Risk-Based Scenario Analysis and Construction
Using Bayesian Networks
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Coming attractions

Short Qutline

The Natural Resource Management landscape
* Decisions to be made-using risk as a metric
e A short background on Bayesian networks

* The use of Bayesian networks to make decisions and to interact
with stakeholders

* (Questions



Broad management mandate

Scale of Responsibilities

* Manages 75 percent of the lands in the United States with the US
Forest Service of USDA most of the remainder.

e US Park Service

e Science Agencies-US Fish and Wildlife Service, US Geological
Survey

* Manages Natural Resources and resource extraction.

* Interactions with US Tribes



Multiple stakeholders

Broad range of stakeholders in the use of public lands
* Tribes and States

* Mining and Energy interests

* Environmental Protection of land and sea interests

* Other Federal/State/Local land management and environmental
protection agencies

Never any controversy.......



Critical Resources

Wide Range of Consequences...

Energy resources from Alaska are refined in
Washington along the Puget Sound. Jobs
are created, taxes paid, and product is
shipped across the country. Who would
have thought Washington as an Energy
extraction dependent economy.

Pier for BP oil refinery, Cherry Point near
Ferndale Washington-Crude from Alaska




Decisions to be made.

How to make decisions regarding the use of natural resources and the
consequences of the activities?

We use Bayesian networks to calculate risks, evaluate alternatives, and to
adaptively manage the resources.

Bayesian networks have been applied by the US Forest Service to
management a variety of resources since the mid 2000s. (B. Marcot et al

papers).

The tool is extensively used in economics, medicine and by the Tech industry
to predict and classify data to facilitate decision making.



The question boils down to...should | take my umbrella
to work today.

Weather

norain 28.0
rain 72.0

/

Forecast
sunny of
cloudy 0
rainy 100

'

Decide Umbrella

Y
take it 56.0000 — Satisfaction
leave at home 28.0000 >

https://www.norsys.com/netlibrary/index.htm



The question boils down to...should | take my umbrella
to work today.

Weather

norain 91.6
rain 8.41

/

Forecast
sunny 100
cloudy 0
rainy 0

'

Decide Umbrella

\ 4
take it 24.2056 *>< Satisfaction
leave at home  91.5887 >

https://www.norsys.com/netlibrary/index.htm



The question boils down to...should | take my umbrella

to work today.
-

u Netica - [Satisfaction Table (in Bayes net Umbrella) ]
Here is a table of the satisfaction of
. AN Eile Edit Table Window Help
the owner depending on the AT TR I O
scenario.
Node: Satisfaction v| Apply OK
Or if you live in the Northwest you Determini_v| Function | Reset  Close
never take the umbrella and just : —
f N b M h Weather Decide Umbrella Satisfaction
gear up from November until March. R =
no rain leave at home 100
. . rain take it 70
Note that the table is easily accessed rain leave at home :
by double clicking on the model

node.

https://www.norsys.com/netlibrary/index.htm



The question boils down to...should | take my umbrella
to work today.
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A very simple model-but illustrates the point.

Stream area and
type
Chinook fishable

Land use & <":| Decision node
development

Utility node

11



A short background on Bayesian networks

Directed Acyclic graph-left
to right-some draw them

vertical.
O

Bayesian networks (BN) are directed acyclic graphs



Bayesian Networks (BNs)-even shorter

introduction-

Parent Nodes

Effect 1 —
Impact

Effect 2 7 Child Node

The result in the child
node is determined
by a conditional

probability table
(CPT).



Bayesian network calculations

, < Note the Distributions!

/Hg in Trou l
zefo 3 p———
lo 370 | i i T\
med of i i & River diy{ryexposure\
hi O ENE zero S
\Q074+038 / low .
med .
Hg iry‘lﬁther fish high 64. 13
zero/ 0.70 | \
low 26.6
me 38.0
high 34.7 jmm
\4.13:16

In risk assessment the lines of
influence represent cause-effect
pathways.

We use the Netica software
https://www.norsys.com/download.html



The Conditional Probability Table (CPT) is

the probability calculator

Hg in Trout
zero  96.3 p——
low 370 i | |
med O i |
high 0] ¢ ¢ ¢
0.074 £ 0.38

Hg in all other fish

zero 070 |
low  26.6 jmm
med  38.0 jmm
high 34.7 jmm

413+1.6

Parent Nodes

Lines of influence

Rivel dietary exposure
zero 315 mm |
low 57.0 |m—
med 964 m i |
high 187 | | |
164+1.3

Conditional probability
table describes dietary
exposure

SA

Child Node

Hg in all other fish Hg in Trout zero low med high
zero zero 100 0 0 0
zero low 30 50 20 0
zero med 5 15 75 5
zero high 0 0 10 90
low zero 50 50 1] 0
low low 20 60 20 0
low med 0 15 80 5
low high 0 0 10 90
med zero 25 60 15 0
med low 10 60 25 5
med med 1] 10 80 10
med high 0 10 90
high zero 25 0 10 5
high low 10 &0 20 10
high med ] 80 20
high high 0 0 0 100




Another directed acyclic graph

Relative risk model cause-effect framework

Source — Stressor — Habitat — Effect — Impact



A risk assessment-first a definition

Technical definition: The probability of an effect on one or more
specific endpoints due to a specific stressor or stressors.

In other words, risk reflects how often a specific change or
changes in the environment will affect something of value to
society, such as human health, outdoor recreation, or the
survival of an endangered species.




Here is our example...Landis et al 2020

C h i n OO k Sa I m O n i n fO u r Integrated Environmental Assessment and Management — Volume 00, Number 00—pp. 1-15
Wate rsheds in Washi ngton State Received: 20 July 2018 I Retumed for Revision: 2 October 2018 | Accepted: 19 July 2019 1

Health & Ecological Risk Assessment

Organophosphate as the pesticide  |ntegration of Chlorpyrifos Acetylcholinesterase Inhibition, Water

chlorpyrifos Temperature, and Dissolved Oxygen Concentrationinto a Regional
Scale Multiple Stressor Risk Assessment Estimating Risk to Chinook
Salmon

Water quality (DO and Temp) as Wayne G Landis,*+ Valerie R Chu, Scarlett E Graham,? Meagan J Harris, # April J Markiewicz,
Chelsea J Mitchell, } Katherine E von Stackelberg,§ and John D Stark}

a d d iti O n a I St rESSO r finstitute of Environmental Toxicology, Huxley College of the Environment, Western Washington University, Bellingham,

Washington, USA
JPuyallup Research and Extension Center, Washington State University, Puyallup, Washington, USA
§Center for Health and the Global Environment, Harvard University, TH Chan School of Public Health, Boston, Massachusetts, USA

Population model used to
estimate populations to year 50.



The simple
diagram is
turned into a
conceptual
model.....

Sources H Stressors ’—V

Habltat/ H Effects
Location

’—V Impacts
Habitat/
Source Stressors Location Effects Impacts
- ot |
. inook habitat Integrated
Skagit River concentration | | J—( Toxicological
distribution - Effects / \
Juvenile
Chlorpyrifos M Survival
Distribution
DO Effects 1.5.10,20,50
Adult
|4 Survival
Winter
N
\ Measured E Egg to
Water mergence

Temperature

Effects



.....which is then turned into a Bayesian network

] Organophosphate

= River and Season -

Juvenile % juction in survival Your 3 o
Hons 28 o Year 5 0
20 155 Year 10 0
& ] Year20 100
% 18.6 jmm Year50 0
30232 20
v A
; p \
‘\
// \
\
\ /
\
Chinook Pop. size
Oto 1e5 511 p—
16510 565 16.0
5e510 1e6 1MZm
166 to 5e6 185 mm
56510167 263
1671071763168 064
3240000 < 3367
///
P o
P .
s Chinook salmon
. .
y population size
105232 B . e I
: =8
Water Quality = -
182=19

Goal is 500,000

or more




.....which is then turned into a Bayesian network

-
Pesticide pathway TR
50t0 75 152231

7510 100

Chiorpyrifos concentration (ug/l) 1000 125

0t00.015 0 1251020181 6. Change in swimming rate (% control)
0.015100.15 100 0to 25 179
015101 0 2510 50 123

50to 100 284

100 to 150 359
150 to 250

Water temperature 7-DADMax

01035 205
3515 410
51065 745

65108 572
81095 15.1
9510 11 16.1
111015 492
15102239 022
105+£32

N2>

Water Quality .



Each step in the
model is
transparently
presented and
the details are
observable by

double clicking on

the node.

oriality

Toxicological Effects

None 336
10 16.0
20 186
50 20.7
90 111

31 P

257+29

te (% control)

179
123
284
359
545

fater Quality Effects

which is then turned into a Bayesian network

Juveniles

Juvenile -% Reduction in survival Stmistation yeiari ;
None 27.0 j— ) ol Ol ¢ 1
10 231 p— 5 Ol
20 155 mm | Ygr1o O I
50 157 | Yqar20 100
& p | Ydar 50 o | | i
90 186 i
30:33 o

v 4

/
/
f
/
/
/
f

x_\\ ;
DU

Chinook Pop. size

Time

Population Node

88.9

|
069 |

251210

s Adult- % Reduction in survival

——— None 356 -

10 205 m

20 195 m

50 24 4
182+19

Oto 1e5 511 |
1e510 5e5 16.0
5e5to 1e6 11.2
1sgle~gg 16.9
5e6to 1e7 263
1e7107.17631e8 0.64

3240000 + 3.3e7

Adults

Chinook Salmon
based on Baldwin
model with
uncertainty
included (C.
Mitchell)



We can now compare the factors contributing to risk

, . Change in | OP Percen
Scenario Risk No OP risk Risk Ecological
Percent Risk
Skagit-
winter 67.3 54.7 12.6 18.7 81.3
Skagit-
___summer 80.2 72.7 7.5 9.4 90.6
Nooksack-
winter 67.3 55.0 12.3 18.3 81.7
Nooksack-
___summer 92.4 89.9 2.5 2.7 97.3
Cedar-
winter 64.5 51.3 13.2 20.5 79.5
Cedar-
__summer 81.8 74.8 7.0 8.6 91.4
Yakima-
winter 65.8 53.1 12.7 19.3 80.7
Yakima-
___summer 85.3 79.8 5.5 6.4 93.6

Now we can calculate the
contribution to risk due to
each pathway-water
quality pathway is the
largest contributor.



Now to include management options and a utility node.

Management 2

I )
125%

125
20181

Management 1

Looks like another umbrella question.



Now to include management options, and an ecosystem service.

Contents lists available at ScienceDirect

Ocean and Coastal Management

journal homepage: www.elsevier. com/locate/ocecoaman

An introduction to Bayesian networks as assessment and decision support

tools for managing coral reef ecosystem services
John F. Carriger™’, Susan H. Yee”, William S. Fisher'

* 25, Evironsvensal Provecrion Agency, National Risk Manapomen Research Laborasery, Land and Materials Managemens DWision, Life Cycle and Decision Sugport

Brunch, Usited States

S US. Envirsnmmensel Proerction Agency, Netionel Healfh and Ervircnmental Effecs Research Laboratory, Guolf Ecology Divsion, Biingical Effects and Popedrion

Response Beanch, Unied Sistes
“US. Ervronmentsl

Procection Agecy, Office of Research and Developmnt, Necional Heakh end Frvvironmental Kffects Research Laborssory, Unied Sastes

Sewage treatment
and scuba dive
satisfaction.

(a)

Easy to update the initial node by point

Sewage treatment

Nutrient loa:

dings to bay

High 8
Medium 1
Low 4

1.0
50m
.00

Reef

state

Coral dominant
Algal dominant

226m T 1
774 ]

Species diversity

High 39.3
Medium  30.2
Low 30.4 pu—

™

Dive satisfaction
High 30.4 pu
Medium  26.6 =
Low 429 p——

(b)

and cli

ck

Sewage treatment

Primary
Secondary
Tertiary

0
100
0

Nutrient loa

dings to bay

High 7
Medium 1
Low 1

0.0
8.0
2.0

Reef

state

Coral dominant
Algal dominant

|

284 i
71.6 pu—

Species diversity

High 42.2 -
Medium  29.0 jmm
Low 28.8

™

Dive satisfaction

High 34 4 p—
Medium 254 pm
Low 40.2 pu—

Ocean and Coastal Management 177 (2019) 188-199

(¢)

Sewage treatment

Primary
Secondary
Tertiary

0
0
100

Nutrient loa

dings to bay

High 1
Medium 1
Low 6!

20w
9.0 =
9.0

Reef

state

Coral dominant
Algal dominant

su#l-f
366 um_ |

Species diversity

High 50.7 ju——
Medium 21.7 =
Low 186 m

Sy

Dive satisfaction
High 5.1 j——
Medium 176
Low 233 =




BNs have been used in multiple cases to evaluate management
options.

Carriger, J.F. and Barron, M.G., 2011. Minimizing risks from spilled oil to ecosystem services using
influence diagrams: The Deepwater Horizon spill response. Environmental Science & Technology,
45:7631-7639.

Ayre KK, Landis WG. 2012. A Bayesian approach to landscape ecological risk assessment applied to the
Upper Grande Ronde watershed, Oregon. Human and Ecological Risk Assessment. 18:5 946-970

Johns, AF, Graham SE, Harris MJ, Markiewicz AJ, Stinson JM, Landis WG. 2017. Using the Bayesian
Network Relative Risk Model Risk Assessment Process to Evaluate Management Alternatives for the
South River and Upper Shenandoah River, Virginia. Integr Environ Assess Manag. 13:100-114



BNs have been used in multiple cases to evaluate management
options.

Carriger JF, Yee SH, Fisher WS. 2019. An introduction to Bayesian networks as assessment and decision
support tools for managing coral reef ecosystem services. Ocean and Coastal Management 177 (2019)
188-199

Graham SE, Chariton AA, Landis WG. 2020. Using Bayesian networks to predict risk to estuary water
quality and patterns of benthic environmental DNA in Queensland. Integr Environ Assess Manag.
15:93-111.DOI: 10.1002/ieam.4091



Stakeholders-multiple scenarios and criteria

I
USFS with the INLAS Forest-USFS managers

Whirling Disease-Fish and Wildlife Regional managers

South River, VA-Virginia DEQ, USFW, USEPA, City of Waynesboro, South
River Science Team

Upper San Francisco Estuary-State Water Contractors, Metropolitan
Water District, Delta Project, California Department of Pesticide
Regulation, Department of Wildlife, Cal EPA



Adaptive Management-Landis et al 2017

Research, Engineering, Risk Change in Externalities

Public Engagement and
Assessment and Management

Governance

Derivation of
the endpoints
considered in

vers | mmmmp _y Fioeden e
assessment Change in
and the criteria Externalities:

to be metin a Data from the Alterations in

spatially monitoring activities. environmental
Social goals explicit context . Estimates of risk ﬁ conditions outside
(economic, cultural, to multiple the management
well-being) that Inputs to the endpoints across loop such as climate
correspond to the monitoring program the management change, population
multiple resources at describing the region. growth, economics,
a site.

outcomes from the technology.
remediation options.
‘ Constraints - Evaluation of

due to ‘ management and
economic ;

remediation options
resources,

benefits, social
concerns, and
legislation

Decision making






Now to include management options and a utility node.

Well release Deep ocean response
No action

0
I T
off 0

Deep ocean plume oil Deep ocean dispersed oil F‘ Deep ocean sediment oil > Doop ocean dispersant
High 5.00 l h 823 High 333 {4 Hgh 87.0
Moderate  47.0 - ) Moderate  33.3 jmmm Moderate  13.0 i
Low 48.0 i i 260 Low 33.3 p— " Low 005 i

; S~ 7]
Much more detail and a “”WE:H == M-
(L]

number of management s

Offshore response
Buming 0

Low 3.68
calm-sight (0-1.25 m)

m(";g-’-”'“ ) - Mechanical recovery 0
. o] . . (225 m) 2L Surface dispersant appl -163.83
options and utility criteria M—] p—
- Offshore dispersed oil e
High W’W;;‘;Ck, 155 mend :Iﬂ.g:emm ggg .g H::m‘ ‘L;’:"‘#
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Low 73.7@ \ \ /w 005
Offshore ecological impacts
Hgh 462 w—| |
Offshore mousse :’::“am ;gg 1 E !
Moderso 220
Low 76.1 Trajectory/currents
Nearshore 100
Offshore o | Onshore response
Offshore tarballs m';?r;:? ::4333 ! l l
;33 g:ﬁl l i l Nao action 18801 \
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Carriger, J.F. and Barron, M.G., 2011. Minimizing B . T
. . . . . Hig’\ 341
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influence diagrams: The Deepwater Horizon spill e S‘éa‘i
Low 235 1
response. Environmental science & technology, S~

‘Onshore ecological impacts
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