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How would you like to be remembered?
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R-spatial
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Outline

Raising awareness of Spatial Data Quality

Two recent use cases

Error propagation in practice: UncertWeb

Data Models
Tools: UTS, UPS, WPS4R, ...
Visualisation

The future I: bottom-up

The future II: top-down
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K, groundwater, 5-17 m depth

concentration: g/m3

upper boundary of confidence interval

lower boundary of confidence interval

   0 -    5
   5 -   10
  10 -   20
  20 -   40
  >   40



Raising awareness Use cases UncertWeb Future I Future II

K, groundwater, 5-17 m depth

level: 10 g/m3

lower
not distinguishable
higher
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Same idea, but interactive
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Two recent use cases
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Why can’t this be simple?

We should not underestimate the problem (dimensionality,
inference) of the multivariate distributions we deal with.

What can we do:

wrap existing models in MC loops

change to statistical models, hierarchical models

compute with random variable primitives
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The model web

The Model Web (GEOSS AR-09-02.d task) has the goal to develop
a dynamic modelling infrastructure (Model Web) [...] composed of
loosely coupled models that interact via Web services, and are
independently developed, managed, and operated.

18 / 48
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The model web – II

The principle is that models are exposed on the Web and can be
discovered, combined into complex workflows and executed over a
distributed architecture.

Such a system provides tremendous
opportunities to enhance scientific modelling by:

improving the integration of different models to address
practical questions;

increasing the reproducibility and transparency of research by
providing clear and repeatable provenance information for
modelling outputs;

allowing more flexible deployment, for example in cloud
architectures;

facilitating the discovery and reuse of model components and
code.

sensor web ⊂ model web
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Error propagation in practice: UncertWeb

UncertWeb: the uncertainty-enabled model web

UncertWeb will uncertainty-enable the Model Web

Problem: the Model Web is still a vision:

its components (open, interoperable data and model services)
do not yet exist (OGC? W3C?)
interoperable standards typically try to solve everything,
making full support difficult (profiling).

four case studies: biodiversity, land use change, air quality,
human activity

integration of 3+4

data models: O&M-U, netCDF-U, UncertML

orchestration, brokerage, mediation: CaaS (CNR)

tools: elicitator, aggregator, UTS, UPS, visualizer

20 / 48
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case: biodiversity
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case: land use change
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case: air quality
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case: human activity
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case: integrate air quality with human activity
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Data models: UncertML
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Data models: UncertML.org
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Data models: O&M-U (UncertML)
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Data models: NetCDF-U (UncertML)
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Tools: elicitator

web-based expert elicitation tools to infer uncertainties from
experts:

univariate, combining different experts (Ast, Williams)

spatially correlated variables (variogram elicitator,
Heuvelink/Trong)

30 / 48
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Tools: spatio-temporal aggregation service (STAS)
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Tools: spatio-temporal aggregation service (STAS)
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Tools: Uncertainty Proxy Service (UPS)
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Tools: Uncertainty Transformation Service (UTS)
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Tools: Visualizer
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Tools: Visualizer

(usability study helped prioritizing implementation of methods)
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WPS4R, R

In the background, we have WPS4R, which

lets you upload an annotated R script

exposes itself as a web processing service

allows for re-use of all R functions

(has no fancy graphics!)

37 / 48
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But we already have ...

Modelling frameworks:

Kepler, Taverna, Trident, Vis Trails, SME, ESMF, MCT, Delta
Shell, OpenMI, FRAMES, Fluid Earth, TIME, Tarsier...

Uncertainty frameworks:

PEST (Parameter EStimation Toolkit), UCODE, OSTRICH,
UNCSAM, Crystal Ball, @RISK, GENIE-1, SME (Spatial Modelling
Environment), FRAMES Sensitivity/ Uncertainty module, TIME,
SoftIAM, WADES, UNCSIM, DUE (Data Uncertainty Engine)...

yes, and we need to integrate them, and seek convergence.
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The future, I: bottom-up, holistic

Idea:

1 extend computing primitives (double, integer) with random
variables

2 rewrite existing code using the new primitives

R package (family) distr1 provides an object-oriented
implementation of distributions. From ?distr:

distr provides a conceptual treatment of distributions
by means of S4 classes. A mother class Distribution is
introduced with slots for a parameter and -most
important- for the four constitutive methods r, d, p, and
q for simulation [r] respectively for evaluation of density
[d], cumulative distribution [p], and quantile function [q]
of the corresponding distribution.

1Ruckdeschel, P., Kohl, M., Stabla, T., and Camphausen, F. (2006) S4
Classes for Distributions. R News, 6 (2), pp 2–6.

39 / 48



distr

> library(distr)

> X = Norm(mean = 5, sd = 2)

> plot(X)

> d(X)(3.5) # density

[1] 0.1505687

> p(X)(3.5) # cumul. distr.

[1] 0.2266274

> q(X)(0.975) # quantile

[1] 8.919928

> r(X)(10) # simulate

[1] 2.6402780 0.5049697

[3] 3.6988388 4.6612276

[5] 7.1345645 3.9098073

[7] 6.8112369 10.4476685

[9] 5.8216843 4.2276650
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distr – allows complicated expressions!

> X = Norm(3, 0.1)

> Y = Lnorm(3, 0.5)

> Z = Exp(2)

> P = X + sin(exp(-Y)) - 3 * Z

> plot(P)

> r(P)(5)

[1] 2.802517 2.542141 2.150656

[4] 2.822520 2.329171

−8 −6 −4 −2 0 2 4

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

x

d(
x)

Density of AbscontDistribution

−8 −6 −4 −2 0 2 4

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

q

p(
q)

CDF of AbscontDistribution

0.0 0.2 0.4 0.6 0.8 1.0

−
8

−
6

−
4

−
2

0
2

p

q(
p)

Quantile function of AbscontDistribution



distr – allows discrete distributions!

> DD <- DiscreteDistribution

> D2 <- DD(supp = c(1:5), prob = c(0.1,

+ 0.2, 0.3, 0.2, 0.2))

> d(D2)(1:5)

[1] 0.1 0.2 0.3 0.2 0.2

> p(D2)(1:5)

[1] 0.1 0.3 0.6 0.8 1.0

> plot(D2)

> r(P)(5)

[1] 0.7623937 2.4667492 2.4929994

[4] 1.3507760 0.9622070
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distr – allows mixing discrete and continuous!

> Z = D2 * Norm(3, 0.5)

> plot(Z)

> r(Z)(10)

[1] 13.452018 2.764986 11.608150

[4] 11.088187 3.647741 14.395616

[7] 6.291692 13.770640 18.773374

[10] 6.578087
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Can distr solve the model web?

should we recompile the models?

how do we parameterize all the RVs?

how to deal with multivariate distributions? (e.g. correlations
in space, time or space-time)

44 / 48
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The future, II: top-down, holistic

model web = sensor web + models + tools

the future: holistic computing (MC samples, S/T resolution,
functional data; asynchronous, start-stop, updating of
uncertainty sources)

complexity = f (ntime, npixels, nattr, nMC), possibly

O(ntime × npixels × nattr × nMC)

optimize computations over [S/T resolution, attribute space,
model complexity, probability space], by

selection/aggregation, redundancy analysis, emulation, smart
MC sampling

45 / 48
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Wrapping up – conclusions

we ought to use R,

the model web is there to come, and we’ll uncertainty-enable
it before it arrives,

my future visions are holistic, probably bottom-up and
top-down,

spatial data quality is not only booming, it’s also fun!
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Thanks!

Credits go to:

UncertWeb team: Lucy Bastin, Dan Cornford, Gregoire Dubois,
Gerard Heuvelink, Richard Jones, Paolo Mazzetti, Stefano Nativi,
Jon Skøien, Matt Williams, ...

ifgi: Merret Buurman, Lydia Gerharz, Kristina Helle, Matthias
Hinz, Daniel Nüst, Benjamin Proß, Hansi Senaratne, Christoph
Stasch, ...
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