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Spatial modelling

Pitfalls:

P, Spatial autocorrelation
MAUP
Ecological fallacy

\ Non-uniformity of space

y
\ Spatial data:

Points
L ocations
Lines
Tracks, Borders
Areas
Fields 3/23
Scalar f., Vector f.




Why spatial models?

* To explain patterns in spatial data
- (point) patterns: density, distances between

* To Include space in predictions

* To enable exploration and understanding of the
real world process

D. O'Sullivan and D. Unwin. Geogrpahic Information Analysis
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Types of spatial models

Statistical

Dynamic physics-based simulation models
Cellular automata

Agent-based models
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Oll risk management workflow

» Contingency planning

* What are the probable locations for accidents?

* How will the oll spread?
 Where are the values to protect?

 How to distribute the combating gear?
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Oll risk management workflow

* Operational planning

 What is the location of accident?
 How will the oil spread?
 Where are the values to protect?

 How to use the combating gear?
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Preparation

A. Jolma, A. Lehikoinen, I. Helle, R. Venesjarvi. 2014. A software system for
assessing the spatially distributed ecological risk posed by oil shipping.

/

Rasterization

A

Ecological data

Ecological
) valuation

Environmental Modelling and Software. 11/2014,; 61:1-11. DOI:
10.1016/j.envsoft.2014.06.023
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T .. 1] http://www.mapcruzin.com/free-gis-software/
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|.Helle, R.Venesjarvi. A.Jolma. Species and habitats in danger:
Modeling the relative risk posed by oil spills 10123
In the northern Baltic Sea (submitted)



Scenario 2015
Tanker dwt

Accident
type

Final amount
of oil in water

A.Lehikoinen, M. Hanninen, J.Storgard, E. Luoma, S. Mantyniemi, S. Kuikka. 2015
A Bayesian network for assessing the collision induced risk of an oil accident in the

Gulf of Finland. Environmental science & technology 03/2015; 1123



—» Location OQiltype Season Final  Probability
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b Tanker dwt
b Final amount of oil in water
P Leak size
b Accident type
= Scenario 2015
Baseline (2007-2008)
2015 Slow growth
2015 Average growth
2015 Strong growth
b Oil type
= Location
c1
c2
c3
c4
c5
I Season

Arvokartta: i value =

0.250
0.250
0.250
0.250

0.140
0.210
0.290
0.130
0.230

SAFGOF +

@nariu 2015

Accident
type

Leak size

| open || Execute || Close
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Information needs

Location of oll slick

Prediction of the oll movement

Shoreline sensitivity maps

Clean-up guidelines

Links between different type of data, information, and
knowledge

- spatial links, knowledge-based links
« Who needs the information
« Where is the information needed

A. Altartouri, E. Ehrnsten, I. Helle, R. Venesjarvi, A. Jolma. 2013.
Geospatial Web Services for Responding to Ecological Risks Posed by QOil Spills
Photogrammetric Engineering and Remote Sensing 10/2013; 79(10): 905-914. 14/23



Spatial information technology

Hardware, software, data develop fast
Mobile technology

Client — server

- data, geospatial data

- maps

Semantic technology

— automatic recognition of topics and concepts
- Information and meaning extraction

- categorization

15/23
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Geospatial Web Services for Responding to Ecological Risks Posed by Oil Spills 16/23
Photogrammetric Engineering and Remote Sensing 10/2013; 79(10): 905-914.
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OILRISK database

» Developed in several projects from several sources,
now an offline relational database
(PostgreSQL+PostGIS)

» Occurrences of species and habitats vulnerable to
maritime oil spills on the Finnish coast of GoF

* Protection values, Cleaning methods, Species data,
etc.

* Gridded data: 200 m x 200 m, 1 km x 1 km
* Index computation code

T.lhaksi, T.Kokkonen, I.Helle, A.Jolma, T.Lecklin, S.Kuikka. 2011. Combining conservation value,
vulnerability, and effectiveness of mitigation actions in spatial conservation decisions: 18/23
an application to coastal oil spill combating. Environmental Management 03/2011; 47(5):802-13.



Desktop applications
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Web pages and applications
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IBAM DSS

IBAM DSS is a research result developed in the WP4 of the IBAM project.

Models

Models can be system descriptions, causal models, influence diagrams etc. Only formally correct
Bayesian networks can be compiled and run for analysis. Models are organized into collections
of models.

This DSS uses Hugin Researcher Bayesian technology on the server side(*).

Collection Models in the collection

[ Download | Model: pss

DSS

FISH SYST ver HER 13
IBAM Sep2011 | Download | Model: | General_mo
IBAM combinedU 23042012 Dc
SAFGOF user interface

2| oisplay |

| Download | Model: | FISH_SYST_ver HER 13 2 || Display |

reas < | Display |

nload | Model: | Combined_perus ¢

[ Download | Model: [ SAFGOF_user_interface ¢ || Display |

aps | Download | Model: | Fishery governance & || Display |
self [ Download | Model: [selr = |[ pisplay |
test ] =EP,if‘V, |

(*) The licence states: "Research projects performed by academics for commercial companies or
governmental organisations, requires a Hugin Developer license. For deployment/distribution of
applications an OEM-license is required."” To comply with the licence this DSS must be treated
ONLY as a proof of concept originating from academic research. Results obtained with the
Bayesian technology embedded in this tool MUST NOT be considered as any kind of advice from
the part of the developers. For any other uses please contact the developers.

Glossary

These terms are used in the descriptions of the Bayesian
models or they clarify how those models/this DSS have

‘been developed.
Term
Bayesian risk
analysis
DSS

Environmental
ma. t

Description

Environmental management involves
establishing institutions (laws for
example), setting up programs, use of
Tesources, control, resolving of
disputes, and other such activites.

Gulf of Finland

HELCOM

Environmental is always
carried out by several bodies of the
government, by non-governmental
organisations, and even by individuals.
Gulf of Finland (GoF) is one of the three
gulfs in the Baltic Sea (the two others
are Gulf of Bothnia and Gulf of Riga).
The Wikipedia page gives an overview
of the gulf. The BalticSeaWeb contains
also general information about GoF.
The Baltic Sea Alien Species Database
lists several alien species in GoF.
HELCOM is a governing body
responsible for intergovernmental
co-operation in the area of protecting

IBAM DSS Main page Compile

Decision node 'Year'

Model 'oil' of 'IBAM combinedU 23042012

[Description:

| Edit description

Instantiated in Combined perus as Accident

Maritime
traffic
scenario

Preventive
oil spill tools

[ || chance ¢
| Cleads to leakage < || Delete node |

Tanker
in oil-load

_2)[ Add anode |

G leads to
leakage

IBAM DSS

IBAM DSS is a research result developed in the WP4 of the IBAM project.

Models

Glossary

Models can be system descriptions, causal models, influence diagrams etc. Only formally correct These terms are used in the descriptions of the Bayesian
models or they clarify how those models/this DSS have

Bayesian networks can be compiled and run for analysis. Models are organized into collections
of models.

This DSS uses Hugin Researcher Bayesian technology on the server side(*).

Collection Models in the collection
| Model: | Dss

| Model: [ FISH_SYST_ver_HER 13 ¢ || Display |

DSS

FISH SYST ver HER 13
IBAM Sep2011 | Delete | Download
IBAM combinedU 23042012 Delete | Download

SAFGOF user interface | Download

| pelete | Download < | Display |

| Delete || Download

| Model: | General_model_2011_areas < | Display |

| Model: | combined_perus 2 | Display |
| Model:

| SAFGOF _user_interface | || Display |

aps | Delete || Download | Model: | Fishery governance ¢ | Display |
self [ Delete |[ Download | Model: [self| ¢ | Display |
test | Delete || Download | Model: [ test 2 | pisplay |

Upload a model

Oobn files and collections of oebn files zipped together are recognized.
| Browse... |

| Upload |

Create a model

T create

been developed.
Term

Bayesian risk
analysis
DSS

Environmental
management

Gulf of Finland

HELCOM

Description

Environmental management involves
establishing institutions (laws for
example), setting up programs, use of
resources, control, resolving of
disputes, and other such activites.
Environmental management is always
carried out by several bodies of the
government, by non-governmental
organisations, and even by individuals.

Gulf of Finland (GoF) is one of the three
qulfs in the Baltic Sea (the two others
are Gulf of Bothnia and Gulf of Riga).
The Wikipedia page gives an overview
of the gulf. The BalticSeaWeb contains
also general information about GoF.
The Baltic Sea Alien Species Database
lists several alien species in GoF.
HELCOM is a governing body
responsible for intergovernmental
co-operation in the area of protecting
the marine environment of the Baltic
Sea, thus also the GoF.

IBAM DSS Main page Do
not compile

Decision node 'Year
for maritime traffic'

One can choose to study

either present (year 2008)
maritime traffic or future
traffic (year 2015).

State Probability
Present T
(2008 e
Future (2015 0.50 | Set |

| Reset |
Links:

to Maritime traffic scenario:

Aras |

Utility node 'H'
Utility is 3.12366127967834
Links:

from Herring:

Model 'Combined perus' of 'IBAM_combinedU_23042012'

A.Jolma, A.Altartouri, I. Ferencik. 2012. Distributed Environmental Modeling. In: R. Seppelt, A.A. Voinov,
S. Lange, D. Bankamp (Eds.) (2012): International Environmental Modelling and Software Society
(IEMSs) 2012 International Congress on Environmental Modelling and Software.
Managing Resources of a Limited Planet: Pathways and Visions under Uncertainty, Sixth Biennial Meeting,

Leipzig, Germany. http://www.iemss.org/society/index.php/iemss-2012-proceedings. ISBN: 978-88-9035-742-8
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Web services

Client + server

- Client = desktop application, web application/page,
another server, ...

Spatial data services well established
- Web Map/Feature/Coverage

O&M services exist and used
Semantic data services
Ad hoc services

22/23



Conclusions

» Spatial data essential for oil risk management

* Workflows complex and need multiple types of
data

 Distributed systems have potential to make
effective collaboration including modeling
possible

« Data and model sharing institutions are
developing but there are hurdles
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