()

CSIRO

Development of a user-friendly
desktop tool based on existing
Atlantis runs

seaview

Fulton, E.A., Gorton, R., Hepburn, M. and Johnson P.

Proiect No. 2010/043
Final Report - March 2013

Fisheries Research and Development Corporation

http://www.frdc.com.au/ ' Fn Dc

DEVELOPMENT CORPORA



Fulton, E.A., Gorton, R., Hepburn, M. and Johnson P., 2013. Development of a user-
friendly desktop tool based on existing Atlantis runs. FRDC 2010/043 Final Report.
CSIRO. Hobart

ISBN 978-1-922173-37-9



Enquiries should be addressed to:
Dr Beth Fulton

Head of ecosystem modelling

CEO Science Fellow

CSIRO Marine and Atmospheric Research
GPO Box 1538

Hobart

Tasmania 7001

email: beth.fulton@csiro.au

phone: +61-3-62325018

Distribution list

The Librarian, CSIRO Division of Marine Research GPO 1
Box 1538 Hobart Tasmania 7001

FRDC, Locked Bag 222, Deakin West, ACT 2600 5
The National Library - Legal Deposit Unit, Canberra ACT 1
2600

SETFIA, PO Box 1125, Lakes Entrance, Victoria 3909 1
Australian Fisheries Management Authority, Box 7051, 1

Canberra BC, CANBERRA ACT 2610

ComFRAB 1

Copyright and Disclaimer

© 2011 Fisheries Research and Development Corporation and CSIRO. To the extent
permitted by law, all rights are reserved and no part of this publication covered by
copyright may be no part of this publication may be reproduced by any process,
electronic or otherwise, without the specific written permission of the CSIRO and
Fisheries Research and Development Corporation.

Important Disclaimer

The authors do not warrant that the information in this document is free from errors or
omissions. The authors do not accept any form of liability, be it contractual, tortious, or
otherwise, for the contents of this document or for any consequences arising from its
use or any reliance placed upon it. The information, opinions and advice contained in
this document may not relate, or be relevant, to a readers particular circumstances.
Opinions expressed by the authors are the individual opinions expressed by those
persons and are not necessarily those of the publisher, research provider or the FRDC.



CSIRO advises that the information contained in this publication comprises general
statements based on scientific research. The reader is advised and needs to be aware
that such information may be incomplete or unable to be used in any specific situation
and that the authors do not warrant that the information in this document is free from
errors or omissions. No reliance or actions must therefore be made on that information
without seeking prior expert professional, scientific and technical advice. To the extent
permitted by law, CSIRO (including its employees and consultants) excludes all liability
to any person for any consequences, including but not limited to all losses, damages,
costs, expenses and any other compensation, arising directly or indirectly from using
this publication (in part or in whole) and any information or material contained in it. The
authors do not accept any form of liability, for the contents of this document or for any
consequences arising from its use or any reliance placed upon it. The information,
opinions and advice contained in this document may not relate, or be relevant, to a
readers particular circumstances. Opinions expressed by the authors are the individual
opinions expressed by those persons and are not necessarily those of the publisher,
research provider or the FRDC.

The Fisheries Research and Development Corporation plans, invests in and manages
fisheries research and development throughout Australia. It is a statutory authority
within the portfolio of the federal Minister for Agriculture, Fisheries and Forestry, jointly
funded by the Australian Government and the fishing industry.



Contents

1. Non Technical SUMMaArY.....c.cciiiiiiiiiii i e s 4
2. Acknowledgments......cciiiciciiiiiiassiniiiiss s s s s a 6
3. Background ......ccciiiiiiiiiiiiii i e 7
L 1 - - 9
5. ODbJectives .iiiccciiiiiiiiiiiiiiii s i i s an 9
6. Methods...coooiiiiiiii i i 10
6.1 SIMUIAtION LIDrary .. ..o 10
6.2 Visualisation Portal..........ooo i 13
A © 111 1+ 1 7 17
8. Benefits and adoption.......c.coiiiiiiii i e 17
9. Further Development........cccoiiiiiiiiiii i rrrrrr s rraas 18
10. Planned OoUtCOMES . cueeiiiiiiiiiiniiiie e rrrii s s rraan s rrnnnnn s 20
11. CONCIUSIONS ..uuniiiiiii i nii e rrr i s s s s rraanrrnananns 22
= =1 =Y 1 o= 23
Appendix 1 — Intellectual Property .......ccviiiiiiiiminiincarrni e rnnnnnnes 24
Appendix 2 — Staff .....ccoii i 24
Appendix 3 — Technical Document: User Guide ................cccenvvnenninn. 25
APPENDIX C - Contents .......ciieiiiiiiieicniis s rnssni s s r s e e 27
1. Background ......coceiiiiiiiiiiii i i e 28
1.1 WAL iS SEAVIEW ...ttt e et e e e e e e e e e e e e eeeas 28
1.2 The concept of Management Strategy Evaluation ............cccccoiiiiieen 28
R T N =10 LSS 29
1.4 Using a case study to garner general reSults .............ccccconiiiiiiiiiii e 30
2., Getting Started ........ccciiiiiiii e 32
2.1 ENTEIING SCAVIEW ..oiiiiiiiii ettt 32
2.2 Disclaimer — what does it MeaN?.........oooi i 33
3. SUMMAry Page ...ccooimiiiiiiia i rr i s nr e 34
3.1 Selecting the data.........ooiiiiiiii e 35
3.2 SUMMANY tADIE ..o 36
3.3 MOVING t0 tiIME SEIIES...ccci it 36
4. Time series Page .....ccciviiimiiiiiiiiiia i ni s rn s 37
4.1 Selecting the data........coooi i 38
4.2 TiME SEHES PIOL ...t e e e e e e e e e e e e e e eeee s 39
4.3 MOVING 10 MEPS ...eeririieiieieee ettt e e r e e e e e e s e s e e e e e e e e e e s eneees 39
5. Map Page ..o i e 40
5.1 Selecting the data.........oooiii e 41
52 Themap detailS ... 42
5.3 Moving through tiMe ... 43



5.4  Comparing OULCOMES. ... ....ciiiiiiiiie ittt 44
6. Getting Help....ccov i s e e 45
6.1 Background information .............c.cooiiiiiiiiiii 46
8.2 GlOSSAIY .ttt e e e e 46
6.3 AlthINGS [8GAI....cciii i 47
6.4  CoNtACNG US ..o a e 47
6.5 Are we missing a key scenario, strategy or indicator?............cccccceiiiiiiiiiiiiin s 48

7. Worked example.....ccivviiriininiisismsnrsmssrsrresnssasssnsnssnnnsnnnnnnns 49



List of Figures

Figure 1: General conceptual structure of the software ... 13

Figure 2: Example of the status table view. Indicators (scenarios and strategies of interest) are
selected from the menus on the left; arrows indicate degree of change of the indicator from
the start of the scenario and by hovering the mouse over the arrow it is possible to the

exact [evel Of ChaNGe. ... 14
Figure 3: Example of the aggregate time series view, showing relative change through time in

LU TSI T To [e7=1 o] = S 15
Figure 4: Example of the map view, which can display relative spatial distributions through time.

............................................................................................................................................. 15
Figure 5: Example of multiple view for comparing different runs and indicators. ...................... 16

Figure 6: Example of time series view that shows users a time series for that indicator either at
a specific location (accessed by clicking the map page). .......cooooiiei e 16

Figure 7: Coverage of ecosystem models (a) around Australia and (b) around the world. Such
coverage (once loaded into the portal) means that even if the specific system of interest is
not covered then an analogous one may be accessible (as a first source of insights). Yellow
represents functioning models, blue models under active development and purple ones are
areas covered with the whole of system model InVitro, which can also be served up using
L1 TSN oo i = | 19

List of Tables

Table 1: List of Atlantis runs included in virtual simulation library to date. Simulations marked
with “AMS” were originally created for the Alternative Management Strategies for
Commonwealth Fisheries (SESSF) project. And those marked “new” were run in response
to requests from AFMA during the life of this project. Finish this from glossary page.......... 11



NON TECHNICAL SUMMARY

1. NON TECHNICAL SUMMARY

2010/043 Development of a user-friendly desktop tool based on existing
Atlantis runs

PRINCIPAL INVESTIGATOR: Dr E.A. Fulton
ADDRESS: CSIRO Marine and Atmospheric Research
GPO Box 1538
Hobart, Tasmania 7001
Email: beth.fulton@csiro.au
Telephone: +61 03 6232 5018

OBJECTIVES:

1. Develop an easily accessible desktop software application to allow fisheries
stakeholders to analyse ecosystem model output and gather information on
potential ecological and economic impacts of changes in the fisheries system due to
alternative fisheries management arrangements.

NON TECHNICAL SUMMARY:

OUTCOMES

The seaview model portal has been made public, so that industry and managers a like
can explore potential futures for Australia’s federal fisheries, beginning with the
Southern Eastern Scalefish and Shark Fishery. This should provide easily accessible
insights into how the fishery and ecosystem may fare under alternative management
regimes and external pressures, like climate change. While the site has only recently
gone live, at a workshop with AFMA managers, so far there has been a very positive
response. Any one interested in the modelling, or providing feedback, they can access
it at http://www.csiro.au/seaview/ or contact seaview@csiro.au.

Fisheries Managers often need to rapidly explore possible impacts of a range of
potential changes to a fishery. These may take the form of changes in fuel and fish
prices, environmental shifts (e.g. climate change) or alternative fisheries management
regulations.

Like flight simulators, ecosystem models can show what might happen if the
environment changes or if managers make a decision to move management of the
fishery in one way or another. Unfortunately, it can take years (and cost millions) to
build models of system as complex as any one of Australia’s federal fisheries. This is
simply too slow to be of use for many of the rapid turn around questions management
bodies are presented with on a daily basis. Nevertheless, the decisions still need to be
made and would benefit from system-level strategic information if it were available.
Managers and the fishing industry alike would gain significant insights into the fishery if
they had the ability to explore potential changes without the need to undertake specific
research projects.
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NON TECHNICAL SUMMARY

This need was identified in 2010 by AFMA managers, leading to a call for tools to fill
this gap. In response a library of ecosystem model runs has been drawn together that
spans a large number of potential management strategies and environmental
scenarios. These runs have been accessible via a user-friendly portal (web interface)
that can be explored from the user’s desktop.

In the short term this tool is applied around a library of runs set up for south eastern
Australian waters (the Southern Eastern Scalefish and Shark Fishery), but other
regions will be added to the library as models become available for those regions (over
the next couple of years). In addition, other data sources used by fisheries managers
and the fishing industry could potentially be served up in the same portal. Making it a
one-stop data portal for fisheries relevant information; providing the means to
interrogate complex information about marine systems and gain general insights into
their function and implications of different forms of management — ultimately supporting
sustainable management of Australia’s fisheries and biodiversity.

KEYWORDS: Atlantis, ecosystem modelling, desktop portal, sustainable
management.
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BACKGROUND

3. BACKGROUND

For ongoing sustainable management of Australia’s marine environment it is important
to supply both managers and industry members with information that will allow for
informed decisions. This will allow for the fishery members to be prepared and
responsive to future system shifts and policy challenges. Tools of most use for
information support in this context are those founded on a sound risk-based and
integrated approach. End-to-end ecosystem models have been recognized as an
effective tool that has just such a grounding. One such model, Atlantis, explicitly
includes the major driving processes from the physical realm, up through the
biogeochemistry of nutrient cycling and production, to the spectrum of ecological
processes and components that form marine ecosystems and on to the social and
economic drivers shaping the behaviour and outcomes for commercial and recreational
fisheries sectors active in the marine realm. At present these kinds of models require
expert interpretation and specialist commission on a case-by-case basis, which can
prove a drawn out and costly enterprise. Communication of their content would be
much more effective if it were in a form where anybody could integrate it and it could
be deployed rapidly as new (short turn around) issues arose. One way of doing that is
to create a library of any existing runs (augmented by a select set of addition runs to
cover any existing potential policy gaps and the range of most likely future issues) that
can be interrogated quickly as needed. This will obviously not cover every single
possible future situation, but should still be able to provide considerable insight for a
wide range of possible questions and can form the core of a library that could be
periodically augmented in the future as new issues (not covered in the original library)
come onto the policy horizon.

A key component of such a tool would be ease of use. Fortunately, over the last 10
years there have been significant advancements in the visualization and presentation
of complex information to stakeholders (from the general public through to senior
departmental advisers). With the correct use of summary statistics and visualisations
complex information on the state of the environment and the industries dependent on it
can be effectively communicated. This means that it is now feasible to effectively link a
visualization interface to a library of pre-run simulations that cover a broad set of
potential management options and conditions.

The advent of broadly available fast internet access has also made web delivery of
such services a viable option, reducing the need to handle installation of software and
maintenance of upgrade distributions. Thus web browsers will be used as the portal
platform to allow access to the interface and library. The basic form of the interface and
the library infrastructure behind it is generic and deployable in any location with an
Atlantis (or potentially other multispecies) model. As a case study example the marine
waters in southeastern Australia are currently uniquely placed to benefit from tools like
this. This is because there has already been a significant investment in implementing
and employing Atlantis-SE (an Atlantis for the SESSF), which is currently the most
advanced and well tested of any in the world. The waters around southeastern
Australia are amongst some of the most productive in Australia, but they are also some
of the most intensively exploited within the EEZ and they are also expected to be some
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of the most significantly affected by global change. The Atlantis model developed for
these waters, both for Commonwealth and State jurisdictions, includes the broader
regulatory context of the system (including closures, incentive-based structures and
gear controls). Consequently, insights drawn from Atlantis-SE can provide information
on the implications of potential changes to the SESSF in terms of biophysical as well
as social and economic impacts. Importantly the insights gained from interrogating
Atlantis-SE are not constrained to only being applied in that immediate region. While
any findings would need to be applied with care to other ecosystems, general findings
on potential sensitivities of different forms of management and the resilience of
different ecological structures and social and economic situations could be informative,
as background or supporting information, for other systems where large management
questions have arisen. As a result investment in visualization software for a library of
existing runs will have broad scale benefits, both directly (for providing infrastructure
that can be extended into the future for new scenarios and systems) and indirectly (by
providing generic insights that can inform management decisions across many
systems).
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4. NEED

Fisheries Managers often need to rapidly explore possible impacts of a range of
potential changes to a fishery (for example, changes in fuel and fish prices,
biophysical, environmental and economic drivers of the fishery, and alternative
fisheries management regulations). Unfortunately, the preparation and implementation
time involved in an end-to-end ecosystem modeling project (e.g. the Alternative
Management strategies for commonwealth fisheries) means that delivery time is
typically years (likely 3-4 years) at a potential cost of millions. This is simply too slow to
be of use to many of the rapid turn around questions management bodies are
presented with. However, the decisions that need to be made would benefit from
system-level strategic information if it were available; and fisheries managers and other
stakeholders, including the fishing industry, would gain significant insights into the
fishery from the ability to explore such changes without the need to undertake specific
research projects.

To this end the best approach is to pre-emptively create a library of runs that span a
large number of potential management strategies and scenarios of interest and to have
it to hand as an accessible data source through a user-friendly interface that can be
explored from the user’s desktop. This need has been identified by key stakeholders,
like the AFMA managers and lead to the ComFRAB call for this project. In the short
term this tool is best developed and applied around a library of runs set up for
southeastern waters and the SESSF, but the benefit can be much broader than that —
both in terms of creating a framework for future use with other Atlantis (or multispecies)
model output and indirectly by providing a way of interrogating a complex marine
system to gain general insights into their function and implications of different forms of
management.

Concerns about computing resources and administration issues reinforced the need for
a generic, web-based interface which could be extended to new locations and new
models (including serving up stock assessment or multispecies or habitat models) as
they become available.

5. OBJECTIVES

The single objective of the project was to develop an easily accessible desktop
software application to allow fisheries stakeholders to analyse ecosystem model output
and gather information on potential ecological and economic impacts of changes in the
fisheries system due to alternative fisheries management arrangements.

2010/043 Desktop Atlantis «+ December 2011 9



METHODS AND OBJECTIVES

6. METHODS

The project was made up of two parts:

1) Creation of a set of simulations to act as the core of the library - to cover a broad
range of management strategies and contextual scenarios.

2) Creation of visualisation portal (GUI) for interacting with the virtual library of runs.

Both of these will be summarised briefly below.

6.1 Simulation Library

The simulations used to populate the library of simulations were of two forms. A first
set of simulations was drawn together as the foundation of the virtual library (see Table
1). This set has come form two sources.

The first are updated version of previous simulations requested by the Australian
Fisheries Management Authority. Many of these simulations had been performed
based on a model calibrated to the state in 2005, but a lot has changed in the fishery
since then due to the federal restructure. Consequently it proved necessary to
recalibrate the fishery and management sub-models to match the current state of
management in the SESSF.

The second set of simulations were drawn together through email conversations with

AFMA and in a one-day workshop held on Feb 22" 2011 at AFMA in Canberra. This
workshop was also used to gain feedback on the first prototype of the GUI.
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Table 1: List of Atlantis runs included in virtual simulation library to date. Simulations marked with “AMS” were originally created for the Alternative Management
Strategies for Commonwealth Fisheries (SESSF) project. And those marked “new” were run in response to requests from AFMA during the life of this project.

Option Note Details

Management Strategy

Status Quo 2000 AMS

Status Quo 2010 New

Quota management dominated AMS Quota management extended to majority of groups

Extensive spatial management AMS 85% of all current fishing grounds closed

Integrated management AMS Mix of management levers used

Small homeranges vs marine reserves Gulper shark home ranges (150km) vs extent of spatial closures (various sizes from 8 to 40% with
reserves either single large contiguous closures or a mosaic across the SESSF)

Large homeranges vs marine reserves Gulper shark home ranges (1000km) vs extent of spatial closures (various sizes from 8 to 40% with
reserves either single large contiguous closures or a mosaic across the SESSF)

Small pelagics fisheries management Alternative options for extent and kinds of management for small pelagics fishery (with the
intensive exploitation of squid, small pelagic fishes, mesopelagic fishes and mackerel

Spatial management — South Australian New Large fisheries specific closure

waters shut to gillnet

Spatial management — longlining on shelf ~ New Large scale change in spatial management, with longlining allowed in all shelf boxes

Taxes on bycatch groups Taxes applied on bycatch species ($1/kg for whales and seals and $5/kg for dolphins)

Deemed values for bycatch Using deemed values as a means of changing incentives on excess catch of target species (0.5 *
sale price / kg)

Quotas on bycatch Extension of quotas to bycatch species (7t for whales caught in shark net fisheries; 750kg of
dolphins for seine fleet and 250kg for the shark net fleet; halving vs values in 2010 for seals for all
fleets that incidentally capture seals)

Effort penalties to reduce bycatch Use of individual transferable effort and differential effort penalties in areas with high bycatch levels

Companion quota — strong link Companion quotas based on the most robust stocks

Companion quota — weak link Companion quotas based on the most vulnerable stocks

Gear shifts — reduced discards New Forced reduction in discards for specific gear types

Gear shifts — altered catchability New Forced changes in catchabilities for specific gear types

Seasonal management — closures New Introduction of seasonal closures (e.g. around spawning periods)

Seasonal management — limited effort Introduction of seasonal rules on days at sea

Seasonal management — input controls

Seasonal management — time of day

fished

Multi-year TACs New As for status quo, but the TAC can be caught over a period of 3 years instead of in a single year
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Option Note Details
Harvest control rules — tier 3 New All species are treated as tier 3 in the harvest control rule
Harvest control rules — tier 4 New All species are treated as tier 4 in the harvest control rule
Change in size limits New

Change in trip limits

Altered frequency of stock assessments
Change in quotas — one step reduction
Change in quotas — slow reduction

Climate Scenarios
No climate change

Climate effects — temperature shifts
Climate effects — acidification

Climate effects — cumulative effects

System Specifications
Low overall productivity (pessimistic)
Intermediate productivity

New

Stock assessments performed annually, or every 2 or 5 years
For example reduction in blue-eye quota by 20%
For example reduction in blue-eye quota by 5% per year for 5 years

Conditions between 1990-2005 repeated through time with no climate change shift in the
environment

Running forward status quo 2010 simulation under climate conditions defined by global climate
models

Running forward status quo 2010 simulation with ocean acidification impacts

Running forward status quo 2010 simulation under climate conditions defined by global climate
models, with ocean acidification impacts

To cover system uncertainty — system productivity at the lower bound of observed levels
To cover system uncertainty — system productivity at most likely level based on observed levels
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6.2 Visualisation Portal

The visualisation method used was to create a web portal for accessing a range of
data, stored in a database and distributed over the web from a central server. The
visualisation software has been based around a the structure given in Figure 1. With
the virtual library maintained on CSIRO servers delivered to the desktop of interested
parties via webservices.

’-\ﬁ
C
€

I

™
| & - -
' &
=

Figure 1: General conceptual structure of the software

The webservice includes everything needed to interrogate the library of runs. The five
main components of this software are documentation and help pages to outline how to
use the software, what the different views are presenting and how to contact the
development team to request new simulations or identify bugs.

The other four sections of the software are for reporting results from the simulations.
These sections are:

(i) A status table view (Figure 2) that allows users to identify system scenarios,
management strategies of interest and key indicators of interest and how the indicators
map versus objectives under each of the scenario-strategy combinations. Based on the
traffic light approach (red = objective not met, amber = objective on the margin, green =
objective met) after consultation with AFMA we have moved to arrows. This decision
was made to ensure that even colour blind people will immediately recognise the visual
cues for the indicator status. Mouse overs will also indicate information on
management strategies, indicators and deviation of the indicator from the objective
(and associated uncertainties).

2010/043 Desktop Atlantis «+ December 2011 13



METHODS AND OBJECTIVES
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Figure 2: Example of the status table view. Indicators (scenarios and strategies of interest) are selected
from the menus on the left; arrows indicate degree of change of the indicator from the start of the scenario
and by hovering the mouse over the arrow it is possible to the exact level of change.

(i) A time series aggregate view that provides users a view of indicators at the whole of
system (i.e aggregate) level (Figure 3).

(lii) A map view (Figure 4) that allows users to explore the spatial outcome of the model
runs. A time slider allows for exploration through time. It is also possible to bring up
multiple maps (e.g. from different management strategies) to see how the results differ
in the different cases (Figure 5). It is also possible to click on a specific location and
bring up a time series for that indicator at that location (Figure 6).

14 2010/043 Desktop Atlantis + December 2012



METHODS
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Figure 3: Example of the aggregate time series view, showing relative change through time in the
indicators.
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Figure 4: Example of the map view, which can display relative spatial distributions through time.
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Figure 5: Example of multiple view for comparing different runs and indicators.
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Figure 6:
Example of
time series
view that
shows users a
time series for that indicator either at a specific location (accessed by clicking the map page).
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OUTPUTS, BENEFITS, ADOPTION AND FUTURE DEVELOPMENTS

7. OUTPUTS

This is not a typical research project, rather it produced a web portal. The portal has
been distributed to AFMA and is publically available, if industry wants to evaluate
options too. To date it has been used to provide information to AFMA and industry as
topical issues arise and to supply information on potential climate change implications
for southeast fisheries. More broadly the true magnitude of the outputs and outcomes
of this project can only be judged into the future, as people become more familiar with
it and it really begins to see use. The re-use in the SEAP project (and the favourable
response gained there), as well as interest internationally — from the US National
Oceanic and Atmospheric Administration, for delivery of the US Atlantis products to
NOAA'’s local stakeholders — indicates that the work has provided a good foundation
for rapid model delivery and that the objectives have been well met.

8. BENEFITS AND ADOPTION

To date AFMA managers have been the major beneficiaries. Industry members or
representatives have discussed access as part of SEAP (e.g. Martin Exel of the
Commonwealth Fisheries Association, Neil Stump of the Tasmanian Fishing Industry
Council) or more generally (e.g. lan Knuckey of Fishwell, Simon Boag of SETFIA) and
lan Knuckey is helping the project team organise targeted industry training sessions
and briefings in early 2013.

As people more readily see the benefit of the approach when they have a specific
question to ask the industry uptake has been greatest in relation to seaview’s use in
the SEAP climate adaptation project. SEAP project workshops (which include
regulators and industry representatives) focus on simulation exploration using seaview
and this has proved how successful the approach is — with follow up questions being
directed to us as a result. In addition, the portal is being used as a major means of
delivering those results to a broad audience — both at port visits but also via regular
email updates or all known users when new sets of scenarios are uploaded.

Again it is too early to know whether the access to model results will lead to operational
level in behaviour and prices, though it is likely that the biggest impacts would be
through evidenced based decision making. The true uptake and impact will only
become clear with time, as the tool is used. However an early indication of the potential
of the approach can be seen in the following beneficiary responses from lan Knuckey:

| have viewed and operated the Seaview front-end of the Atlantis model developed
by Dr Beth Fulton. It is reasonably easy to use and intuitive once you understand a
few basic steps. It has a good glossary, background information and user guide to
assist people in understanding what can be modelled and what it means. | am
impressed with the huge level of information and research that has gone into the
Atlantis project, but what makes it special is that the web-based Seaview front end
allows simple management scenarios to be quantitatively evaluated against
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FURTHER DEVELOPMENT

various indicators for specific species / species groups as well as other important
fishery indicators. | would like to thank Dr Fulton for recognising that too often
access to tools such as Atlantis is restricted to the few with programming capacity
or government/agency connections. The construction of the SeaView front end to
Atlantis brings these tools within reach of a far broader group of end users. | look
forward to the extension and broader use of this package, but will be very
interested to see how it is used (constructively or not) by various stakeholders. If
information/knowledge is power, then open access to Seaview will definitely “Give
power to the people”.

And Martin Exel (Chair, Commonwealth Fisheries Association):

Thanks for our second interactive session yesterday on SEAP [using seaview]. |
think it's going to be an invaluable tool for industry, science, conservation groups,
and management alike. | believe it will be instrumental as a tool for education on
climate change scenarios, as well as a powerful information base for consideration
of future management actions.

The Seaview approach for analyses with pictorial outputs and its ease of use is
particularly valuable, as it provides interested operators, scientists and managers
the opportunity to evaluate different risk scenarios and strategies themselves,
when determining their views on future options. In addition, it provides the perfect
base for “beginning the conversation” amongst all groups, and information can be
continually added to the program as it becomes available.

Thanks again for the work you’ve done on drawing this information to together. I'm
looking forward to the final version and gaining a much improved understanding of
future changes in marine resources as a result of climate change in the south-east
region of Australia.

9. FURTHER DEVELOPMENT

There is much scope for future development of the portal in response to new
opportunities and feedback from users. The two major potential directions of future
development mirror the two major aspects of the project.

First is the expansion of the library of simulations. At present the library only contains
runs from Atlantis-SE. Obviously new scenarios and management strategies run for
that region can be easily uploaded. In fact, this library of runs is already expanding in
response to conservation (e.g. gulper sharks) and climate issues. The library can be
further expanded by adding in new regions as models become available. For instance,
models for Victorian and Tasmanian coastal waters and the Clarence River in NSW will
be added quite rapidly. Moreover, a large proportion of Australian waters are being
modelled using Atlantis (Figure 7), with new models being developed in northeast and
southwest Australia. These will automatically be added to the library once complete.
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The second major potential expansion is the extension to new data types or to other
models. For example monitoring data streams, other multispecies models (e.g.
ELFSim, Little et al 2007) or assessment models (such as Wayte and Fay 2007 or
those summarised in Smith and Wayte 2003) could all be delivered through the one
portal, if that was considered useful by users.

(@)

Climate & management

Multip CRVEER =1 [

™
(o

Climate and fisheries impacts

O Existing models
Proposed

Figure 7: Coverage of ecosystem models (a) around Australia and (b) around the world. Such coverage
(once loaded into the portal) means that even if the specific system of interest is not covered then an
analogous one may be accessible (as a first source of insights). Yellow represents functioning models,
blue models under active development and purple ones are areas covered with the whole of system model
InVitro, which can also be served up using the portal.
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10. PLANNED OUTCOMES

The compilation of the library of runs, the post processing of those runs and the
construction of the visualization software has delivered to the following project
outcomes:

(i) Two half day workshops with AFMA have begun to provide and understanding for
AFMA managers about how changes in a complex system (including changes to
management, but also components of the system like environmental variability, fuel
prices etc.) translate to implications for fisheries and aquaculture and their markets.
This understanding will grow through training exercises (some were held in 2012, with
more to come in 2013) and more exposure to the portal, as it becomes a more
regularly used tool.

(i) Discussions held during the second workshop (November 2011) indicated that the
more senior managers rapidly benefited from exposure to the portal, increasing their
understanding sensitivity and risks and ecological, economic and social impacts of
changes. Less experienced managers will need on-going support and additional
training. It is anticipated that online training sessions (2012) and port trips to be held in
2013", will likewise show a differential speed of uptake and appreciation of uncertainty
amongst industry.

(iii) Post workshop discussions again showed that more experienced managers more
readily identified issues around system adaptive capacity highlighted by the modelling
results. Intended support will help less experienced users learn about this for the model
runs; and this form of learning has been made a central component of consideration for
the Atlantis-based SEAP project (where the portal is being used as a means of
conveying the results of climate runs and alternative adaptive strategies to a broad
audience).

Given that Atlantis-SE is the only model currently available via the portal, it is likely that
those managers associated with decision-making in the SESSF region will be the
primary beneficiaries. However, the general level of interest already shown (particularly
by bycatch managers) during the workshops indicates that the benefits extend beyond
the SESSF to generalised insights that can be more broadly applied across AFMA's
jurisdiction. To date only a limited number of RAG or industry members have seen the
portal in detail, but the invitation is open and familiarisation workshops will be run in
conjunction with SEAP workshops in 2012/2013.

While it will remain to be seen what the true level of use of the portal is long term,
based on initial feedback it looks like the interface has the potential to inform managers
and substantially reduce the risk of the unsustainable harvest (or other adverse

! These port visits will initially target industry with interest in the south east of Australia
—e.g. SETFIA, Seafood Industry Victoria, state fisheries bodies (e.g. for rock lobster,
abalone, prawns and scallop) in Tasmania, Victoria and South Australia.
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impacts) on a species and to improve the cost efficiency of the industry (associated
with their effort allocation behaviour) and management.
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11. CONCLUSIONS

Fisheries Managers often need to rapidly explore possible impacts of a range of
potential changes to a fishery. These may take the form of changes in fuel and fish
prices, environmental shifts (e.g. climate change) or alternative fisheries management
regulations.

Like flight simulators, ecosystem models can show what might happen if the
environment changes or if managers make a decision to move management of the
fishery in one way or another. Unfortunately, it can take years (and cost millions) to
build models of system as complex as any one of Australia’s federal fisheries. This is
simply too slow to be of use for many of the rapid turn around questions management
bodies are presented with on a daily basis. Nevertheless, the decisions still need to be
made and would benefit from system-level strategic information if it were available.
Managers and the fishing industry alike would gain significant insights into the fishery if
they had the ability to explore potential changes without the need to undertake specific
research projects.

This need was identified in 2010 by AFMA managers, leading to a call for tools to fill
this gap. In response a library of ecosystem model runs has been drawn together that
spans a large number of potential management strategies and environmental
scenarios. These runs have been made accessible via a user-friendly portal (web
interface) that can be explored from the user’s desktop, meeting in full all of the
objectives of this first step data and model delivery project.

In the short term the seaview model portal has been made public based on a model of
the SESSF fishery; this is so that industry and managers a like can explore potential
futures for that particular fishery, but also garner more general insights into the
complex dynamics of a large exploited marine ecosystem. In addition, other data
sources used by fisheries managers and the fishing industry could potentially be
served up in the same portal. Making it a one-stop data portal for fisheries relevant
information; providing the means to interrogate complex information about marine
systems and gain general insights into their function and implications of different forms
of management — ultimately supporting sustainable management of Australia’s
fisheries and biodiversity.

While the site has only recently gone live, at a workshop with AFMA managers, so far
there has been a very positive response. Any one interested in the modelling, or
providing feedback, they can access it at http://www.csiro.au/seaview/ or contact
seaview@csiro.au. Workshops to raise awareness about the tool in the broader fishing
community will be held in 2012/2013 in conjunction with a series of meetings held as
part of the SEAP modelling work (where the portal will be used to deliver the outcome
of Atlantis modelling done to provide insight into climate adaptation and forms of
potentially robust fisheries management).
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APPENDIX 1 — INTELLECTUAL PROPERTY AND APPENDIX 2 — STAFF

APPENDIX 1 — INTELLECTUAL PROPERTY

The new intellectual property created in this study was the portal, which used new
coded webservices or existing open source webservices.

The Atlantis modelling framework already existed and is the intellectual property of
CSIRO and funding bodies — primarily FRDC, but it has also been supported by grants
from a range of bodies including NOAA (US) Gordon and Betty Moore Foundation and
the David and Lucille Packard Foundations.

APPENDIX 2 — STAFF

The list of team members who worked on this project are: Beth Fulton (Elizabeth
Fulton), Mark Hepburn, Bec Gorton and Penny Johnson. All employed by CSIRO
Marine and Atmospheric Research.
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APPENDIX 3 — TECHNICAL DOCUMENT: USER GUIDE

The following document is the user guide for using the portal, also available via a link
on the portal so that it is easily accessible by users

seaview

/5

User Guide

seaview Software Team
email: seaview@csiro.au
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This user guide is for use with the seaview visualisation software; created by the CSIRO with
the support funding from the Fisheries Research and Development Corporation on behalf of
the Australian Government

Enquiries should be addressed to:
seaview@csiro.au

or

Dr Beth Fulton

Head of ecosystem modelling
CEO Science Fellow

CSIRO Marine and Atmospheric Research
GPO Box 1538

Hobart

Tasmania 7001

email: beth.fulton@csiro.au
phone: +61-3-62325018

© 2011 CSIRO
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1. BACKGROUND

1.1 What is seaview?

Fisheries Managers often need to rapidly explore possible impacts of a range of potential
changes to a fishery (for example, changes in fuel and fish prices, biophysical, environmental
and economic drivers of the fishery, and alternative fisheries management regulations). For
ongoing sustainable management of Australia’s marine environment it is important to
supply both managers and industry members with information that will allow for informed
decisions. This will allow for the fishery members to be prepared and responsive to future
system shifts and policy challenges. seaview was created to help fill this role; it is a
visualisation tool for exploring the output of models of marine ecosystems.

Marine ecosystem models are typically quite complicated, typically taking years to develop.
This is simply too slow to be of use to many of the rapid turn around questions management
bodies are presented with. In addition, until now these kinds of models have required expert
interpretation and specialist commission on a case-by-case basis, which can prove to be a
drawn out and costly enterprise. It does not make sense however, to put so much effort into
their creation and then keep them stored away and little used. Fishery members are
regularly faced with decisions that would benefit from system-level strategic information.
Thus the communication of the content of marine ecosystem models would be much more
effective if it were in a form where anybody could integrate it and it could be deployed
rapidly as new (short turn around) issues arose. One of the best ways of doing that is to pre-
emptively create a library of runs that span a large number of potential management
strategies and scenarios of interest (augmented the library new runs to cover potential
policy gaps and future issues as they arise) that can be interrogated quickly as needed.
seaview was created to fill this communication role; presenting summary statistics and map-
based visualisations on the state of the environment and the associated fisheries through a
user-friendly interface that can be explored from the user’s desktop.

seaview is generic and deployable in any location where there is a model. While originally
developed for ecosystem models like Atlantis or InVitro, it is generic enough it could load the
output from any model, including assessment models or simpler multispecies models. This
means that seaview could be come a model “data portal” allowing managers and industry
members to go to a single location (and use the one piece of software) to access all model
based information on the system, or question, of interest. The first model loaded is the
Atlantis implementation in southeastern Australia, this will rapidly expand to include more
locations and more model types. Users are encouraged to check regularly for updates or to
contact seaview@csiro.au to register for update notices.

1.2 The concept of Management Strategy Evaluation
The models supplying the data to seaview are based on the Management Strategy

Evaluation (MSE) approach. This is a simulation technique based on modelling each part of
the adaptive management cycle (the natural world, including the fished stocks, the industry,
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reporting and monitoring, assessment and management decision and enforcement
processes — see Figure 1). The method does not try to find some optimal solution based on a
single model. Instead the consequences of alternative hypotheses (typically management
strategies) are evaluated by checking for robustness of the results within the simulated
system. This is like using the model as a “flight simulator”, or test bed, trialling the
management strategy in the model to see how well it delivers in absolute terms and relative
to alternative strategies.

MSE was originally developed more than 20 years ago for considering alternative fisheries
management strategies and is now accepted internationally (e.g. by the FAO) as a best
practice approach for considering management questions. A detailed review of the history
of the technique can be found in Butterworth and Punt (1999)" and Sainsbury et al. (2000)°._

MSE DESIGN AND BIOPHYSICAL SIMULATION CYCLE
ANALYSIS - environment (currents,

bathymetry & climate)
- resources (flora & fauna) \
- impacts ‘

INDUSTRY
DEFINE - development\

|
| |
| |
| |
I |
I |
| |
| |
| |
I |
I |
| I
| 5 A

I OBJECTIVES - exploitation MONITORING :
: - multiple fleets - observers I
| (behaviour & gears) - surveys |
: IMPLEMENTATION - reporting :
[ - economic pressures |
: (costs, markets, trading) |
1 - effort allocation I
| & gear choice :
| - investment I
' PERFORMANCE - social pressures ASSESSMENT ||
I MEASURES - public perception - estimation |
: - ports \ - classification | |
: ‘ MANAGEMENT / Sl !
: - decision rules I
I JUDGING (harvest strategy) |
[ OUTCOMES - all levers |
| (input & output) |
[ - management |
| costs |

Figure 1: The management strategy evaluation cycle

1.3 Atlantis

End-to-end (or whole of system) ecosystem models, like Atlantis, have been recognized as
an effective tool for providing a risk-based assessment of management options. Atlantis is
called “end-to-end” as it explicitly includes the major driving processes from the physical
realm, up through the biogeochemistry of nutrient cycling and production, to the spectrum
of ecological processes and components that form marine ecosystems and on to the social
and economic drivers shaping the behaviour and outcomes for commercial and recreational

2 Punt, A. E., and Smith, A. D. M. (1999) Harvest strategy evaluation for the eastern gemfish (Rexea
solandri). ICES Journal of Marine Science, 56: 860—875.

3 Sainsbury, K.J., Punt, A.E. and Smith, A.D.M. (2000) Design of operational management strategies for
achieving fishery ecosystem objectives. ICES Journal of Marine Science, 57: 731-741
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fisheries sectors active in the marine realm (see Figure 2 for a conceptual diagram of all
Atlantis’ component parts).

NOTE: While models like Atlantis can provide insights into the relative merits and potential
unintended consequences of different management strategies, they must still be used with
caution. Models are only ever cartoons of a system. Moreover, ecosystems are highly
complex things and it is highly unlikely that a model can capture the complete set of the
nuances of their function. Consequently, there are times (e.g. new sets of conditions) when
their projections will be off the mark, miss some never before seen feedback dynamic. This
means that model output should only ever be used as one source of information on a topic
and not the only source. Furthermore, large-scale models like Atlantis are only robust when
used in the kind of relative ranking and comparative mode that underlies the MSE approach.
Atlantis should not be used to set tactical management targets (e.g. quotas).

SOCIAL & ECONOMIC
Social networks

=

Climate FISHING
Recreational /é -
N \ BIOPHYSICAL @ Commercial
N

Oceanography &% / P -\“) €——> Profits, costs & markets
. @ gp% A
& geochemistry v /
Food web ¥ / 3
& habitat @ @
. e @ @ ® N | w
LYJ Other industries, Lobby groups
~
Catchments & Inflows . /
a
./L’ -7 Management
‘) actions
Industry statistics -
Monitoring Decision rules
ASSESSMENT MANAGEMENT

Figure 2: Conceptual model of Atlantis components and connections

1.4 Using a case study to garner general results

The first model loaded into seaview was an Atlantis model located in southeastern Australia,
which is the only location globally where the full Atlantis suite has been applied (with the
environment, biological groups and social and economic processes and feedbacks all fleshed
out). This reflects a significant investment in implementing and employing Atlantis-SE (an
Atlantis for the Southern and Eastern Scalefish and Shark Fishery (SESSF)), a decade of effort
has been put into making the model, refining it, testing it and updating it with new data on
an annual basis. While the model obviously has immediate application in the SESSF, the
insights gained from interrogating Atlantis-SE are not constrained only to immediate region.
While any findings would need to be applied with care to other ecosystems, general findings
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on potential sensitivities of different forms of management and the resilience of different
ecological structures and social and economic situations could be informative, as
background or supporting information, for other systems where large management
questions have arisen. The waters around southeastern Australia are amongst some of the
most productive in Australia, but they are also some of the most intensively exploited within
the EEZ and they are also expected to be some of the most significantly affected by global
change. The Atlantis model developed for these waters, both for Commonwealth and State
jurisdictions, includes the broader regulatory context of the system (including closures,
incentive-based structures and gear controls). Consequently, insights drawn from Atlantis-SE
can provide information on the implications of potential changes to the SESSF in terms of
biophysical as well as social and economic impacts.
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2. GETTING STARTED

The following sections will describe the different parts of seaview and act as a guide to
seaview’s use. The screen shots are from an earlier version, but all of the functionality and
directions is the same. If you have any issues or suggested changes around this user guide
please contact us at seaview@csiro.au.

2.1 Entering seaview

seaview is accessible at http://www. csiro.au/seaview/

The first page is an introduction to the idea behind seaview. To continue to the viewer itself
click Enter.

seaview

Some of the greatest challenges to sustainable management are accounting for uncertainty,
dealing with cumulative effects and unintended consequences, and dealing with mismatches
between objectives across different sectors or user groups. Setting and meeting
environmental, economic and social objectives requires system understanding. Models are a
good tool for providing understanding of systems and the implications of different management
options. The aim of decision support tools, such as Atlantis is to provide a science-based
foundation for those involved in the use and management of natural resources. The idea is to
use the Atlantis model to explore potential futures under a wide range of development
scenarios and management options. Essentially the model can be used as a ‘test-beds’ for
management actions ahead of time, to try and gain insights and avoid potential missteps. This
website is a means of exploring the library of outputs from Atlantis.

Click to enter seaview
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2.2 Disclaimer — what does it mean?

It is important that users understand that the models behind seaview (e.g. Atlantis) are not
crystal balls, they are only models. Thus we have tried to drive home that seaview must be
used with careful though, and as only one source of information, by putting conditions of
use up front. Once you have read these conditions, tick the “l agree to these terms and
conditions” check box and a continue link will appear. Click Continue to enter the main part
of seaview.

e

@ SEAView AFMA — Overview

€ C i © www.test.csiro.au/seaview/southeast/disclaimer.html Pk

W

CSIRO

»
b

seaview

Itis a condition of using this model that you agree that:

i. You (the user) is responsible for decisions made as a result of viewing model output in this
software package

ii. You understand and agree with the assumptions built into the model (contact Beth Fulton at
CSIRO for details of these assumptions)

iii. You understand that the model cannot predict exact ecosystem dynamics with 100% fidelity
to any specific situation, but only provides indicative dynamics and comparative performance
of alternative management strategies.

1 agree to these terms and conditions: &

Continue.....

Please read the disclaimer and
then tick this check box for
the continue link to appear

Click to enter seaview
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3. SUMMARY PAGE

The first real content page of seaview is the summary page.

Table of the selected indicators is drawn here
(it automatically expands as extra selections are made)

@ SEAView AFMA — Summary %

Link to background
information on the models

&« C i  © www.test.csiro.au/seaview/southeast/sum

iflseaview

CSIRO

Indicators Summary

S|
Status Quo x

‘cenario:

‘ Base Level Climate - x

Pessimistic
‘ummary Indicators:

STRATEGIES | Status Quo

SCENARIOS

Base Level Climate

Choose Summary Indicators |

lpecies I Mackerel Biomass

|| Biomass [+]

'ishenes Indicators:
I Choose a Fishery Indicator l v |

‘pecies:

I\ Mackerel x |

Fisheries:

Midwater trawl for
cephalopods

Update Table

;—J

Contact Disclaimer Copyright Glossary

Contact details
of seaview
SURREIEEAT Disclaimer around

appropriate use

Copyright and

Menus for selecting the legal details

management strategies,
environmental scenarios,
indicators, species and
fisheries of interest
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3.1 Selecting the data

To select data to display in the Indicators Summary table, click on items in the menus on the
left of the page (marked with the orange box below). You must choose at least one entry
from each menu of the Strategy and Scenario menus and then chose the specific indicators
from the other menus. Note that at present it is not possible to simultaneously select
Summary, Species and Fisheries indicators

There is a separate menu for each part of the choice:

(i)  Management strategy: a description of the details of what management
options are used in each strategy can be found in the glossary.

(i)  Scenario: these set the broader context for the simulations (e.g. background
climate state) and a description of what is entailed in a scenario can be found in
the glossary.

(iii)  Summary Indicators: these are whole of system indicators, more details
about these indicators and whether they are ecological, economic, social or
industry based can be found in the glossary. Multiple indicators may be
selected.

(iv)  Species indicators: these are the types of actual indicators to plot (e.g.
biomass, catch etc.), more information on these indicators can be found in the
glossary.

(v)  Fisheries indicators: these are fisheries indicators to plot (e.g. effort or CPUE),
more information on these indicators can be found in the glossary.

(vi)  Species: for species-specific indicators species of interest must be selected
(e.g. if you select the Biomass indicator you also need to select the species you
want the biomass for). Multiple species may be selected.

(vii) Fisheries: some of the indicators refer to specific fisheries so the fishery of
interest must be selected (e.g. if you select the Effort indicator you also need to
select the fishery you want the effort for). Multiple fisheries may be selected.

Once the menu choices are complete click Update Table to display the final table of results.

@ SEAView ATMA — Summar

€« CcCH WWW.test.c8iro. au seaview/ southeast/ sumeary. htm| o AR
I""l' s
rqseaview
csino
’ wtey N Indicators Summary
8

tatus Quo =
STRATEGIES | Status Que

Sceras
Base Lovel Climate - x
Pessmistic

SCENARIOS

Mockerel Biomass.

_J Click to update table

' ( (if greyed out then the table is up to
date, make a new selection to
reactivate the button)
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3.2 Summary table

The selected indicators are shown in the Summary Table. There is one column for each
strategy or scenario and one row for each indicator selected (in the case of species or
fisheries specific indicators there is one row for each indicator for each species/fishery.

If the value of the indicator increases by more than 10% from the start of the run to the end
a green upward pointing arrow is shown; if the indicator decreases by more than 10% this is
shown by a red downward point arrow; if the change is less than +/-10% an orange two
headed arrow is used instead. If you hover the mouse over an arrow and a text box will pop
up showing the exact increase/decrease in the value of that indicator.

0009/ .!umuln Summary

) wwwtest.csiro a0/ se

@’,

Indicators Summary

Status Owo %
e s ( Name of the strategy
Bmm:w- x|
SCENARIOS g e
o i ; Name of the scenario

Mouse over to see exact value

Indicator changes by
less than +/- 10%

Indicator decreases by
more than 20%

Indicator increases by
more than 20%

3.3 Moving to time series

To move from the Indicator Summary page to S

C A 0 o - aa

the Time Series page (to see a time series for an C> seav1ew _

indicator) click on the arrow for that indicator in

the Indicator Summary Table. A loading page is

shown while the time series data is loaded (this

may take some time as the virtual library of run
grows).
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4. TIME SERIES PAGE

Sometimes a summary is not enough and a time series for the indicator(s) is desired.

Click to return to
Summary page

Link to background
information on the models

Time series plot

000
@ SEAView AFMA — Aggregate

€« C ff | ® www.test.csiro.au/seaview/southeast/agdilegate. htmli#indicator=13&strat=08&scen=0
csiRO
User Guide | Summary
. IS
t Aggregate Time-Series .
[ Status Quo x | Time-Series

Ling Biomass — Status Quo [Base Level Climate - Pessimistic]
Blue grenadier Biomass — Status Quo [Base Level Climate - Pessimistic]

Base Level Climate - x|
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hoose a Fishery Indicator l v

08
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06
Update Plot
04
Click to see
map page
02
2006-1-1 2008-1-1 2010-1-1 2012-1-1 2014-1-1 2016-1-1 2018-1-1
View on map
Contact Disclaimer Copyright Glossary 4
Contact details
of seaview
support team Disclaimer around Description of what each of
; the strategies and scenarios
: appropriate use .
Menus for selecting t'he Clopy:lght ?Ind entails (i.e. what management
ma'nagement strategl.es, egal details levers are used, level of
e'nV|ronmentaI sc'enarlos, climate change etc.) and what
indicators, species and the indicators represent.

fisheries of interest
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4.1 Selecting the data

To select data to display in the Indicators Summary table, click on items in the menus on the
left of the page (marked with the orange box below). You must choose at least one entry
from each menu of the Strategy and Scenario menus and then chose the specific indicators
from the other menus. Note that at present it is not possible to simultaneously select
Summary, Species and Fisheries indicators

There is a separate menu for each part of the choice:

(i)  Management strategy: a description of the details of what management
options are used in each strategy can be found in the glossary.

(i)  Scenario: these set the broader context for the simulations (e.g. background
climate state) and a description of what is entailed in a scenario can be found in
the glossary.

(iii)  Summary Indicators: these are whole of system indicators, more details
about these indicators and whether they are ecological, economic, social or
industry based can be found in the glossary. Multiple indicators may be
selected.

(iv)  Species indicators: these are the types of actual indicators to plot (e.g.
biomass, catch etc.), more information on these indicators can be found in the
glossary.

(v)  Fisheries indicators: these are fisheries indicators to plot (e.g. effort or CPUE),
more information on these indicators can be found in the glossary.

(vi) Species: for species-specific indicators species of interest must be selected
(e.g. if you select the Biomass indicator you also need to select the species you
want the biomass for). Multiple species may be selected.

(vii) Fisheries: some of the indicators refer to specific fisheries so the fishery of
interest must be selected (e.g. if you select the Effort indicator you also need to
select the fishery you want the effort for). Multiple fisheries may be selected.

Once the menu choices are complete click Update Plot to display the final plot of the
results.

LY p—

« C# WWW.LESLCSIr0.au/ seaview/ southeast/ aggregate htmidindicator = 1 3strataOdscen

wlseaview

csino

f« wGy \ Aggregate Time-Series
Status Ouo T

Ung Blomans — St Guo [ase Loved Clmase - Possimatc

Base Lovel Cimate - oer Bomass — Pates Guo Bae Lvel Gt - Pessme!
Pessimistic

Crooes a Fishery Indicator |

Uing x| Blus grenadier

View o map

Click to update plot
(if greyed out then the plotis up to
date, make a new selection to
reactivate the bujcton)
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4.2 Time series plot

The selected indicators are shown in the Aggregate Time-Series plot. The y-axis is the
relative value of the indicator (value at time t relative to the starting value). The legend is
shown in the top right corner.

000

Legend

@ SEAView AFMA — Aggregate %

€« C i  ® www.test.csiro.au/seaview/southeast/aggregate.html#indicator=13&strat=0&scen=0 wa

()

CSIRO

User Guide Background Information Summary

Strategy: Aggregate Time-Series
| Status Quo x Time-Series
Scenario: Ling Biomass — Status Quo [Base Level Climate - Pessimistic]
Base Level Climate - x 12 Blue grenadier Biomass — Status Quo [Base Level Climate - Pessimistic]
Pessimistic
Summary Indicators:
| Choose Summary Indicators ‘ 10 -
Species Indicators:
[ Biomass [+]
Fisheries
| Choose a Fishery Indicator ‘ v] 08
Species: A
Ling x | | Blue grenadier x |
06
Fisheries:
All
Update Plot
04
02
2006-1-1 2008-1-1 2010-1-1 2012-1-1 2014-1-1 2016-1-1 2018-1-1
View on map
Contact Disclaimer Copyright Glossary 7
Relative value of the indicator
Click on viewonmap  to see a spatial @ E=E i
map of the indicators. A
loading page is shown while the map data
is loaded (this may take some time as the
virtual library of run grows).
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5. MAP PAGE

Spatial time series can be important for some indicators, especially of there are strong
changes in the distribution seasonally or through time.

Menus for selecting the management . Click to return to
. . Link to background
strategy, environmental scenario and Summary page

. . information on the models i
indicator of interest Click to
return to
Time Series
C @ seAview|\FMA — Spatial B page
€ cCfH ® .test.csiro.au/seaview/southeast/details.html#strat=0&scen=0&indicator=>5 a
] seavie
CSIRO
User Guide _Ballkaround Information mar o-Series
q enario” peciesinaicator”
| Status Quo v ‘ ‘ Base Level Climate - ... | v ‘ ‘ Gemfish Biomass
Zoom ¥ 5 Clickto see a
second map
(so you can
compare two
cases)

Atlantis map)

> 2016-3-11

07.15 6.556 -~ _
Contact Disclaimer Copyright Glossary

Contact details
of seaview
support team

Time slider (slide
along to see new

Description of what each of I g

the strategies and scenarios
entails (i.e. what management
levers are used, level of
climate change etc.) and what
the indicators represent.

Disclaimer around

appropriate use Copyright and

legal details
Legend for the colouring of the

indicator map.

Distance scale bar
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5.1 Selecting the data

To select data to display in time series plot, click on items in the menus along the top left of
the page (marked with the orange box below). You must choose one entry in each menu.

There is a separate menu for each part of the choice:

(i) Management strategy: a description of the details of what management
options are used in each strategy can be found in the glossary.

(ii) Scenario: these set the broader context for the simulations (e.g. background
climate state) and a description of what is entailed in a scenario can be found
in the glossary.

(iii) Indicator type: these are the actual indicators to plot (e.g. biomass, catch
etc.), more information on the full list of indicators and whether they are
ecological, economic, social or industry based can be found in the glossary.

Once the menu choices are complete the map plot will automatically redraw itself.

@ scAview AFMA — Spatial B

€ C i © www.test.csiro.au/seaview/southeast/details.html#strat=0&scen=0&indicator=5 v oa [
csIrRO
User Guide Background Information Summary _Time-Series
Sonai.

Status Quo v I [ Base Level Climate - ... | v | l Gemfish Biomass ;]

0.0

o >  EEEE—— y 2016-3-11
o2 CEE—— ) B

107.18333, -26.81667 -~ ~
Contact Disclaimer Copyright Glossary
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5.2 The map details

There are a number of map controls to help get more finely resolved details. To see a time
series plot of the indicator in a specific box click on that box (click 3 in the top right corner
of this time series plot to close that view). To zoom or pan the map use the control on the
left hand side of the page, which works quite like that of google earth and other mapping
programs — press the + to zoom in and — to zoom out, to pan the page press on the compass
arrows.

@ SEAView AFMA — Spatial B

€« C ff | © www.test.csiro.au/seaview/southeast/details.html#strat=0&scen=0&indicator=5 % a

]seaview

CI. k t User Guide Background Information Summary Time-Series
Ic 0 Strategy: Scenario: Species Indicator:
[ Status Quo + | [ Base Level Climate -

... [ +] [ Gemfish Biomass

pan

Gemfish Biomass

Gemfish Biomass

Zoom in

Zoom out

5 2.7 2007-7-24  2010-1-10  2012:6-30  2015:0-16 2017-6-5  2019-11-22

> EE— Y 2016311

Contact Disclaimet

l Copyright Glossary

Detailed time series plot (click on a box to open
this view and then click the small red cross on the
top right corner to close it again).
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5.3 Moving through time

To move the map through time use the time slider at the bottom of the page (see orange
box below).

You can manually move the slider to a specific time by dragging on the slider tag, or you can

@ SEAView AFMA — Spatial B

€« C i | ® www.test.csiro.au/seaview/southeast/details.html#strat=0&scen=0&indicator=5 vl a

lseaview

Strategy. Scenario: Species Indicator:
‘ Status Quo v‘ [ Base Level Climate - ... | v | | Gemfish Biomass

User Guide Background Information Summary Time-Series

0.0

|&""_I ] 7)) 2016311
200 m ( _

107.18333, -26.81667 " a~

play the spatial time series by pressing the play button. The speed of the play back is set by
dragging the speed tag between the tortoise (slow) and the hare (fast). To stop the play back
press the stop button (the play button swaps to the stop button and vice versa as it is
pressed).

Play (stop) Slider tag (marks the point in the time series)

w v \l, y 2013110

( )
J

A 0)

Slow

Fast Date stamp of the pointin
the time series currently

Speed tag being shown
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5.4 Comparing outcomes

It is possible to compare to indicators (either two indicators from the same strategy-scenario
or the same indicator from different strategies or a mix). To expose the second map click the
small dot on the right of the map page.

Click to
expose
the
second

This second map is controlled in the same way as the first map. The two maps use the same
time slider, but each map has its own indicator menus (at the top of the individual maps),
legend and zoom/pan control.

@ Stviow AT — Soucal ¢

€ O i O wewtestcsiroau/seaview] southesst/details Mmibstrat=Odscen=OBindicat a

ajseavie HACIHIG

Status O Base Level Cimate -] [ ce

Status Ow +| [ Base Lovel Cimate + | [ Srastow water prscrvo
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6. GETTING HELP

Background information on the models behind seaview is available via a link in the top right of
each screen (see orange arrow below), while a glossary of terms, contact details, a copyright
statement and a disclaimer are all accessible from every page of seaview via the links at the
bottom of the page (e.g. see the links marked with the orange box below).

Link to background information

| @ SEAVIew ATMA — Summary | %

€« C i © www.test.csiro.au/seaview/southeast/summary.html oA
csiro
VewrGuide Bastareund intormation
Strateqy Indicators Summary
i Status Quo » i RIS ESSIENE PR
STRATEGIES | Status Quo
N.l"ull(: ) |
Base Lovel Ciimato - x §
Passimistic £
‘ SCENARIOS ¥
Summary Indicators: ‘E
7 1 2
§ Owoss Simeory Indicas | @
| Biomass. «]
| B S |

Update Table

Coctact Desciaimer Cooyright Giossary

45



6.1 Background information

The background information will open in a popup

window. This window provides some of the same
background as the first part of this user guide, but
also provides a bit of a description of Atlantis,
adaptive management in general and the

BOD @:xnvem aria - sure

Background Information
Attartia
Partis s sn engiend for whola o eyvien] wads that can be wied 1 wglen

management strategy approach —including some T TR W S I
potentially useful references and papers on how L R

raragesnt seciion
Ghern of Norvan uae and baavur i 2 and Finre 3

Atlantis has been used in the past (e.g. in the SESSF).

Once you are finished with the background
information click the cross in the top right corner to
close it and return to the main pages of seaview.

6.2 Glossary

There is a lot of jargon and
definitions used around
ecosystem models and
management that can be hard to
keep track of. To make it easier
we have included a glossary of
terms, which is accessible by a
link on the bottom of all the main
pages in seaview.

The glossary contains a short
description of each of the
environmental scenarios and
management strategies used.
The full paramerisations aren’t
provided here, if these are
required please contact the
seaview team at
seaview@csiro.au. Note that
when comparing results its
helpful to have a reference case
to anchor the evaluation. In that

Click to print

@ SEAView AFMA — Summary %

Glossary

Specification

Ecosystems are uncertain, as there is simply so much to try and observe to

determine their state and their dynamics are very complex. A range of alteative -

parameterisations of Atlantis fit with available observations. However, when
i i ies under a single ification then the

relative rank of the different ies is fairly i Ce only a
couple of model specifications are included in this library — one optimistic about
system ivity and ility and one more imistic (it is likely reality sits
somewhere in between).

Scenarios

Climate Effects

Climate effects will be applied for some simulations (across a range of management
strategies) to provide context for how the efficacy of the management strategies may
change into the future under:

i. temperature shifts;

ii. acidification; and

iii. cumulative effects.

Strategies

» Status Quo - regulations in place in 2010 remain forever
» Historical (2000 forever)
* Quota management dominated (AMS scenario)

Click to close

Click to close

case we would recommend the Status Quo 2010 strategy, as this is how the system would play
out if all of the regulations in 2010 continued on unchanged into the future.

One concept described in the glossary that may be new is that of model “specification”. This is
how ecological uncertainty is handled in the model — how the world is specified. Ecosystems
are uncertain, as there is simply so much to try and observe to determine their state and their
dynamics are very complex. A range of alternative parameterisations of Atlantis is provided,

which all fit with available observations but may have alternative future implications. Its
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comforting to note however, that, for the most part, when comparing alternative management
strategies under a single specification then the relative rank of the different strategies is fairly
consistent. Consequently, only a couple of model specifications are required to give a feel of
the broad potential influence of ecology on the model outcomes. We have included one that is
“optimistic” about system productivity and vulnerability, one that is more pessimistic and one
that sits in between. Based on available data we think reality sits somewhere amongst all of
these.

The final part of the glossary lists the indicators that can be viewed in seaview. There are
literally thousands of indicators that could be used to summarise the results. We have included
a shorter list (around 30), which are both relevant (in terms of the most frequently stated
social, economic and ecological objectives for the system) and have previously been fund to
robustly characterise the state of the system.

Once you’re finished with the glossary, click the cross in the top right corner to close the
popup and return to the main pages of seaview.

@ Staview ATVA — Summar,

[ C O www.test.csiro.au/seaview/southeast/summary. htm|#strat=0&scen=0&indicator=5 A X

6.3 All things legal

If you are interested in the copyright or Copyright Notice
o . . s covtesd by soptipt iy b e f St sy o o .
the legal disclaimer associated with posspioie A B b M o
. . . Note thet Afantis is under a royalty free licence. This means thal interested parties
using seaview, there are links to those M ke o o . bl th ey b 0k 4 el bl i

terms at the bottom of any of the main
pages in seaview. In each case if you
click the link a popup will appear and

@ StAView ATMA — Summar

display either the copyright or € 4 C fi | © wwtestosioaulseavion/southeast/summary mistrat=08scen=08indcator=5 7| & X
disclaimer information.

Click the cross in the top right corner to close the
popup and return to the main pages of seaview. Disclaimer

CSIRO advises that the information contained in this soltware comprises

guidelines on the pctential dynamics of marine systems off south eastem Australia,
based on best avalable scientific inf and and

modeling. Tho reader is advised and neods 1o bo awars that such information may
not be & 100% match for system dynamics in any specifio situation, No refiance or
actions must therefore be made on that information alone without seeking pror expert
lessional, scientific and technical advice. To the extert parmitted by law, CSIRO
(including its employees and consuitants) excludes all Kabilty to any person for any
s Consequances, iIncluding but not kmited 10 Al 06868, AAMA0HS, COSLS, AXPANEes and
6.4 Contacting Us e e compmaadon, alovg deecty sk i g e idostn 1

part or in whole) and any information or materal contained in it

The Atlantis SE model has boen based on data collected on the region as well as
eneral Understanding of the dynamics of marine ecosystems. Considerable caution

Clicking on the Contact link opens a popup with a s aconysiam yrarics ket Margnert saies 3 15

(ormdeonmental) conditions, rather it provides plausible outcomes consistent with
. . . current understanding of the system.

mailto link to Beth Fulton, the project leader of e ma o s

seaview. If you ever need to contact the seaview I You (e use) i responaii for decsiona made s & esut of viewig mode
output in this software package

team you should use the email i You understand ndsgreo with the sssumptons bul ko the model (contact Bath |

. . . Fulton at CSIRO for dotads of these assumptions)
seaview@csiro.au. We have tried to make 5. You undotand ta he model camnt redct sxact sccsystom dyramics wih |

seaview as user friendly and self supporting as
possible, but if you have any troubles please
contact us.

Once you’ve finished with the contact page, click
the cross in the top right corner to close the popup and return to the main pages of seaview.
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6.5 Are we missing a key scenario, strategy or
indicator?

If you feel that there is a major gap in the scenarios, strategies or indicators in seaview please
contact us at seaview@csiro.au. New simulations are easily loaded into the library without any
additional installs required at the user end. Users are encouraged to check regularly for
updates or to contact us and register for update notices.
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7. WORKED EXAMPLE

1. Click Enter on the introduction page

B Ty —

e of tw Feedt ualenje T WASATebe manageTert 31

2. Read the disclaimer
3. Check “l accept to these terms and conditions”
4. Click Continue

[ Taeyr o —

@

seaview

/3

g
bt
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First lets learn how to pick a single strategy, scenario and indicator type

5. Select the Strategy Status Quo Strategy:

‘ Status Quo x

Select the Species Mackerel and Small pelagic fishes
Click Update Table

6. Select the Scenario Base Level Climate — Pessimistic
. . . Scenario:
7. Select the Species Indicators type Biomass Base Loval Climata - -
8. Pessimistic
9.

Summary Indicators:

‘ Choose Summary Indicators |

This should look like the panel to the right here and should result in

Species Indicators:

the summary table below being displayed. Hover the mouse over [ Biomass =
the arrows to see the exact value. Fisheries Indicators:
I Choose a Fishery Indicator v |
Species:
Indicators Summary Mackerel x
Small pelagic fishes %
STRATEGIES | Status Quo
Fisheries:
2 Midwater trawl for
é‘ cephalopods
£
SCENARIOS 2
3
b
5
Mackerel Biomass
Small pelagic fishes e
Biomaspg 9 -
Strategy:
Status Quo x
Next lets try selecting multiple strategies Strong Link Quotas x
10. Select the Strategy Status Quo and Strong Link Quotas S“;”"”"L =
H . e e . ase Level Climate - x
11. Select the Scenario Base Level Climate — Pessimistic and Pessimistic
Increased Temperature Climate e
12. Select the Species Indicators type Biomass
13. Select the Species Mackerel and Small pelagic fishes Summary Indicators:
14' Click Update Table I Choose Summary Indicators |
Species Indicators:
This should look like the panel to the right here and should result in | Biomass ]

Fisheries Indicators:
I Choose a Fishery Indicator v ]

the summary table below being displayed.

Indicators Summary Species:
Mackerel x

STRATEGIES Status Quo | Strong Link Quotas

Small pelagic fishes x

Fisheries:

Midwater trawl for

SCENARIOS cephalopods

Increased Temperat

Base Level Climate
Base Level Climate

'Small pelagic fishes
Biomass

o
o
o
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seaview

If you are interested in see all species for an indicator select the All case under the Species
menu. For instance try: Strategy:

I Status Quo x

15. Select the Strategy Status Quo

16. Select the Scenario Base Level Climate — Pessimistic SC;ZZ"LM — -
17. Select the Species Indicators type Catch Bocoimisio

18. Select the Species All

19. Click Update Table Summary Indicators:

| Choose Summary Indicators |

This should look like the panel to the right here and should result in Sléeacie; Indicators:
the summary table below being displayed. [ Catc d

Fisheries Indicators:
I Choose a Fishery Indicator T]

Indicators Summary

Species:
STRATEGIES | Status Quo | Al % |

Fisheries:

Midwater trawl for

halopod
SCENARIOS cephalopods

Base Level Climate

Mackerel Total Catch

Small pelagic fishes -
otal &cg bt

Shallow water

piscivores Total Catch
una and Billfish Total
atch

School whiting Total

Catch

emfish Total Catch

Blue warehou Total

Catch

Spotted warehou Total
atc

Shallow demersal fish
Total Catch
Flathead Total Catch

Morwong Total Catch

Redfish Total Catch

Deep demersal fishes
Total Catch

Ling Total Catch

Blue grenadier Total
Catch

Blue-eye trevalla Total
atch

Ribaldo Total Catch

Orange roughy Total
atch

Cardinalfish Total Catch

Baleen whales Total

93‘
«HeB>BeB el «

*

.

!

£e
B
3
<
g
-
e
R

g.z
EF{ & EHS
s B
8
2
iy o
o o

=

N ¢

Demersal shark Total

atc|
Pelagic shark Total
Catc

Skates and rays Total -
atch et

Squid Total Catch

Prawns Total Catch

Abalone and Urchins

Total Catch

Rock lobster Total
atch

Scallops Total Catch

Mesopelagic fishes
otal Catc

Seabirds Total Catch
Pinnipeds Total Catch
Dolphins Total Catch

Shallow benthic filter
‘eeders Total Catch
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seaview

To access the Fisheries menu select an Industry indicator (like CPUE or effort — for now catch
and discards are associated with the Species menu only). For example:

20. Select the Strategy Status Quo and GS-sm-8-clumped  Stateay:
(check the Glossary link at the bottom of the page to | S®29®*
see what that strategy entails) Q8-em-é-clumped x

21. Select the Scenario Base Level Climate — Pessimistic i —
L i Base Level Climate - x
Pessimistic and Increased Temperature Climate Pessimistic
22. Select the Fisheries Indicators type CPUE inoroesed Tempermies
23. Select the Fisheries All
24 CIle Update Table Summary Indicators:
| Choose Summary Indicators |
This should look like the panel to the right here and should result o
. X A Species Indicators:
In the Summary table beIOW be'ng d|5p|ayed | Choose a Species Indicator vl
Fisheries Indicators:
Indicators Summary [ cPUE -]
STRATEGIES Status Quo | GS-sm-8-clumped Species:
= ° All
g % CE, Fisheries:
SCENARIOS | % | % 3 All %

Midmtertrav!lrf?rl
Sarcme o 1
Midwater trawl for small

ics Total CPU!
callo dredge Total
Demersal finfish gillnet . . .
Total GPUE = 25. To get to the Time Series page click on an
SrP\TJrlé gillnet Total -

Paage longingror indicator, try Shark Gillnet Total CPUE. You
Iagﬁé)elaglcsTotal
b should see the plot below.

Purse seine for lar

pelagics Total CPl?EeE ¥
Purse seine for small
pelagics Total CPUE E
Lobster pots Total 4+ Aggregate Time-Series

»

PUE
T for finfish Te

Snare piinet Total CPUE — Sunve Guo [Base Level Cimase - Possimistic]
rab trawl Total CPUE 4

Bmtﬂ trawl flgr - 118

cephalopods Tot

CAJUE

Bottom trawl for

deepwater demersal 3 110

ish Total CPUE

Bottom trawl for

flathead Total CPUE

Bottom trawl for orange - 108

roughy Total CPUE -

Midwater trawl for

finfish Total CPUE

D’a;l‘.ljsEh seine Total 4 6

Demersal line for

deepwater demersal

fish Total CPUE

Demersal line for

deepwater piscivorous

ish Total CPUE

Demersal line for :
deepwater shark Total S
ICPUE

Abalone divers Total
PUE +

Purse seine for
piscivorous fish Total
ICPUE

2006-1-1 2008-1.1 2010-1-1 201211 014141 201611 201811

Pinniped harvest Total
PU£ed ¥

Midwater prawn trawl

Total CPUE

Prawn trawl Total CPUE 4

Bottom trawl for
benltjl'éopelagics Total

CP
Midwater krill trawl Total r
PUE

Traps for shallow water
finfish Total CPUE
Demersal line for
hallow water finfish ¥
otal CPUE
Gillnet for shallow water
finfish Total CPUE
Mowing kelp Total
PUEn9 ° ¥

Recreational fishing
Total CPUE
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You are now on the Time Series page. The menus on this page work like those on the Summary

page. For example:

26. Select the Strategy Status Quo and Strong Link Quotas
27. Select the Scenario Base Level Climate — Pessimistic
28. Select the Summary Indicators type Biodiversity

29. Click Update Plot

This should look like the panel to the right here and should result in
the plot below.

Aggregate Time-Series
Time-Series
125 Biodiversity - Kempton's Q — Status Quo [Base Level Climate - Pessimistic]
Biodiversity - Kempton's Q — Strong Link Quotas [Base Level Climate - Pessimistic]
120
1.15
1.10
1.05
1.00
0.95
0.90
0.85
0.80

2006-1-1 2008-1-1 2010-1-1 2012-1-1 2014-1-1 2016-1-1 2018-1-1
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Strategy:

Status Quo x

Strong Link Quotas x

Scenario:

Base Level Climate -
Pessimistic

Summary Indicators:

| Biodiversity X

Species Indicators:

| Choose a Species Indicator

=]

Fisheries Indicators:

| Choose a Fishery Indicator

=]

Species:
All

Fisheries:
Shark gillnet
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Some selections will also activate the View on map button. For instance, try:

30. Select the Strategy Status Quo S"sa:f:s —
31. Select the Scenario Base Level Climate — Pessimistic

32. Select the Species Indicator type Biomass
33. Select Species Ling

34. Click Update Plot

Scenario:

Base Level Climate - x
Pessimistic

Summary Indicators:

| Choose Summary Indicators |

This should look like the panel to the right here and should result in
the plot shown on the next page. Notice that the View on map ISF:C‘GS il o

lomass v
button is now active.

Fisheries Indicators:
I Choose a Fishery Indicator { v]

Species:
| Ling x |
Aggregate Time-Series
Time-Series FiShefieSZ
Shark gillnet

Ling Biomass — Status Quo [Base Level Climate - Pessimistic]

09

08

07

06

05

04

03

2006-1-1 2008-1-1 2010-1-1 2012-1-1 2014-1-1 2016-1-1 2018-1-1

View on map

35. Click View on map to move to the map page shown below.
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36. Click on the Pan and Zoom to move the map around

YRS

€ Cf D onmeger

cW

sea\’

rrrrr

s

37. Drag the time slider to move through time.

38. Press play toﬂay this as a movie.

>

C )y 201310

-~ &~
39. Drag the spZd slider to make the movie play faster or slower
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"X seaview
Now to explore the spatial output use the menus at the top of the screen.

@ seaview AFMA — Spatial
€« C ff © connie.hba.marine.csiro.au/~gorl71/AFMA/detalgitm #strat ~0&scen~0&indicator=22 & A
11
|l
i SEAView AFMA

Sratus Quo %) [ Base Level Climate - Optim & | [ Dogfish Blomass

For example

40. Select the Strategy Weak Link Quotas
41. Select the Scenario Base Level Climate — Pessimistic
42. Select the Indicator Type Ribaldo Biomass

This should look like the panel below.

Strategy Scenario Species Indicator:

[ Weak Link Quotas A | | Base Level Climate - Pessin H | Ribaldo Biomass . \

43. Press play *' to watch how the map changes through time or drag the slider
to the far right and you should see the map shown on the next page.
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The final map page feature is the ability to compare two mapss

44. Click on the small tab on the right side of the page. You should see the two
maps side by side like below.

@ SCAView ATMA — Spatial £

€« cC

#lseaview

csino
Weik Unk Quotss #] [Base vevel Climate - Pessm | [ Wbasos Bomass [ O ) Qo 7] [Base Level Climate - Pesan + | [ Ung Bomens
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The second map is controlled with its own set of menus, pan and zoom. The two maps share a
common time slider.

45. On the right hand map select the Strategy Strong Link Quotas

46. Select the Scenario Base Level Climate — Pessimistic

47. Select the Indicator Type Blue grenadier Biomass

48. Let it play through time. And you should see something like the maps below.

[(Streng Uik Qeotas ) (Wate Level Clmate - Pasuin &
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