucy Bastin & Dan Cornford ‘Computer says maybe’ –Lucy Bastin & Dan Cornford 

‘Soft’ vs. ‘hard’ mapping
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Positional -> attribute uncertainty

The exact location of pixels is uncertain.
Their contents are therefore uncertain.

Typical registration error in x and y
Mike Hughes, University of Leicester

Variety of possible pixels creates a whole population 
of possible pixel contents.
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Modelling work in progress at FERA:
Data are shown in light blue parallelograms, models in grey boxes and
outputs in purple rounded boxes. Data flows are shown with arrows. 

Why uncertainty matters

Example: an interesting chain of models for real-world decision making
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Accessing models as Web services

How trustworthy is this output? 
And how can we communicate that reliability?

A simple example: interpolation
Could involve much more complex or 
process-based models
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Data uncertainty

Measurement error
Natural variation
Errors may have very different characteristics!
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Model uncertainty

Model assumptions.
Approximate solutions to mathematical problems.
Overfitting to specific scenarios.
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Uncertainty propagation

How trustworthy is this output? 
And how can we communicate that reliability?
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The ‘ModelWeb’

• Accessing data through Web services is familiar and 
widespread – e.g., Amazon, NERC data centres.

• MODELS can be exposed as services on the internet, 
which can be discovered, consumed and chained.

• This requires automated exchange of information: 
e.g., Capabilities documents written in XML

BUT ... COMPUTERS DON’T SPEAK UNCERTAINTY
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UncertML – encoding uncertainty.

A flexible XML language for INTEROPERABLE 
communication of uncertainty.

Currently, numerical, probabilistic representations only 
(i.e., not fuzzy or semantic)

Can be used in a wide variety of contexts.

Under discussion for adoption as an OGC standard.
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UncertML features

Encodes uncertainty ONLY
i.e., it is agnostic to context.

Separates concerns
Units of measure, geographic coordinates etc. 

represented using other appropriate schemas.

Has been used to extend the functionalities of:
52ºN Sensor Observation Service
GML (Geography Markup Language)
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UncertML in use: INTAMAP

How trustworthy is this output? 
And how can we communicate that reliability?

Accepts and returns XML-formatted data.
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Many useful treatments of disease data involve 
realisations:

Ensemble predictions to identify epidemic 
‘switch’ (Goovaerts, 2008, 2009)

Bayesian smoothing of relative risk rates
(Best et al, 2007, Diggle 2004)

Generating a population of nulls to identify 
significant excesses. (Bastin et al, 2008)

UncertML / visualisation example 1: Realisations



‘Computer says maybe’ –Lucy Bastin & Dan Cornford 

Sample area is a census polygon:
Its geometry is a GML polygon.

RESULT of the observation is a 
JointRandomVariable (just an example of
the sort of object a user might use to 
convey units etc…)
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Dictionary definitions

Order / Interleaving metadata

Realised frequencies for this polygon

How the values were produced
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Simulations of disease

Here, the realisations 
encoded in UncertML
are re-used for 
visualisation.

The simulated 
frequencies of disease 
are summarised (pie 
charts) and compared 
to observed rates. 
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UncertML / visualisation example 2: probabilities

Every pixel of a GML RectifiedGrid can contain an 
UncertML Uncertainty as its value.

This might be:

a Gaussian distribution, representing variance 
around the mean.
a set of quantiles.
any other user-defined distribution.
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Visualising uncertain pixel values

These uncertain values are encoded according to an open standard.
They can be parsed and visualised in a variety of ways...

Animated sequences of 
equally probable maps...

Probabilities of exceeding 
a threshold

(VT Beans, L. Bastin & J Wood)
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Visualising uncertain pixel values

Exploration of quantiles...
(Aguila, E. Pebesma)
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UncertWeb
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Challenges of building the UncertWeb

To make the Uncertainty Enabled Model Web work we need to:
Elicit input uncertainties and provide tools for this;
Manage the propagation of uncertainty in complex models;
Provide tools to analyse and visualise the results.

Making this work across the internet is a big challenge.
Using emulators (see MUCM project) of models – statistical 
surrogates that represent the relevant input-output response 
of the models – provides one mechanism that could 
significantly speed up the UncertWeb in operation.

More work is required to demonstrate this.
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Summary

Uncertainty is challenging to manage in spatial models

Many sources of uncertainty and spatial uncertainty adds 
another!

Open questions:
Visualisation not much addressed in recent years
Main developments in statistical modelling, e.g. MUCM 
project.

Still need to convince users that quantified uncertainty is 
necessary for rational decision making!
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