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Ecosystem Risk Assessment

“The goal of these risk analyses is to qualitatively or
guantitatively determine the probability that an
ecosystem indicator will reach or remain In an

undesirable state (i.e., breach a reference limit).”
Levin et al. 2013 “IEA: Guidance for implementation”

Risk analysis allows managers to “quickly”




How has the concept of risk evolved over time?
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Multispecies & Cumulative Impacts
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IJUCN Risk of Ecosystem Collapse
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Why conduct an
ecosystem risk assessment?




Why risk assessment?

identify pressures that pose the greatest risk to valued
ecosystem components, quickly & efficiently




Projected Average Annual Surface Temperature (IPCC
AR5 SPM, 2014)
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Arctic Sea Routes
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What is an
Ecosystem Risk Assessment?




Hobday et al. 2011

Scoping
Establish & document objectives & hazards

¥

Risk Assessment Levell
Qualitative assessment
Uncertainty analysis

Low Risk «——> Med/ High Risk

Level 1: Analysis for each pressure

scores each human activity or
natural perturbation for its impact on the
focal ecosystem components of the IEA.
Those pressures receiving a high impact
score move onto level 2 analyses.




Hobday et al. 2011

Level 2: Analysis considers the exposure of
an ecosystem component to a pressure,
and the sensitivity of the component to that

pressure.




Hobday et al. 2011

Level 3: Analysis takes a quantitative
approach such as is used in stock
assessments & population viability analyses




Ecosystem Risk Assessment

Quantitative
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Qualitative
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Ecosystem Risk Assessment

Quantitative
A Level lll

Level Il

Y Levell

Qualitative
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Ecosystem Risk Assessment

Quantitative _
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Ecosystem Risk Assessment

Quantitative
A Levellll
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Y Levell
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Ecosystem risk assessment fr
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ECOSYSTEM RISK ASSESSMENT

viewed through the lens of Puget Sound

Premise: Risk to habitats = risk to the ecosystem

Coastal development Industry

Fishing Residential Land Use

Samhouri and Levin 2012



HABITAT RISK ASSESSMENT

Monterey bay national marine sanctuary

Premise: Risk to habitats = risk to the ecosystem
*Includes a spatially explicit analysis of exposure + relies on a
combo of data and expert-opinion

Risk due
to

inorganic
pollution

Rocky éhoreé

ponges
Soft “Hard
Offshore Kelp Beaches
15 ;

Samhouri et al. 2012



Habitat Risk

Ecosystem Index
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Ecosystem Reference Point (ERP): OHIAK




Ecosystem Reference Point (ERP): OHIAK

Subset of years, present status = 5 year mean score
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Index comparison

1982-present
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Risk Assessment
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Susceptibility
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GROUNDFISH RISK ASSESSMENT

Premise: risk to groundfish = risk to groundfish
Includes a spatially explicit analysis of susceptibility
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Exposure Intensity Index
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Andrews et al. 2011, Hamel et al. 2012
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Premise:

increased overlap of
marine mammals with
fisheries = increased risk
to marine mammals

Hake X B mu
0.00
0.01-0.02
0.03-0.05

Blue whale (Balaenoptera musculus)
0.000193 - 0.000905

0.000906 - 0.001898
0.001899 - 0.003197
0.003198 - 0.004796
mm 0.004797 - 0.006717
006718 - 0.009248

=
mm 0.009249 - 0.012758 194 -30.1

Feist et al. 2012



SEABIRD RISK ASSESSMENT

Premise: increased overlap of seabirds with human pressures -
increased risk to seabirds

ocean acidification- #ﬁimatfe
SST change- ;4?7
commercial shipping- F
invasive species- %
atmospheric deposition- ?7
ocean pollution - F pollution
organic pollution- ?
nutrient deposition- ﬁ ‘ common murre

coastal trash- ‘ rhinoceros auklet

inorganic pollution- F E3 sooty shearwater

sediment runoff increase - g
sediment runoff decrease - %

coastal engineering-

coastal

Exposure of .
sooty recreational beach activity - |
shearwaters

'301:33:: light pollution- &»
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medium

power plants -
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0.50
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Good et al. in review




AK |IEA Risk Assessment

Aleutian Islands Fishery Ecosystem Plan
December 2007
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from the heavens above onto these islands th
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Characterization of interactions in terms of probability of occurrence and a combined
ecological multiplied by economic impact. Shaded area in upper right quadrant
highlights those interactions with a medium to high probability of occurring and
likely impact.
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http://www.fakr.noaa.gov/npfmc/conservation-issues/aifep.html




IFRAME
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Ecosystem Risk Assessment

Quantitative
A Level lll

Level Il

Y Levell

Qualitative

single pressure,
single target

single pressure,
multiple targets

multiple pressures,
multiple targets

(Tactical)
Recovery plans
Control rules

Prioritization

-3 Regional planning

Communication

(Strategic)

—3 Scoping

Context
Gap analysis



Ecosystem Risk Assessment

Quantitative _ Tactical
A Levelll Ecosystem MSE (Tactical)
(e.g., EWE; FEAST) Recovery plans
il - Control rules
L Prioritization
Level II Vulnerability / Resilience === Regional planning
| Communication
Indicator Trend Analysis (Strategic)
= (Ecosystem — SCoping
Y Levell Considerations) Context
Qualitative ; Gap analysis

single pressure,
single target
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VULNERABILITY OF FORAGE FISH TO CLIMATE
CHANGE

Dawson et al. 2011
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0.7
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Samhouri et al. in review

For a similar approach, see Gaichas et al. 2014...



Climate Change Assessment
(IPCC - WGII Summary for Policy Makers)

IMPACTS

I |

Vulnerability SOCIOECONOMIC
CLIMATE PROCESSES
Natural Socioeconomic
Variability Pathways
4
Hazards Adaptation and
Mitigation
Anthropogenic Actions
Climate Change 4
Governance

T

EMISSIONS
and Land-use Change

http://www.ipcc-wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf



VULNERABILITY OF PEOPLE TO
CLIMATE CHANGE

Premise: increased exposure of marine resources to expected
climatic change, and reduced resilience in human communities =2
increased vulnerability

Overall Vulnerability
to Climate Change

Himes-Cornell and Kaspersky in review



Risk Assessment
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Elements of Risk Assessment




Ecosystem Risk Assessment

Quantitative _
A Levelll

Level Il

Y Levell

Qualitative

single pressure, single pressure, multiple pressures,
single target multiple targets multiple targets

(Tactical)
Recovery plans
Control rules

Prioritization

-3 Regional planning

Communication

(Strategic)
Scoping
Context

Gap analysis



Management

Scenarios

Risk Assessment

Management
Strategy

Response Variable

Evaluation

Other Error

Obs. Error, other process
error, model
misspecification



Management
Scenarios

“known”

Process Error

Variable Conditions /
Changes to Drivers
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reaches limit

. A b
7 ime,
Obs. Error, other process

other fun
error, model
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MSE - “manage” simulated ecosystems & summarize
performance (relative to management objectives)

Single species
BIRRRERRERD CEATTLE
Ecosim

A

FEAST
CEATTLE
Ecosim

BEST-BSIEF

o 4

Bering Sea Project



Performance metrics for ecosystem MSEs
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climate change example




IPCC projected changes in temperature

Atmosphere-Ocean General Circulation Model projections of surface warming
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Arctic Sea Ice: September 1984

Image b)cation

Russia
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Image: NASA Earth Observatory image by Jesse Allen
Data: National Snow and Ice Data Center



Arctic Sea Ice: September 2012
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Image: NASA Earth Observatory image by Jesse Allen
Data: National Snow and Ice Data Center
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Bering Sea & Climate

Bering Sea “Cold Pool” 2001-2009
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What Is the future of Alaska fisheries ?
Will our current management work?




Bering Sea Models

warm (2004) cold (2009)
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Bering Sea Models

warm (2004) cold (2009)
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Bering Sea Models

warm (2004)




Bering Sea Models
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~ Bering Sea Models
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MSMt (Multi-species stock assessment model)
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Spawning Biomass
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MSE - “manage” simulated ecosystems & summarize
performance (relative to management objectives)
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MSMt Recruitment ROMS/ NPZ Indices
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FUTURE MODELING
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~ Bering Sea Models
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1. MSE has been a key component of fisheries management science
in the US and elsewhere. The focus of MSE is not on identifying
optimal solutions but rather solutions which are robust to
uncertainty. It is starting to enter management of terrestrial systems.

2. There is likely tremendous uncertainty in any system but once we
move beyond single-species considerations “uncertainty about
uncertainty” can become overwhelming so we need to avoid
“modelling everything” but rather should focus on “modelling the
right stuff”.



Ecosystem Risk Assessment

Quantitative _
A Levelll

Level Il

Y Levell

Qualitative

single pressure, single pressure, multiple pressures,
single target multiple targets multiple targets

(Tactical)
Recovery plans
Control rules

Prioritization

-3 Regional planning

Communication

(Strategic)
Scoping
Context

Gap analysis









EXTRA SLIDES FROM HERE OUT



Ecosystem Reference Point (ERP): OHIAK
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AK-l EA (www.noaa.gov/iea/regions/alaska-complex)
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INTEGRATED ECOSYSTEM ASSESSMENT

Alaska Complex

The Alaska Complex LME is made up of 5 distinct ecosystems: the Aleutian Islands, the Eastern Bering Sea, the
Gulf of Alaska, the Beaufort Sea, and the Chukchi Sea. Read More...
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Building an understanding of ecosystem vulnerability to
climate change

Is a vulnerable prey
a vulnerable
predator?

FORAGE FISH DIRECT VALUE FORAGE FISH SUPPORTIVE VALUE

The commercial catch of forage fish was $5.6 billion. Forage fish added $11.3 billion in value to
commercial catch of predators.

$11.3 billion
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$5.6 billion



