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Spatial uncertainty

» Positional uncertainty

Mean and s.d.
of readings

» 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



‘Soft’ vs. ‘hard’ mapping

Single map showing majority cover One layer per cover type.
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Positional -> attribute uncertainty

» The exact location of pixels is uncertain.
» Their contents are therefore uncertain.
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Variety of possible pixels creates a whole population

Typical registration error in x and y of possible pixel contents.

Mike Hughes, University of Leicester .
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Why uncertainty matters

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

World Sensor networks  Client applications  INTAMAP WPS  Interpolation cluster

Observe < getObservations

+
csy 0&M Stream
g‘ O&M UncertML 010011
100110

Observations

> execute(Interpolation)

Interpolate

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

Interpolation
—=

result(Interpolation)
<




Data uncertainty

l Feedback
IIl I|
/ pﬂli qita [—> Policy and _ » Agent based farmer | Land use Uisualisat on ﬁ:.r '-I
Ly o ‘I;' economics model decision model scenarios H\ policy
A
[ /
| Land use data |
¥ |I I|l |IIl IIJ'
[ G ohyscal |
| dE' .'I
|III
Climate model i-?’f Theate deta

Measurement error
Natural variation
Errors may have very different characteristics!

‘Computer says maybe’ —Lucy Bastin & Dan Cornford



Model uncertainty
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Model assumptions.
Approximate solutions to mathematical problems.
Overfitting to specific scenarios.
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Uncertainty propagation
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How trustworthy is this output?
And how can we communicate that reliability?
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The ‘ModelWeb’

e 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.

e 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
(.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
» l.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:

» 52°N Sensor Observation Service
» GML (Geography Markup Language)
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UncertML in use: INTAMAP

World Sensor networks  Client applications  INTAMAP WPS  Interpolation cluster

Observe < getObservations

+
csy Stream
—g— 0O&M ni0o11
100110

Observations

> execute(Interpolation)

Interpolate

Accepts and returns XML-formatted data. _
< Interpolation

result(Interpolation)
<




Interoperability
and

Automated
Mapping

Home Download/Install Usage Developments  Publications FAQ Contact

Using INTAMAP

Try INTAMAP
Try INTAMAP
Applications
. - For a demonstration of the INTAMAR interpolation service, paste the contents of a C3V file
> Radioactivity taini b i ish to int late in the box bel d click 'Int late’. Each
b Air quality containing observations you wish to interpolate in the box below and click 'Interpolate’. Eac

rovw in the file should represent an observation and have three or four columns: the x coordinate

b ideo examples _ _ . :
P of the feature of interest, the v coordinate of the feature of interest, the result, and optionally the

standard deviation. The CE% file should not contain a header.

INTAMAP system .
P Send a WPS Request RE(]LIESt Details
PR 1.ntama|:| package Load sample data (smaller data sets take less time - indicated time is for the psgp method):
P Rintarmap examples , , : :
. : |Weatherl_lndergruund temperatures (438 obs, with error column, time 30s) j iLoad;
kP R intamaplnteractive
> R back -5.358,50.22,12.55,0.98 Al
Psgp k. package _5.05,50.42,11.78,2.26
P Adding new methods -4.22,50.40,12.65,1.01

—4,07,50.53,11.39,1.95
—4,09,50.56,11.62,1.62

IMTAMAP Clients -4.03,50.33,11.28,2.07
P Generic INTAKAP client -3.80,50.24,11.44,2.67
-4.35,50.81,11.88,2.10
b INTAMAP Java API -3.52,50.38,11.99,0.96
P SeeSharp -2.56,49.47,11.35,4.09
Aston University b abile client ~2.54,49.45,11.36,3.49 -l

Birmingham

Click to visualise
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Request Details

Load sample data (smaller data sets take less time - indicated time is for the psgp method):
IWeatherUndergrDund termperatures (438 obs, with error column, time 30s) j Load |

-5.38,50.22,12.55,0.98 i’
-5.05,50.42,11.78,2.26
4,22 ,50.40,12.65,1.01
~-4,07,50.33,11.39,1.93
—4,09,50.536,11.62,1.62
-4,03%,50.33,11.28,2.07
-3.80,50.24,11.44,2 .67
-4,35,50.81,11.88,2.10
-3.52,50.358,11.99,0.96
-2.56,49,47,11.35,4.09
~2.54,49,45,11.36,3 .49 hd|

Click to visualise

™ Perform basic outlier detection

W Enable Google Earth visualisation - requires ohservations EPSG code; |4HEE

WARNING: IMTAMAF does not currently support interpolation in latlon, howeverwhen Google Earth visualization is
enabled all observation coordinates are transformed to latflon. Lat'lon is then treated by INTAMAP 3z if they are
Euclidean coordinates. This implies a rather unusual covariance function iz being used, which we do not expect to be
optimal, particularly for data setswhich span large ranges in latitude (=30 degreas) ar are nearthe poales. The
wvisualization results should be used indicatively anly. Full results can be determined using the AP or WP S directhy.

Interpolation method: | psgp j Service location: | Aston j

Aston University
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interpolation results

Spatial prediction using the method psgp
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UncertML / visualisation example 1: Realisations

» 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)

''''''''' ‘Computer says maybe’ —Lucy Bastin & Dan Cornford



<o metmber -

<om: Chservation oml: id="00CHNFHOO2S ">
<om:samp lingTime /=

<om: procedure /> Sample area is a census polygon:
<om:ohservedProperty /> Its geometry is a GML polygon.

<om: featureffInterest>

<sarfawplingiurface:
<ga:sampledFeature X link:href="hocy://wvvw.ons. org. ulk/ Censusz001l/ Outputhreas, 00CHFHOO35 ">
<Sarareaxr
<gml:Polygons-
<gml:outerBoundarvyIs>
<omliLinearFing:-
|{gml:cnnrdinates}

</gml:LinearRing>
</gml:outerBoundaryIss>

ohamihodyaE RESULT of the observation lis a
</sa:sampledFeatures JointRandomVariable (just an example of
<fsa:SamplingSurface> the sort of object a user might use to
{fnm:featureﬂf-lnteresF} / convey units etC...)
<om:result xsiitype=Tiooz: Count >
|{rv:JnintRandDmvariahlE}l

</om:results>
</ om: Chaervation:
</ om:menber >
<0m: menber >
<or:Chservation oml: id="00CHFHOO49 >, ..« om: Oh3ervations>
</ om:menber:
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<om:result xsittype="iooz:Count >
<rwv:JointRandomWVariahle:>

<rvw:phenomenas-
<rwvi:Phenomenon definitiun="urn:http:ffen.wikipedia.DrgfwikifStaph?lucuccus_aureus"}

<!'=—— here, could use 3INOMED or an edquivalent open standard-—->
<!—— These could allow the specification of probe type, sSpeciffic resistance etoc.-—->
<rv:iuom Xlink:href="urn:http://en.wikipedia.org/wviki/Staphylococcus aureus"/>
<rwvidomainPointCount>1</rv:domainPointCount>

</ rv:Phenomenon>

<riwiPhenomenon definition=" urn:http:/ en.wikipedia.org/ viki/ MRS LM

<!== here, could use 3WNOMED or an equivalent open standard--
<rviuom xlink:href="http:/ en.vikipedia.org/viki/ MRIL™ >
<rwvidomainPointCount>1</rv:domainPointCount>

</ rv: Phenomenons .o e el
</rv:phenomenas Dictionary definitions
Lrwirepresentart ionx

<un:Realisations definition="http:/ /dictionary. uncertml . org/realisatcion’™

samplingMethod="http://dictionary.uncertml.org/sampling methods/stratifiedMonteCarla”

realisedFromwm="http://dictionary.uncertml.org/distributions/poisson™>
<un:nuberBeslisations>50</ un: nunberRealisations:
<un:elementCount>100</un:elementCount> HOW the Values were prOduced

<zwerencodings

<gwe: TextEBlock decimalleparator="." hlock3eparator=" " token3eparatoc=", "/ >

</ awe:encoding: .

come e lusss Order / Interleaving metadata
<!l—— 50 interleaved realisation=s for MEZALA £ 34 ——3>
o o010 202049 00020101111 001 01001 102010000
iio01o0303 00111303 110202z 000011 10081310001
40120002 2011104900001 501

</ sywevalues>

</un:Fealisations:> : : :
Realised frequencies for this polygon

</rv:representation>
</rvrJointRandomVariakble>
</om:results>



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...

: ndon aninatan

Animated sequences of
equally probable maps...

-

Probabilities of exceeding
a threshold
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Visualising uncertain pixel values
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Exploration of quantiles...
. Aguila, E. Pebesma
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UncertWeb

Able to support Uncertainty
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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.

Aston University
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» 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!

Aston University
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