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Fig. 5. Diagram of model classifications [from Whipple et al. 2000].

5.5.1.1 Statistical (heuristic) models

Econometric models and neural network (genetic algorithms) models that use long time series
may be helpful within climate regimes as persistence is an important ecosystem attribute. The
neural network approach is a form of pattern recognition; it finds repeating sequences of events
in the data that can be used to predict a future outcome when that sequence is next observed. As
mentioned above, this method is not robust in the face of dramatic change, for example, a cli-
mate regime shift.

Table 1. Forecast time horizons for different types of models.

Short (1 yr) Medium (2-5 yrs) Long (=5 yrs)
Empirical X
Process X X
Food Web Dynamics X X
Single Species X

5.5.1.2 Process models

Process or mechanistic models are valuable tools in ecosystem and fisheries management. They
provide a test of conceptual models, tell which variables are most important to measure, and pro-
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vide quantitative predictions of abundance. Most assume bottom-up control of ecosystem proc-
esses, but they are not restricted to that assumption. One example is the biophysical Nutrient-
Phytoplankton-Zooplankton (NPZ) models that are linked to Individual-Based Models (IBMs) of
commercial populations (e.g., Hermann et al., 2001; Hinckley et al., 2001).

5.5.1.3 Multi-species ecosystem, food-web, mass-balance models

These models use functional guilds and size classes to define production and consumption (or
growth) of populations in an ecosystem. They are most often employed to examine higher tro-
phic levels within an ecosystem and can be driven by processes models (control from below) to
calculate the amount of carbon (or number of animals) contained in a population of apex preda-
tors. The ECOPATH family of models is a good example of food-web modeling. They have
been constructed and applied to resource use problems in the Bering Sea (Aydin 2002). They are
also valuable in indicating gaps in knowledge.

5.5.1.4 Single-species models

Statistical age-structured models (SAMs) and IBMs are two examples of single-species models.
SAMs can be run in hindcast mode or forecast mode. In hindcast mode, historical data on catch
statistics, life history, and survey indices of abundance are combined to reconstruct the exploited
population starting from the present and working back into time. Annual recruitment, spawning
biomass, numbers-at-age, fishing mortalities by age and year and other biological parameters are
typically estimated from the hindcast SAM using complicated statistical algorithms. In forecast
mode, SAM results from the most recent year are used as a starting point to project or forecast
the exploited population forward in time to explore the consequences of alternative assumptions,
such as different harvest and recruitment scenarios or productivity regimes. IBMs are combina-
tions of probabilistic and deterministic equations that predict the number of animals of particular
age or stages resulting for a given set of growth and predation conditions. As mentioned above,
one of the biggest challenges will be to incorporate environmental data into these models in a
meaningful way.

5.5.1.5 Stock recruitment models

Stock recruitment (SR) models attempt to relate recruitment abundance to spawning biomass lev-
els that gave rise to them. Empirical relationships between spawning stock and recruitment show
extreme annual variability. Yet, it is clear that there must be some fundamental underlying rela-
tionship (i.e., there can be no recruits if there are no spawners), and there must be some limits on
recruitment due to known limits imposed during early life history (i.e., food, spawning area,
rearing areas, cannibalism). There is a long history of attempts to use SR models in fisheries sci-
ence, and the basic models have remained unchanged since the 1950s. Work continues to explore
the effects of density dependence, the influence of biological and environmental factors on re-
cruitment and ways to construct meaningful management metrics and harvest guidelines from the
basic data and estimated parameters.
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5.5.1.6 Multispecies Models

Multispecies models (e.g., Livingston and Jurado-Molina, 2000) are a compromise between sin-
gle-species models and ECOPATH-type, whole-system models. They include more than one
species or functional group but, because they require a large number of parameters, cannot ade-
quately represent the complexity and food web interconnections known to exist in real ecosys-
tems. They also are a compromise between age or size structured and individual-based models.
Multispecies models generally do not represent individuals. More often they are expressed in
terms of some aggregate measure of productivity, including age or size classes, guilds, or popu-
lation biomass. They do have the benefit of being able to incorporate aspects of species-species
interactions (e.g., competition, predation, predator search time, suitability of each prey item to a
predator, probability of capture, mutualism, and commensalism), the effect of the environment
on carrying capacity and reproductive rate, and removals by a fishery.

5.6. IMPORTANT CONCEPTUAL KNOWLEDGE GAPS

The panel on the next page lists key gaps in our knowledge of ecosystem structure and its re-
sponse to climate change and variability. The questions were gathered from a special workshop
in September 2004, as well as from general knowledge of research topics from the Bering Sea
and Gulf of Alaska.

6. GOALS, OUTCOMES, PERFORMANCE OBJECTIVES AND STRATEGIES

NPCREP has two goals, presented below, that address its mission (sec. 3). Associated with each
goal is a series of outcomes, performance objectives, performance measures and strategies. Out-
comes describe the intended purpose of the collected efforts related to attaining each goal. Per-
formance objectives present values or characteristics used to evaluate achievement of an
outcome; they are supported by performance measures. Some specific performance objectives
are in response to needs communicated to us by the NPFMC.' Strategies describe the action
taken to accomplish a performance objective, and these strategies are further described by the
activities that they encompass.

NOAA subscribes to five specific activities: monitor and observe; understand and de-
scribe; assess and predict; engage, advise and inform; and manage. All of NPCREP’s outcomes
are directed toward providing better management tools and more fully participating in the man-
agement process. However, the act or strategy of management lies outside of the scope of
NPCREP. In the narrative to follow, rationale for each goal is presented with appropriate scien-
tific questions addressing performance objectives. Finally, at the end of this section, the rela-
tionships between NPCREP goals, NOAA goals and goals of the U.S. Climate Change Science
Program are discussed.

' D. Stram (NPFMC), personal communication
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Knowledge Gaps

Nutrient supply

How do climate variations impact mixed layer concentrations of available nutrients on the Bering Sea and
Gulf of Alaska continental shelves?

How important are summer storms in providing critical nutrients to support production?

What percentage of nutrients must be replenished each year on the SE Bering Sea shelf? How could climate
variability affect that?

Is the Gulf of Alaska shelf ecosystem dependent on interactions of topography and shelf currents for replen-
ishment of nutrients each year? How could climate variability affect that?

Primary production

¢ [s phytoplankton growth limited by iron on either the Gulf of Alaska or eastern Bering Sea shelf?

* Does climate variability contribute to outbreaks of single species (e.g., coccolithophorids), and what is the
impact of these outbreaks on other species?

* What factors set the amount of annual primary production?

Secondary production

* What environmental cues end diapause for large copepods? How does climate variability affect these?

* How do variations in climate affect the spatial and temporal patterns of distribution, abundance, and spe-
cies composition?

Early life history stages of commercial species

* How do variations in climate affect the spatial and temporal overlap of these stages and their prey?

* How do variations in climate affect the physical structure of the water column? What changes have the
highest impact on the feeding and survival of early life history stages?

* How do changes in climate affect the transport of these stages to their nursery areas?

* How do changes in climate affect the ability of surviving age-0s to accumulate enough fat to survive their
first winter?

Commercial and protected species

* How do climate variations affect the availability of optimal habitat?

* How do climate variations affect the availability of prey resources?

Ecosystem-level questions

* Does the structure of some systems make them inherently more resistant or vulnerable to the effects of cli-
mate variability?
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6.1. GOAL TO OBSERVE, UNDERSTAND AND PREDICT

The first goal is to observe, understand and predict relationships between climate and ecosys-
tems. Very few stock assessment/forecast models presently use environmental data to increase
the accuracy of their predictions. Yet, populations are extremely sensitive to the environment
around them and “unfavorable” conditions lead to poor recruitment, below average growth, or
large changes in distribution. Development of robust models that utilize climate data to predict
the status of a stock must be preceded by development of understanding of how climate variabil-
ity affects population recruitment, production, and distribution.

Questions concerning the influence of climate-related factors on recruitment,
production and distribution of fisheries:

* How does climate affect ocean transport? How does climate-induced change in
transport affect the delivery of nutrients, plankton, and larvae to critical produc-
tion areas?

* How do changes in ocean temperature affect ecosystem structure?

* How does changing the timing of the spring and fall transitions affect the growth
and survival of larvae?

* Will climate-dependent change in the mean extent and duration of sea ice cause
expansions and contractions in the home ranges of species and constitute a selec-
tive pressure on the genome of species?

* How does the presence of sea ice affect the timing of phytoplankton blooms? How
does the timing affect the rest of the ecosystem?

Stock assessment scientists are developing spatially-explicit stock assessment models.
Important elements in these models are the rules governing the movement of fish. Climate forc-
ing determines environmental factors that govern the behavior of fish prey (invertebrates, forage,
and juvenile fish) and thus affect the distribution of predators.

Questions about physical and lower-trophic-level processes that determine prey
location and abundance:

* Will changes in the timing and extent of ice create temporal or spatial mismatches
of predators and prey during key life history stages (e.g., between larval fish and
their zooplankton prey)?

* How would climate-mediated changes in temperature or the cold pool interact
with landscape ecology to influence major predator-prey relations?

* How would the food webs of the southeastern Bering Sea and northern Gulf of

Alaska change if subarctic species expanded their distributions northward and
arctic species retreated?
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GOAL TO OBSERVE, UNDERSTAND AND PREDICT RELATIONSHIPS BETWEEN
CLIMATE AND ECOSYSTEMS

OUTCOMES PERFORMANCE OBJECTIVES

Determine climate-related factors influencing
recruitment, production and distribution of
fisheries. (Performance measure: number of
factors identified)

A foundation of observations and
experiment results yielding an under-
standing of processes that relate cli-
mate  variability to ecosystem Determine and provide physical and lower-
change. This understanding, in turn, trophic-level forcing factors that are determi-
brings development of predictive nants of prey locations and abundance. (Per-
skills. formance measure: number of factors
identified)

Strategies

* Design and implement a climate and ecosystem observation system (EOS). (Activities:
monitor and observe)

Conduct experiments to understand climate-ecosystem processes. (Activities: understand
and describe)

Analyze and synthesize the EOS and historical data. (Activities: understand and describe)

Develop and utilize biophysical and other models to describe ecosystem function and re-
sponse to climate. (Activities: assess and predict)

6.2. GOAL TO AID PROTECTION AND MANAGEMENT OF MARINE RESOURCES

The second goal is to aid protection and management of marine resources.

NPCREP asked representatives of the NPFMC to state specific needs relating to climate-
induced change in ecosystems. The following responses reflect the Council’s need for a process
to assimilate and streamline use of climate and ecological indices in management decisions, for
unbiased estimates of the abundance of fish and marine mammals, for accurate predictions of
recruitment and growth, for predicting ecosystem reorganization in response to changing climate
and for managing bycatch.

Each year, AFSC and PMEL scientists communicate to the NPFMC information on eco-
system status and trends. This information is contained in the Ecosystem Considerations chapter
(e.g., Boldt, 2004) of the SAFE report for the Bering Sea/Aleutian Islands and Gulf of Alaska
groundfish. Advice in the chapter helps managers track long- and short-term environmental
change for stewardship of living marine resources. The Council has requested assistance in in-
terpretation, consolidation, and assimilation of this information. NPCREP will provide the re-
search to bridge this information into the stock assessment process. In the near term, efforts will
focus on improving our understanding of climate impacts on shifts in predation mortality, annual
reproductive success, growth and distribution of living marine resources. Once linkages are es-
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tablished on a single-species basis, the information will be incorporated into whole ecosystem
models.

How can NPCREP help the NPFMC understand the significance of climate and
ecosystem trends?

* What analytical or statistical techniques are available to distill the large amount
of information available in the Ecosystem Considerations chapter?

* What graphical/visual techniques are available to help summarize the data con-
tained in the Ecosystem Considerations chapter?

* Can an objective process be designed that will arrive at conclusions based on the
synthesis of information in the Ecosystem Considerations chapter?

Under the MSA, one of the overarching goals of fishery managers is to achieve optimum
yields (OY) from each fishery. The definition of OY now includes the protection of marine
ecosystems and considers maximum sustainable yields as reduced by any relevant economic,
social or ecological factors.

How does climate variability affect Optimum Yield?

* What OY modifying factors does climate variability impact (e.g., predator/prey
relationships, competitive interactions, habitat suitability)? Are some more im-
portant than others?

* For each managed species, how does climate affect the OY quantitatively, or how

should climate-related environmental conditions be considered as modifying fac-
tors for the OY?

Current management plans for the Bering Sea/Aleutian Islands and Gulf of Alaska
groundfish use OY range limits that were established with simple, single-species considerations.
Both the NPFMC Scientific and Statistical Committee and Advisory Panel have recommended
that these OY ranges be re-evaluated using an ecosystem/multi-species approach. The goal is to
define targets and limits for aggregate or ecosystem-level indicators.

How does climate variability affect ecosystem reference points?

* How does climate affect the range limits of single species through bottom-up eco-
system interactions?

The maximum amount of commercial fish that safely can be removed from a system de-
pends on many variables related to the status and trends of individual species. For example, the
biomass of pollock available for harvest may be related to their interactions with other (prey)
species such as zooplankton and salmon smolts whose production is affected by climate. Thus,
interactions among species are important factors in determining ecosystem thresholds.
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How does climate modify ecosystem thresholds for species interactions?

* How does climate affect the level of forage fish abundance at which predators shift
from one forage species to another or become cannibalistic?

* How does climate affect the level of prey and predator abundance at which ecosys-
tem control shifts from bottom up to top down?

* How does climate affect the level of zooplankton abundance at which fish shift from
planktivory to piscivory?

GOAL TO AID PROTECTION AND MANAGEMENT OF MARINE RESOURCES

OUTCOMES PERFORMANCE OBJECTIVES

Help NPFMC understand the significance of
climate and ecosystem trends. (Performance
measure: number of tools and techniques)
Determine how climate variability affects Op-
timum Yield. (Performance measure: number
of factors for each managed species)

Improved management of marine Determine how climate Vari?lbility impacts
resources from  supplying  the ecosystem-level reference points. (Perform-

NPEMC with the immediate tools ance measure: number of OY range limits
modified for ecosystem processes)

Determine how climate modifies ecosystem
thresholds for species interactions. (Perform-
ance measure: number of ecosystem thresholds
determined)

needed for pursuing an ecosystem
approach to management

Strategies
Disseminate real-time data from the observational network. (Activities: engage, advise and
inform)
Provide climate websites and other links to stakeholders. (Activities: engage, advise and in-
form)
Develop forecasting tools with resource managers, enabling them to consider ecosystem re-
sponse to climate change in their decisions (Activities: assess and predict).
Publish annual assessments and advisories, as needed, of climate and ecosystem status. (Ac-
tivities: engage, advise and inform)
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6.3. RELATIONSHIP TO NOAA’S AND OTHER NATIONAL GOALS

NPCREP will address two of NOAA’s Strategic goals for the period FY 2005-2010:
* Understand climate variability and change to enhance society’s ability to plan and respond.

* Protect, restore, and manage coastal and ocean resources through an ecosystem approach to
management.

These goals also are represented in the U.S. Climate Change Science Program's strategic
goals and objectives:

* Enhance society’s ability to plan and respond to climate—induced ecosystem change by un-
derstanding the sensitivity and adaptability of different ecosystems to climate.

* Increase the number and accuracy of forecasts of significant ecological events and trends.

* Support and facilitate NOAA’s ecosystem approach to management.

7. IMPLEMENTATION ACTIVITIES

NPCREP is a matrix-managed program serving NOAA’s Climate Goal Team and NOAA'’s Eco-
systems Goal Team. The program’s activities are a hybrid of the activities from the NOAA stra-
tegic plan: 1) monitor and observe the land, sea and atmosphere to create an observational and
data collection network that tracks North Pacific climate variability and ecosystem response; 2)
understand and describe how climate affects ecosystems through investigation and interpretation
of information; 3) assess and predict the climate-induced changes of ecosystems and provide in-
formation about the future; 4) engage, advise and inform North Pacific ecosystem stakeholders to
facilitate information flow, assure coordination and cooperation, and provide assistance in the
use, evaluation and application of information about climate regimes and ecosystem productiv-
ity; and 5) contribute indirectly and directly to management of marine species by providing in-
formation to NOAA Fisheries and the NPFMC (NPCREP has no mandated management
responsibilities of its own).

At present, NPCREP is a small program ($1.5M per year), and is
highly dependent on leveraging from other regional research ef-
forts to fulfill its initial goals.

¢ Fisheries-Oceanography Coordinated Investigations (FOCI; NOAA)

* Fisheries and the Environment/Ecosystems Indicators (FATE; NOAA)

* Bering Sea Ecosystem Study (BEST; NSF)

* Global Ecosystem Dynamics (GLOBEC; NSF & NOAA)

* Study of Environmental Arctic Change (SEARCH, multi-agency)

* North Pacific Research Board (NPRB)

* Gulf Ecosystem Monitoring (GEM; Exxon Valdez Oil Spill Trustee Council)
* Alaska Ocean Observing System (AOOS)
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NPCREP’s program of research is designed to be scalable to accommodate varied levels
of funding and completeness of attaining its goals. Overall scalability is discussed later in this
section. Initially the program will be predominantly in the Bering Sea where the climate signal
is most pronounced and marine resources most plentiful. A small fraction of the program re-
search will be in the northern Gulf of Alaska due to the strength of past research (e.g., Stabeno et
al., 2004; Kendall et al., 1996), and to continue critical long-term time series that already exist
there. These long physical and biological time series enable us to determine climate affects that
are weaker than in the Bering Sea. Details of programmatic leverage and cooperation are pre-
sented at the end of the section.

7.1. MONITOR AND OBSERVE

Monitoring of climate, upper ocean physics and biology is an essential element of any program
that seeks to develop quantitative predictions. It is necessary for both the development of con-
ceptual models and the actual predictions themselves (Fig. 6). A well-designed system of meas-
urements, which are consistent from year-to-year, will form the backbone of the NPCREP
observing network. The system needs to be both stable to produce a consistent product over the
years, yet flexible to respond quickly to shifts in climate (e. g., PDO, ENSO, AO). Major tasks
to initialize the observation system are:

* Identify and prioritize the information needed to meet the goals of the program.

* Create a relational database that permits retrospective investigations and assists in designing
observing networks

* Identify the models needed to assist in the design of observing networks.
* Prioritize areas of focus and data to be collected.

* Using the first four items, design and implement the observing systems.
* Disseminate data using database and web pages.

* Evaluate changing conditions and adjust observing systems appropriately.

Conceptual Models
'/ ) Inferences e \‘

Monitoring Process Studies
Time Series Element Interactions
Statistics Mechanisms, Rates

L ) Quantitative Models e /’
Predictions

Fig. 6. Flow of information for understanding and predicting climate-forced ecosystem processes.
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To successfully monitor and observe an ecosystem, data collection systems must be care-
fully designed. Because NPCREP will study both stationary and moving targets, four different
observational components are necessary:

*  Moored biophysical platforms using existing and new in situ sensors.
* Autonomous drifting buoys and gliders.
* Surveys of ocean, atmosphere, plankton, fish, birds, and mammals from ships and aircraft.

* Satellite remote sensing tools (existing and new).

7.2. UNDERSTAND AND DESCRIBE

Precise, robust predictions require comprehension of the processes that produce the outcomes we
wish to predict. Understanding is an integral part of the process that leads to quantitative models
(Fig. 6).

A current misconception in the area of prediction is that understanding is not necessary.
Nature has not provided a small number of deterministic processes of limited stable states, nor
have all possible states been observed in the past. Ecological processes are complex, and re-
cruitment of individual populations comprises combinations of deterministic and stochastic proc-
esses, each with a different intrinsic period (e.g., Bailey, 2003; Ciannelli ef al., 2004; Duffy-
Anderson et al., in press). Thus, predictions achieved by correlation between the result and pri-
mary functions usually fail once some piece of the mechanism changes in response to climate or
in response to a re-organization of the ecosystem structure. Efforts to increase our mechanistic
understanding of ecosystem processes are essential to programs that will establish the linkages
between climate regimes and ecosystem productivity.

NPCREP will conduct research to understand: 1) the functioning of coastal and ocean
ecosystems, including the ecological and biological population aspects of living marine resources
(commercial and protected species) and 2) the dynamics and impacts of climate on coupled
ocean/atmosphere ecosystems.

7.3. ASSESS AND PREDICT

NPCREP, through the delivery of new decision-support tools, will support the NPFMC as it de-
velops an ecosystem approach to management. There is presently need for a prediction of eco-
system “shape” or status to support broad-based resource decisions, and there is also need for
improved single-species predictions that incorporate environmental variables. The decision sup-
port tools that NPCREP is able to develop and apply will be a direct result of investment in
monitoring and understanding.

NPCREP will implement projects to generate two types of predictive tools: 1) qualitative
tools that yield a prediction of the trend or state and are used as stand-alone metrics or in combi-
nation with other metrics, and 2) quantitative tools that yield a numerical, categorical, or ordinal
prediction of the abundance of a species. Examples of qualitative tools are the metrics and indi-
ces used in the Ecosystem Considerations chapter of the SAFE reports. These are used by them-
selves or in combination to give a general picture of what is happening (or may happen) in the
ecosystem. Examples of quantitative tools are models that provide quantitative prediction of
populations or vital rates and events of populations. Examples of these are single-species, multi-
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species and ecosystem analyses that predict the number or biomass of fish available for harvest
and the Fisheries-Oceanography Coordinated Investigations (FOCI) recruitment forecast that
uses environmental indicators and the strength of the current year class of Gulf of Alaska pollock
to predict the abundance of two-year-old recruits.

The NPFMC and its Plan Teams currently consider ecosystem processes as they develop
an ecosystem-based approach to management. However, there are a very large number of indi-
ces reported in both the Ecosystems Considerations chapter and the PICES Report on Marine
Ecosystems of the North Pacific (North Pacific Marine Science Organization, 2004). The fun-
damental challenge is to arrive at a small set of simple indices that are meaningful. What re-
source managers have requested is an objective way to decrease the number of indices
considered, and to summarize their predicted effect. One summary method that will be tested
and implemented by NPCREDP is the stoplight technique shown below (Fig. 7). The technique
provides a strong visual representation to the viewer and incorporates an "answer," the combined
indices. Color-coded approaches to communicate ecosystem status to managers are being used
in Canada. It is challenging, however, to assign colors to different outcomes of each index. For
example, what color or attribute is assigned to a positive PDO or negative AO? These are just
some of the challenges.

Combined Indicies @@[0I00OI0[OIOIOIOIOIOIOIOIOO]

Indicator 1 [0)[e]e]e]e]e]e]e]e]e]e]e]e]e]e]e]e)
Index 2 % QIOIOIOIOIOIOI@IOIOIOIOIOIICD
Measurement 3 QIO@IO[OIOIOIOIOICOIOIOIOIO[C
Index 3 @) QOO0
Physical Forcing 1 ele][)e)e]e)e]e)e)elele]ele)e)e!
Measurement 1 QIOOIOIOIOIOOI@[COIOIOCIOCICD
Fishindex QIOOIO[OIOI@IOIO[COIOIOCICCICD
Marine mammal index OOQDDD DDDDDDOOO

Strong

Average-Strong

Average

Weak-Average

Weak

Missing

Fig. 7. The “stoplight” model of ecosystem status permits simple understanding and grasp of indicial information.

This technique provides an early indicator of change but does not provide managers with
advice on what actions, if any, they should consider to change the ecosystem condition. Manag-
ers need two types of information, long-term (~10-yr) forecasts to warn stakeholders of expected
change and short-term forecasts of expected changes that could be altered by management deci-
sions. Thus, forecast methods must be established to provide managers with the tools necessary
to form precautionary advice.

Another useful way to depict indices to managers is to construct a matrix (Table 2) of en-
vironmental factors (rows) and their effects on different species (columns). Rows would include
present stock assessment of each species. Columns could include ecosystem-level properties like

the ones shown in the table or “biomass of pelagics”, “primary production”, and “biomass of
piscivorous fishes”. This decision-based tool would provide managers with a way to look at the
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big picture. Note that this can also be used as an information-needs matrix to indicate what is
least reliably known for the ecosystem.

Table 2. Hypothetical management matrix of environmental factors (rows) and their effects on different species
(columns) for the Bering Sea.

Species Biomass Response

Environmental Factor Tendency Zooplankton Snow crab Fur seals
Warm + - -
Ocean Temperature Cool i + +
) o Less - - ?
Wind Mixing More + + 9
o ] Early - + ?
Timing of Spring Bloom Late + i 9

Existing and emerging numerical models will be the basis for NPCREP’s quantitative
prediction. Although empirical models are attractive for their simplicity and expediency, these
statistical models typically fail with time when new data are available or the climate and ecosys-
tem enter a new regime or phase. For this reason, we prefer to concentrate on dynamic models
that incorporate processes.

The greatest challenge today is how to incorporate ecosystem information into quantita-
tive models that predict species abundance. This is a necessary first step for ecosystem-based
management. Note that NPCREP will not develop climate models. The approach is to:

* Develop and implement models that incorporate climate/environmental forcing to
nowcast population abundance of commercial and protected species.

* Incorporate estimates of reliability (including precision) in model predictions.

* Develop and implement models as tools to investigate the impacts of plausible cli-
mate scenarios on ecosystems.

Developing decision support tools that incorporate probabilistic statements of the likeli-
hood of outcome are a goal of NPCREP. Recently, there has been a movement towards using
Bayesian approaches in fisheries. There is merit to predicting on a qualitative (as opposed to
quantitative) scale; these are still based on probability theory, hence quite valid.

7.4. ENGAGE, ADVISE AND INFORM

These activities will be the litmus test of NPCREP's commitment to end-to-end products for its
stakeholders. Primary stakeholders are the NPFMC, the U.S. Integrated Ocean Observing Sys-
tem and the general public. NPCREP must remain responsive to operational needs of
stakeholders. Staying engaged will allow incorporation of fresh ideas, as well as dissemination of
results to the correct audience at the right time. NPCREP has a unique opportunity to support
North Pacific and Bering Sea fisheries management by focusing advice primarily on the status
and projection of the climate/ecosystem state for the multi-year time scale. Addressing this
large-scale question will produce preliminary information that influences many of the NPFMC’s
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detailed management decisions. Last, NPCREP is uniquely positioned to inform our
stakeholders. NOAA possesses a wealth of climate and ecosystem data, as well as the tools to
make data products easily accessible to the public using the Internet.

* Develop real-time reporting for some components of the observing system.
* Develop effective means of two-way communication with the NPFMC and its Plan Teams.
* Develop effective means of web-based communication with general stakeholders.

* Take an active role in the annual preparation of data and syntheses for the Ecosystem
Considerations chapter of the SAFE report and the PICES report.

* Develop techniques for rapid updates and analyses of the state of the North Pacific and Ber-
ing Sea ecosystems.

* Streamline the process of assimilating ecological information into the management process.
* Publish periodic assessments and forecasts of climate and ecosystem status.

A stated goal of NPCRERP is to inform stakeholders to enhance their ability to respond to
climate variability. Strategies to attain this goal are primarily accomplished using passive and
active information delivery techniques on the Internet.

¢ Disseminate real-time data from the observational network.

* Provide regular input to marine resource managers, native communities, shipping industry,
and other stakeholders.

7.5. SCALABILITY

Table 3 indicates the current level of effort for NPCREP. This program is scalable by ecosys-
tem, i.e. research can be focused on multiple LME:s or restricted to a single LME or a sub-part of
an LME. We have learned that it is not sufficient to manage fisheries by single-species assess-
ments and predictions in an ecosystem approach to management (Sainsbury et al., 2000; With-
erell et al., 2000). We know intuitively that an ecosystem cannot be fully understood by
observing and analyzing only part of it. It may hold, as well, that ecosystems themselves are in-
terrelated, and that studying a single ecosystem within a region provides insufficient information
to characterize and predict the effects of climate change on the whole region.

For these reasons, we suggest a level of effort (Table 4) that may be scaled to observa-
tion, analysis and prediction within regions of North Pacific Ocean ecosystems: eastern Bering
Sea, northwestern Gulf of Alaska and eastern Aleutian Islands, listed in order of their fisheries
economic value (Hiatt er al., 2004). The most conservative effort would focus almost exclu-
sively on the eastern Bering Sea shelf. With additional funds, the other ecosystems would be
added, so that at the highest effort, all three ecosystems, and their interrelationships, would be
targeted. For this planning document, we developed timelines and metrics assuming the highest
level of effort, i.e., research all three ecosystems. It is important to conduct work in all three sys-
tems, as prior research has shown that the three are biologically and hydrographically intercon-
nected (Schumacher et al., 1982; Loughlin and Ohtani, 1999). Simultaneous work in all three
systems will further elucidate the interrelationships and interdependencies that each system has
on the other, and will ensure that the propagation of climate effects between ecosystems is exam-
ined.
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Table 3. Current level of effort in terms of strategies and activities.

Strategy Activity Current (FY 2005) Level of Effort
$1.2 M and 307 ship days
Bering Sea
o Ecosystem * Biophysical platforms: 2
8 0 monitoring *  Drifters: 25 satellite-tracked drifters
S5 network *  Ship surveys: two biophysical cruises
'g % * Remote sensing: selected images of ocean color and temperature
= *  Support predator/prey collections and analyses
- O Retrospective | *  Two retrospective studies, two process studies
g = and  process
g % studies
2 E Biophysical ¢ Develop conceptual models
- & models * Develop ocean circulation model
Ecological ¢ Develop objective techniques to streamline ecological index reporting
% g - forecasting and use
i 2 S * Incorporate climate data into single-species and ecosystem assessment
< models
- Web sites and | ¢  Establish liaison and dialogue with NPFMC
g 8 g publishing ¢ Disseminate regional data and ecosystem assessments
gl)_ch) % * Enhance Bering Climate web page
3| —C.Z = ¢ Establish NPCREP web page

8. DELIVERABLES

NPCREP will supply the following products for NOAA and public use:

* Ecosystem monitoring network

¢ Real-time dissemination of data through the Internet

* Analyses and results from network observations, retrospective and process studies
* Ecosystem dynamics models

* Assessments and forecasts of ecosystem status

8.1. TIMELINE

This section will be developed following initial review of this plan.

9. PROGRAM STRUCTURE

The NPCREP program will borrow from proven administrative structures that have fostered suc-
cessful outcomes for other NOAA and joint NOAA-academia research programs (Macklin,
1999; Macklin et al., 2002). The objective is to provide scientific leadership with focus and

? 30 sea-day contribution from OAR augments sea days shared with NOAA/FOCI. NOAA pres-
ently allocates no sea days to NPCREP.

28



NORTH PACIFIC CLIMATE REGIMES AND ECOSYSTEM PRODUCTIVITY

flexibility, responsiveness to stakeholders’ needs, rapid dissemination of information, and a leg-
acy network and data archive.

Table 4. Scales of effort to implement NPCREP.

Strategy Activity Level of Effort
$3Mand 90 shipdays | $6 M and 150 ship days | $10 M and 200 ship days
Geographic Region
BS BS and GoA BS, AT and GoA
Ecosystem | ® Biophysical platforms: | © Biophysical platforms: | ® Biophysical platforms:
monitoring 5, real-time data dis- 8 incorporating new sen- 15 incorporating new
network semination sor technology, real-time sensor technology, real-
* Drifters: 3 ARGO data dissemination time data dissemination
floats, 1 glider and 25 | * Drifters: 5 ARGO | * Drifters: 10 ARGO
satellite-tracked drifters floats, 2 gliders and 40 floats, 3 gliders and 50
*  Ship surveys: two bio- satellite-tracked drifters satellite-tracked drifters
physical cruises; one | ® Ship surveys: three | ® Ship surveys: four bio-
0 zoo/ichthyoplankton sur- biophysical cruises; two physical cruises; three
5] vey; one age-O juvenile zoo/ichthyoplankton sur- zoo/ichthyoplankton sur-
-] fish, marine mammal, veys; two age-0 juvenile veys; three age-0 juve-
= and seabird survey fish, marine mammal, nile fish, marine
s *  Observations of plank- and seabird surveys mammal, and seabird
= ton and benthic prey, and | © Observations of plank- surveys; three forage fish
g predator/prey interac- ton and benthic prey, and surveys
= tions during the main predator/prey interac- | * Observations of plank-
feeding season tions during the main ton and benthic prey, and
* Remote sensing: se- feeding and other sea- predator/prey interac-
lected images of ocean sons tions during all seasons
color and temperature for | * Remote sensing: se- | * Remote sensing: se-
selected regions lected images and lected images of ocean
monthly summaries of color and temperature for
ocean color and tempera- selected regions
ture

Retrospec- | * Highest ranked retro- | * Two highest ranked | ® Three highest ranked
2 tive  and spective study, two high- retrospective studies, retrospective studies,
5 process est ranked  process three  highest ranked four highest ranked proc-
_Zoi studies studies, and one dedi- process studies, and two ess studies, and three
= cated cruise dedicated cruises dedicated cruises
,‘; Biophysi- ¢ Develop conceptual | * Develop conceptual | *  Develop conceptual
§ cal models models models models
2 ¢ Develop and couple | * Develop and couple | * Develop and couple
= models (ocean circula- models (ocean circula- models (ocean circula-
= tion, NPZ, upper trophic tion, NPZ, upper trophic tion, NPZ, upper trophic

level) level) level)

Ecological | ¢  Single, integrated, | ®* Two alternative fore- | ® Multiple forecast ap-
= forecasting forecast model for SE cast models with en- proaches; enhanced pre-
; fs) Bering with reliable pre- hanced predictive dictive capabilities for
9 % dictive capability in 9 capability for the SE the SE Bering, W GoA,
< years Bering and W GoA (7 and Aleutians (5 years)

years)
- Web sites | © Conduct regional needs | ®* Conduct regional needs | ® Conduct regional needs
g 8 E and pub- assessment assessment assessment
52 & lishing ¢ Disseminate regional | ® Disseminate regional | ®* Disseminate regional
A s data and ecosystem as- data and ecosystem as- data and  ecosystem
~ sessments sessments assessments
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9.1. MANAGEMENT

The program will be managed by a team consisting of a senior scientist from each of the primary
research institutions involved in NPCREP. This will include, at least, a scientist from the NOAA
Fisheries’ Alaska Fisheries Science Center and a scientist from NOAA Research’s Pacific Ma-
rine Environmental Laboratory. Academic leaders, e.g., from the University of Alaska, will be
involved, as well. A program coordinator will assist program managers with communications,
planning, and execution.

9.2. ADVISORY BOARD

An advisory board of extra-program stakeholders, NOAA Climate Team and Line Office repre-
sentatives, and scientists will provide guidance to program managers. Principal guidance will be
in developing and modifying scientific teams, objectives and deliverables. The advisory board
would perform periodic critiques of the program.

9.3. SCIENCE COUNCIL

A science council will be formed from senior program scientists and managers. The science
council will provide a forum for scientific discipline representation, operational planning, and
information synthesis.

9.4. DATA MANAGEMENT

Data from NPCREP’s monitoring network, retrospective and process studies, and modeling en-
deavors are recognized as one of the program’s most important assets. Accordingly, all program
participants will enter into a data agreement to insure data quality, delivery, and accessibility. A
data manager will enforce the program’s data policy, provide program and public access to real-
time information, archive program data, and cooperate with regional, national, and international
ocean observing systems.

9.5. INFORMATION TRANSFER

The program will maintain intranet and Internet web sites for documentation and transfer of in-
formation to program personnel and to stakeholders. All data will include necessary thematic,
semantic and syntactic descriptors for cataloging in the North Pacific Ecosystem Metadatabase
and dissemination to the Global Ocean Observing System.

10. RELATIONSHIP TO OTHER PROGRAMS

NPCREP builds on the award-winning, internationally recognized FOCI program, an early ex-
ample of successful, cross-Line-Organization, cooperative, applied research. NPCREP’s goals
complement the NOAA program “Fisheries and the Environment” that funds research linking
ecosystem indicators to stock assessment advice. Additional bases for NPCREP are other nation-
ally and internationally recognized programs within the AFSC. NPCREP will leverage informa-
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tion from a number of regional, national, and international programs. These include NOAA
Fisheries stock assessment surveys, Hokkaido University Faculty of Fisheries research programs
in the Gulf of Alaska and Bering Sea, ongoing research by the North Pacific Research Board and
the Exxon Valdez Oil Spill Trust Council’s Gulf Ecosystem Monitoring and Research program,
Alaska Department of Fish and Game’s salmon program, University of Alaska Institute of Ma-
rine Science, and NASA remote sensing products division. Through its development and instal-
lation of regional ecosystem monitoring networks, NPCREP will contribute to Alaska, US, and
global ocean observing systems. NPCREP will work closely with the North Pacific Marine Sci-
ence Organization (PICES) in assessing the status of North Pacific regional ecosystems. This
program will have strong ties to the National Science Foundation’s developing Bering Sea Eco-
system Study (BEST).

11. NATIONAL IMPLEMENTATION

NPCREP has been designed as the first of six regional NOAA Climate and Ecosystem programs
for the nation. The regions are: 1) Gulf of Alaska and Bering Sea/Aleutian Islands, 2) Northwest
Atlantic (New England), 3) Eastern North Pacific (California Current), 4) Northwest Atlantic
(Southeast U.S.), 5) Pacific Islands, and 6) Gulf of Mexico. Each regional program will address
NOAA'’s strategic goals and the needs of the nation in its geographic domain. Regional pro-
grams are to be brought online every two years with full implementation of each program within
four years of initiation. A science plan will be submitted the year before implementation begins.
A national Executive Council consisting of representatives from each region, plus a representa-
tive from the Climate Board and each contributing Line Organization will guide the national im-
plementation. Also at the national level, serving the Executive Council, will be a Scientific
Steering Committee, a Data/Information Management Working Group and a Policy Implementa-
tion Working Group. Each working group will consist of equal representation from each of the
regions.
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13. BUDGET ($ MILLIONS)

As originally proposed:

NOAA FYO04 FYO05 FY06 FYO07 FYO08 FY09 FY10
LO
Fisheries 1.5 1.2 1.2 3.5 4.0 4.0 4.0
Research 0 0. 0 1.0 1.5 2.0 3.0
TOTAL 1.5 1.2 1.2 4.5 5.5 6.0 7.0
As adopted by Climate Goal Team for PPBES:
NOAA FYO04 FYO05 FY06 FYO07 FYO08 FY09 FY10
LO
Fisheries 1.5 1.2 1.2 2.0 2.0 2.0 2.0
Research 0 0 0 0 0 0 0
TOTAL 1.5 1.2 1.2 2.0 2.0 2.0 2.0

37




NORTH PACIFIC CLIMATE REGIMES AND ECOSYSTEM PRODUCTIVITY

14. APPENDIX — LIST OF ACRONYMS

AFSC Alaska Fisheries Science Center

Al Aleutian Islands

AO Arctic Oscillation

BEST Bering Sea Ecosystem Study

BS Bering Sea

EEZ Exclusive Economic Zone

ENSO El Nifio/Southern Oscillation

EOS Ecosystem Observing System

FOCI Fisheries-Oceanography Coordinated Investigations
GoA Gulf of Alaska

IBM Individual-Based Model

LME Large Marine Ecosystem

MSA Magnuson-Stevens Fishery Conservation and Management Act
NOAA National Oceanic and Atmospheric Administration
NPCREP North Pacific Climate Regimes and Ecosystem Productivity
NPFMC North Pacific Fishery Management Council

NPZ Nutrient-Phytoplankton-Zooplankton

oy Optimum Yield

PDO Pacific Decadal Oscillation

PICES North Pacific Marine Science Organization

PMEL Pacific Marine Environmental Laboratory

SAFE Stock Assessment and Fishery Evaluation

SAM Statistical Age-structured Model

SLP Sea Level Pressure

SR Stock Recruitment

SST Sea Surface Temperature
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