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0) Some elements and features
of risk in the Baltic Sea
vessel traffic




Oiltransportationin the Gulf of Finland
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Ollleaksfrom vessels

A Inyear2013 130casesdecreased
In recentyears Py =

) Russia
@ <100 liters (104)
® 0,1-1m3(17)
>1-10 m3 (2)
Total number of observations: 130

Total number of flight hours and observed oil spills in the
HELCOM area during aerial surveillance, 1988-2012
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Accidents

Number of reported accidents in the Baltic Sea
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HELCOM

Accidents involving tankers
in the Baltic Sea in 2004-2012
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Total number oftanker accidents: 170
Data by: DE, DK, EE, FI, LT, LV, PL,RU, SE
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Sakkewasthere aswell: oceanhas
valuablefaces

SipadanBorneo Malyesig April 2015



Risk

(feeling of
It) ¢ Usualquestion
& Is thelikely

Dependson & benefit
frl]ouv(\;h you more worthy
Know, how than the very
muchyou can unlikely bigloss ?
control
It and how
you learn
learn

from control
actions




Countrieshavedifferent typesof coastallinesand

usualwind directionsmake a difference

=>Riskattitudes for accidentsare different
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Social theories of risk

A Douglas: Purity and Danger

A Beck and Giddens: Risk society

A Social psychology of risk: Identitieseon "
perceptions, cultural cognition



Risk and culture

Why culture Is important in studying risk

GLYRAOGARdzZIfa R2 y20 OGNB |
especially about big political issues. When faced witl
estimating probability and crediblility, they come

already primed with culturally learned assumptions
FYR ¢6SAIKGAYyTaéEg 652daaAf I ¢

There are also personal preferences for risks that differ
between individuals and which are affected by
background cultural values.




| Published papers of FEM group on
oll spill risk analyses (and Bayesian
approach)




Klemola, E., Kuronen, Xalli, J., Arola, T., Hanninen, M., Lehikoinen, A., Kuikka, S., Kujala, F
and Tapaninen, U. 2009 crossdisciplinary approach taninimisingthe risks of maritime
transport in the Gulf of Finland. World Review of Intermodal Transportation Research 2(4): .
363.

Kokkonen, T.Jhaksi T.,Jolma A. and Kuikka, S. 201Dynamic mapping of nature values to
support prioritization of coastal oil combating. Environmenhbdelling& Software, 25 (2010)
2487257

Helle, 1., Lecklin, T., Jolma, A. & Kuikka S. 2011Modeling the effectiveness of oil
combating from an ecological perspective A Bayesian network for the Gulf of Finland; the
Baltic Sea.Journal ofHazardousMaterials 185(1):182192.

Lecklin, T., Rydma, R. andKuikka, S. 2011 A Bayesian network for analyzing biological
acute and longterm impacts of an oil spill in the Gulf of Finland. Marine Pollution Bulletin
62 (2011) 2822835.



Ihaksi,T., Kokkonen, T., Helle, 1Joima A.,Lecklin T. and Kuikka$S. 2011. Combining
conservation value, vulnerability, and effectiveness of mitigation actions in spatial
conservation decisions: an application to coastal oil spill combating. Environmental
Management. 47: 80813

Lehikoinen, A., Luoma, E., Mantyniemi, S. andKuikka, S. (2013) Optimizing the
Recovery Efficiency of Finnish Oil Combating Vessels in the Gulf of Finland Using
Bayesian Networks.Environmental Science and Technolog¥7(4):17921799[Link]

Jolma A., Lehikoinen, A., Helle, I. afE&nesjarvi R. (2014)A software system for
assessingthe spatially distributed ecologicalrisk posedby oil shipping. Environmental
Modelling& Software 61:211.[Link]

Lehikoinen,A, Hanninen, MJenniStorgard, EmiliaLuoma, SamuMantyniemi& Sakari
Kuikka. (2015A Bayesian network for assessing the collision induced risk of an oll
accident in the Gulf ofFinland. Environmental Science amdchnology3 83( 492 /,402 / 8


http://pubs.acs.org/doi/abs/10.1021/es303634f
http://www.sciencedirect.com/science/article/pii/S1364815214001960

HaapasaariP., Helle ., Lehikoinen A., Lappalainend., and Kuikka S. (2015). A
proactive approach for maritime safety policy making for the Gulf of Finland: seeking
best practices.Marine Policy 60:107118.[Link]

Helle, I., Ahtiainen, H., Luoma, E.,Hanninen, M. and Kuikka, S. (2015). A probabilistic
approach for a costbenefit analysis of oil spill management under uncertainty: A
Bayesian network model for the Gulf of FinlandJournal of Environmental
Management 158:122132

Lehikoinen A.,Hanninen M., Storgard J.,Luoma, E.,Méantyniemi, S. and Kuikka, S.
(2015) A Bayesian network for assessing the collision induced risk of an oil accident in
the Gulf of Finland Environmental Science and Techno)a@§(9):530456309

Helle I.,Jolma A.,Venesjarvj R.(2016) Species and habitats in danger: Estimating the
relative risk posed by oil spills in the northern Baltic Sed&cospheré&(5).e01344


http://www.sciencedirect.com/science/article/pii/S0308597X15001621

l. Why Bayesiannferencewith Al
tools?

A Bayesiametworks/Bayesiatvelief
networks/Bayesiamfluencediagrams

A Focusingn decisionanalysisand




DPSIR = > framework for decision analysis

Responses
- 7% ~

Pressures

FEM group, University of Helsinki 2017 23



Probability

Prob. Density
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Typesof uncertainties

Modified from Rowe (1994) & Francis aBdotton(1997):

1) temporal uncertainty(uncertainty in future and past statear(d their
relationshipg, somewhat poorly covereoh Europe

2) structural uncertainty(process or model selection uncertaintgt well
covered

3) metrical uncertainty(uncertainty in observationsyell covered,

4) translational uncertainty(uncertainty in explaining uncertain results,
poorly covered)

5) implementation uncertainty(e.g. how well actual catches match witt
TACguite well coveredl

6) institutional uncertainty (e.g., uncertainty due to lack of social capit:
(ways to handle this type of problems) in stakeholder organisatior
cope with management issugsQorly covereql.




Importanceof uncertainty. probabillity to be, or to go, above
a critical threshold (somethingto avoid)?

0.04
0.03 - B
=
5
g 0.02 -
g critical value
(e.g. dioxin)
0.01 -
0]

0] 20 40 60 80 100 120 140 160 180 200
value of interest variable

Y Probabilistic calculus may be needed tor
a correct decision



Modeling ofoil spills: impacts that
cannot be seen or measured

We do not want to seethe data
providingoveralldamage
estimates

Evenin astudiedaccident we
neverseeall impacts eventhough
we shouldbe awareof them

Formodelswe needall knowledge
from field surveysexperts
publications laboratory
experiments closebycases




Bayes rule
P (alb) P (b)

a. data, observations, etc.
b: probability of parameter value, or hypothesis

Note:all argumentation is based on probability

distributions, not on single values!



Bayes rule: probabilistic dependencies

— Real number
of fish (B)
Classical:
P (AlB
(AIB) S s Observations
o ' L (data), A
= Real number
; i of fish (B)
Bayes:
P (BI|A)
— Observations

We are not interested about any possibleother data setsgiventhe datawe have
Why calculatep of classitalhypothesistests, then?



probability
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Impactof randomnesson impacts

M/T AmocoCadiz M/T ExxorVValdez
March1978 March1989
Bretagne VS. Alaska
230000t 37 000 t
20 000deadbirds 250000deadbirds

_ Unknownvessel
Februaryl976
Gotlanti

10t

60 000deadbirds




POLICIES
= Strategy

PRACTICAL
TOOLS
= Tactics

HUMAN
RESPONSE =
Implementation
uncertainty

ECOSYSTEM
RESPONSE




Description of knowledge In
a BN model

State of nature
1000 1500 2000

500 0.2
Measure- 1000 0.6 0.2
ment / study 1500 0.2 0.6 0.2
2000 0.2 0.6
2500 0.2
State of » Measurement

<

[Satisfaction

Action




Example: graphical description of a Bayes net
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Bayesian nets in Ala simple WFD
example for GoF

High| Good | Moderate | Poar
3,3 19,1 | 58,6 | 19,1

PTOT

HTOT High| Good | Moderate Fernandez et al’

35,1(43,0 | 21,9 2012, Env. Sci &
Tech.

PTOT Lu_MTOT | High | Good | Moderate
High | 94,9] 2,6 2,5
High iFood 33,3 33,3 33,3
Moderate | 33,3 | 33,3 33,3
High 0,5 | 93,9 0,6
Good Good 2,6 | 94,9 2,5
Moderate | 2,5 | 2,6 a4,9
High | 0,5 | 99,0 o5
Maoderate | Good 0,2 | 71,2 | 28,6
Moderate | 1,3 | 97,3 1,3
High | 26 | 94,9] 25
Poor Good 26 | 2,5 a4,9
Maoderate | 0,5 | 0,6 23,9

CHLA | Good | High | Moderate
Secchi 6 High [833) 83| 8,3

Good | 794 12,5 8,3
Moderate | 62,7 | 1,0 | 36,3




Bayesiametworks

Concentration| Prob.
of X
‘ 0 0.73
Concentration - 015
of X ,
Medium 0.09
High 0.03
Malformations in fish | Concentration of X
larvae 0 Low | Medium| High
Malformations No malformations 0.95 0.30 0.05 0
in fish larvae Low prevalence 0.05 0.50 0.10 | 0.02
Moderate prevalence 0 0.15 0.55 0.18
High prevalence 0 0.05 0.30 0.80
No observations Observation on X Observation on fish larvae
Concentration of X Concentration of X Concentration of X
gz.00 0 0.00 0 [ ] 30,14 0
O 15.00 Low 0,00 Low N 61,93 Low
O 9,00 Medium e Medium 0 7.43 Medium
I 3.00 High 0.00 High 0.50 High
Malformations in fish larvae Malformations in fish larvae Malformations in fish larvae
(4,30 No malformations 0 5.00 No malformations 0,00 No malformations
0 12,11 Low prevalence 0 10,00 Low prevalence 00NN Low prevalence
0 7.74 Moderate prevalence N 55,00 Moderate prevalence 0.00 Moderate prevalence
I 5.85 High prevalence ] 30.00 High prevalence 0.00 High prevalence
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Mesh size |

Landing size L, Littoral

Effort habitats Pelagic

F  |norestr] E=100| E=50 | E=20 Population habitats
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0.2 0 0.2 0.3 0.3
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Paper 3

Sea area
of catch

Dioxin
dynamics

Impacts of Other dioxin
industrial pract policy tools

Diox. cont.
in environ.

Living
area of cons.

Food intake
of herring

Dioxin in her.
on market

Dioxin in
herring at age

Paper 2

Dioxin from
other sources

Natwral e
mortality — _/ _ el
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composition o

Impact of
diox. on health
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Impacts
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health

Fishing Herring

mortality /. consumption
.................. 15 .
Paper 4 ov Toxity of
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9 Demand of Age and sex response) Uncertainties|
of experiments
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highly uncertain
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Fishing tax

Grear costs
=l

Prioridentificationof causalstrenghtsand policies

Crear regulation
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Uncompleteinformation

Reality in the stock



A dynamic Bayesian model: learning
over time the production parameters




Observed
studies

Distribution of
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studies

Density
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Ill Pastprojectoutcomes




Projects

Ongoing projects:
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Making biodiversity data as
an operationaltool for
firemen

Kokkonen, Tlhaksj T.,Joima A. and Kuikka, S. 20IDynamic
mapping of nature values to support prioritization of coastal oil

combating. Environmentallodelling& Software, 25 (2010) 24257.
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Map application

e FHBIXER O

(=7 Base Layer
=] OpenStreetiap
=7 Google Physical
=€ Google Satelite
=] Google Hybrid
=] Google Streets
=) Overlays
IV Index
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MIMICBalticSeaQil SpillConference /
RiikkaVenesjarvi Oil spillriskin the
12.4.2017 BalticSea 49



Speciesind habitat data

Speciesaand habitats

A Locations

A Conservatiorvalue
iIndex (VAL)

' g

L! / Red[€A a 0 ¢:0
CR¢ CriticallyEndangered
EN¢ Endangered

VUc¢ Vulnerable

+ statusas Directive
species/habitat

Jolma A., Lehikoinen, A., Helle, I. and
VenesjarviR. (2014)A softwaresystem
for assessinghe spatially distributed
ecologicalrisk posedby oil shipping
EnvironmentaModelling& Software
61:1-11.[Link]



http://www.sciencedirect.com/science/article/pii/S1364815214001960

SpiliIModoil maps
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A 3oil types
A 6 spillsizes
A 3 seasons
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Gulf of Finland anaill

‘ci"““: ey \
” —
.' V
JJ! ﬁ’ ‘l"
£ { - e
£ 4,4
A ‘ Kotka u}{‘h
”:m .M' > "\I‘t
. o * S
: X o ab‘... " "":" ‘\_ _'_—
Helsinki e “o? e '.‘__—, N
Kirkkonummi v pung’ ) * e
B S8l * | )
) ... - |"‘ 7
w ..Cs A
* .
2% %a \ *e
‘O“ (2\1.» t-‘-?u?h‘“v\‘ ~_._0_
c‘ﬁ G’r\J&J
g N
) ol
o c\ s
% 0 50 100 km
;"\_Lf*‘\ﬁ ! L 1 2 '

Lehikoinen el 2013.Env Sci Techn DOI: 10.1021/es303634f




Costbenefit model of oil spill risk management

Accident-specific factors:
Accident type, tanker size, oil type, Purchase
weather conditions etc. cost

¥

Offshore
recovery
costs

New Offshore Waste Automatic
combating combating and treatment alarm
vessel ecovered oj costs system

Environm.
damage

Yearly number
of accidents

Stranded oil

Shoreline
clean-up
costs

Shoreline
cleanup and
oily waste

Waste
treatment
costs

Helle etal 2016.



Resultsexpectedbenefits¢ expectedcosts(/yeal)

Helle etal 2016.

Decision Autom. Alarm syst. New combatting vessel
State of the other option No No
Costs/Benefit CE€) B €) CE) B €)
Developing alarm system  -33 234

Investment cost of vessel -2 720 000

Running costs of vessel -264 226

Open sea combatting 1471 -28 837

Waste treatment (open sea 389 -1 507

Shoreline clean up 5306 11575
Waste treatment(avomer) 6 750 35 706
Environmental damage 230 000 / \ 1 250 000
Sum -33234 243916 -3014571 1297280

NBV (net benefit) 210 682 -1717 290



: ol recovery
max tanker size :
capacity
Dataonly
tanker type of OAgent modelo ,
! capacity accident Lehikoinen et al
stop leaking ,, _ ecovery deployment
\,'4"5
ol amount .
in water " AN helght Physical/
'4‘ , theoretical
~
luted | models

selected groups of
macrophytes

selected groups of |
macrofauna

Expext
judgements

all groups
fully reco

studied
vered

selected groups |

selected groups

selected groups
of mammeals

of fish of birds

oA\

atleast one of the groups
studied disturbed

~dl groups studied
disturbed

Lecklin, T., Rytma, R. and Kuikka, S. 2011. A Bayesian network for analyzing biological acute
and long-term impacts of an oil spill in the Gulf of Finland. Marine Pollution Bulletin 62 (2011)
2822-2835.



V. Final(ly conclusionsimproving
learningin science
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Country collaboration map
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Oil spill research by city

Click this zoomable Google map:
http://www.gpsvisualizer.com/display/data/13593603&5398130.239.157.157.html
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http://www.gpsvisualizer.com/display/data/1359360387-25398-130.239.157.157.html
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