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Executive Summary

Stakeholders need accessible, understandable, and usable information for their decision-making needs.

Project CS2.2 conducted wide stakeholder engagement to determine their highest priority needs and delivered
tailored and synthesised information and data. This report summarises the 12 recommendations that were
identified through this work with stakeholders and a gap analysis. The most prominent user need was for a single
location where users could be guided to the most appropriate, and sector-specific information, and to data at the
right level of complexity for their expertise and application. Calls for guidance, training, and support on how best
to use information also emerged as a pressing concern.

Research into existing climate data portals demonstrates much of the required information already exists, but
stakeholder climate literacy and specific information needs are often barriers to this information being applied in
decision-making. This indicates a hub gateway could provide a single trusted location where guidance is
available to help in navigating various sources of complex information available.

The 10 recommendations outlined in this report inform what such a gateway might provide, and how it could be
designed. The hub will draw on these lessons to deliver a gateway for users of varying technical capabilities to

access useable and accessible climate information. This will allow information to be applied more effectively for
environmental decision-making in Australia.




Introduction

The Climate Systems Hub is one of many groups delivering quality climate information and
data related to decision making in Australia. With so much information available users want
to understand what information is most applicable to their decision-making needs and where
they can find it.

Through co-design, stakeholder engagement and collaboration with state and Australian
government knowledge brokers across the country, the hub has summarised the needs of
users to better understand how climate information is used in their decision-making. This has
been done to create accessible and usable information products, as well as to identify links
and guidance to existing scientific products. The common messages from users were that
the existing information is often at the wrong spatial scale, not sector relevant, or is too
complicated. Users also identified gaps to understanding what constitutes suitable data, with
barriers expressed in understanding how to judge information quality, comparability, and
currency. Expert guidance, bespoke visualisations, regionally relevant summaries, and case
studies showing good practise, have been proposed by users as a way of addressing some
of these gaps.

This report details the stakeholder engagement activities undertaken in the project, and an
analysis of the user needs presented by these stakeholders. It aims to inform the next stage
of this work. In particular, the development of a hub gateway, or ‘one-stop-shop’, for relevant
climate information and data to be undertaken under Project 3.2. Analysis of user needs and
of existing data portals informed a gap analysis that further highlighted unmet stakeholder
needs. A proposed set of user ‘personas’ will also aid in focusing further work on
understanding user groups, their information needs, and existing levels of expertise. The
report concludes with options and recommendations on the way forward in developing this
climate information gateway for hub stakeholders.



1. User needs

Project Members have held stakeholder engagement activities since the inception of the hub
with a particular focus on user needs during consultations through this project. These
engagement activities include the following:

¢ Discussions with individual agencies at the Commonwealth level, including DCCEEW
agencies such as Parks Australia, the Heritage Office, and Wetlands Australia, on
their high-level needs for climate information.

e Close collaboration with the state and territories via the Cross Jurisdictional
Community of Practice for Climate Science through the hub knowledge brokering
team, including discussions on their knowledge of information needs at the state and
territory level.

¢ Training workshops on Climate Information for Decision Makers in Perth and
Canberra in November 2022, with pre- and post-workshop surveys and discussions
with participants on their information needs.

e Collaboration with the Australian Climate Service, working together to plan
consistent, complementary information and its delivery.

¢ Research into good practise communications as well as lessons from the Earth
Systems Climate Change Hub under the previous phase of NESP and user feedback
of the Climate Change in Australia (CCiA) website have also informed the projects
understanding of user needs.

Below we summarise the user needs identified to date through these engagement activities.
From this work 12 key categories emerged. For each category, we give (de-identified)
specific requirements provided by individual agencies and stakeholders. The primary focus
of this is to identify information needs, accessibility, and additional resources required to
make information useable. The types of decisions being made by users can be found in
section 4 with key user personas. Engagement with hub stakeholders is a continual process
so this needs analysis will evolve, particularly with the increased knowledge brokering
capacity at the state and territory level.

The main user needs uncovered through this engagement that could be addressed through
integrated communication products, guidance and support, training (both in-person and self-
paced), and a hub gateway to find and gather diverse climate information. While there is
always unique user needs there is also overlap. From consultation with stakeholders these
12 categories emerged:

1. Guidance on accessing, interpreting, and using climate information
Communication products and documentation that explains specific topics, including:

e finding and select the appropriate climate projections for an application, location
or sector, covering scenario, model, downscaling method, spatial and time-scale,
variable, and metric selection

e interpreting climate projections data and apply it to decision making

e understanding, communicating, and dealing with uncertainty, as well as
understanding the best available science.

e choosing the best approach to undertaking risk assessments on climate hazards

e choosing information of appropriate complexity.

Users would also like direct and ongoing advice from climate experts, including training
on these same topics, as well as:
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2.

e guidance on how to get started in finding the most relevant and up to date
information for an application

e authoritative, tailored and considered advice from a trusted source when users
are unsure how to proceed, and can be facing either conflicting or unsuitable
advice.

Information applicable at a user's location

Users have a strong preference for information presented at the location and scale of
interest relevant to them (for example, see point 9 below). Information is not always
presented at the appropriate spatial scale for a user’s application, and this can take
several forms. The information may be presented at too large and/or too low a resolution
to be applicable to their needs. For example, it may be aggregated at the state or natural
resource management region level, whereas information may be needed at the local
government area level or smaller. Many users have stated the requirement for
projections data at finer spatial resolution, so guidance on the meaningful resolution at
which data can be provided may be helpful. Some users have also found gaps in the
coverage of information when aggregated to regional level, such as climate summary
documents that may not cover all areas within a jurisdiction.

Different scales are required for different applications, with many people wanting the
ability to aggregate data at any spatial scale, as well at time periods, beyond those
typically provided (such as 20-year means around 2030, 2070 and 2090). Wherever
possible, information needs to be available in the required level of detail at the spatial
scale of interest. Complimentary guidance on the appropriate scale would help users
understand that the most robust level at which information should be presented is not
always the highest resolution climate models can produce.




3.

Information applicable to a specific sector or decision-making process

The type of data and information that is useful to users depends on the sector or
decision it will inform. For example, wetlands management may be impacted by hazards
such as flooding, drought, sea level rise and coastal inundation. Decision-makers are
interested in knowing changes in water flows, seasonal changes in rainfall and rate of
sea-level rise by location.

There are challenges when providing information targeting sectors or decisions given the
great diversity of needs. The level of information complexity needs to match the skills of
the user. As well, sectors may utilise specific tools or follow particular frameworks that
require data in a particular format.

Despite these challenges, users have stated that being automatically presented with
information relevant to their sector would facilitate their risk assessment (and other)
processes. Building on the need for information applicable at the user's location (see
point 2 above), providing this information at the appropriate spatial scale, and at the
appropriate level of complexity is also highly valued. Cascading complexity level, or the
ability to drill down to more detailed information, would give specialised users access to
the information and data they need, which they could tailor and adapt to their sectorial
needs and incorporate it into third party tools and models.

Information of appropriate complexity — often simplicity is preferred

Many users find the amount of information, and the level of expertise they perceive is
required to interpret and use it effectively, a significant barrier to making climate-related
decisions. The abundance of climate change data portals and information sources can
be overwhelming, with new research and sources becoming available as the science
evolves. The level of assumed knowledge can make climate information difficult to find,
interpret, and integrate into planning tools. In addition, many users lack the expertise,
resources and time to navigate these many data sources and to integrate into their
business processes. The situation is different for technically advanced users, for whom
the need to access datasets quickly and via automatable processes are frequently stated
as important. It can be challenging to ensure such users also understand the limitations
and complexity of working with climate projections data, but users generally would like
tools, skills and resources to enable the integration of climate information to become a
standard part of their business.

Users have stated several specific information complexity-needs:

e Guidance on the best information for a region, sector or business process, and
how to access and use it.

e Simple authoritative, consensus summaries on the future climate, including
climate projections, hazards, or risks, suited to non-technical audiences.

High level summary information for a wide audience.

o Data filtered to the users’ specifications, with the ability to drill down to more
complex information as needed.

e An easy-to-use platform providing a starting point for users to tailor the
information presented to them, and that is maintained with new data and
information sources as they become available.

e Rules-of-thumb to guide decision making, pre-calculated data and key takeaways
or summaries of the information.
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5. A trusted guide to finding the right information

User needs overlap in many ways with information of appropriate complexity — often
simplicity is preferred (point 4). Many users find the amount of climate information
available daunting, and they do not necessarily have the skills to judge the quality of that
information, why it may differ from information available from other sources, or whether it
is fit for their purpose. As such, many users would like a mechanism for navigating this
complex environment. Users have suggested several forms that such a mechanism
could take to meet their needs. These include:

e asimple starting point that enables resources to be tailored to user needs

¢ asingle online platform that provides a gateway to climate information, data,
guidance, and tools and presents an authoritative point of truth

an overview of existing information and where to find it

guidance on using the climate information and applying it

guidance on the appropriate data to use for an application

examples on finding and using appropriate data for a particular situation
guidance and assistance on next steps, including access to climate experts for
advice (covered under point 1).

6. Inter-operability between climate data and other information

As climate information is usually only one type required to make informed decisions,
users have stated the requirement for flexibility to enable comparing, combining, or
overlaying climate information with other datasets or information. For example,
vulnerability assessments may need to combine climate, environmental, socio-economic,
financial, engineering, and/ or cultural data. These may need to be compatible in space,
time, and format. Geospatial data usually needs to be overlaid in GIS software for
comparison in specific formats. Further considerations on the presentation of information
in visual form are presented under point 8.

Even when comparing climate information, data formats, the spatial resolution,
emissions scenarios, and data quality, may not be compatible across sectors. To
facilitate the comparison or overlaying of information from different sources, users would
like to see:

¢ data and visual presentation styles provided in a variety of formats that users can
choose from, such as geospatial data formats, or simple tabular data and charts,
maps, or figures

¢ data from a trusted source that is nationally consistent

e consistency between climate data sets and other data sources, enabled by the
ability to transform format or resolution, and for many time periods

¢ information on the degree of confidence in the data or information

e seamless historical, present, and future projections data in consistent formats,
enabling data sets to be stitched together

¢ new information that can be compared to existing data, such as when new
emissions scenarios and projections are generated.

Climate Systems Hub | Synthesis Communication and Data: Tailored information for stakeholders



7. Up-to-date information

Confidence among users for climate information can be eroded by the perception that
information is outdated. For example, the use of CMIP6 climate projections may suggest
that anything based on CMIP5 is redundant or inferior. While in some cases these
perceptions are valid, such as the RCP8.5 ‘business-as-usual’ scenario no longer being
deemed policy-relevant (though it may still be useful for risk assessments), pre-existing
information is often still highly valuable and useable in many applications.

Some users need details on which data sources were used to generate information
products, as well as guidance on which still have currency and how they can be used.
Users would also like to know the longevity of data sets and their formats (to know when
they might become less useful), and their confidence in pre-existing products or
projections data would increase with guidance on how to compare them with new ones.

8. Data and information presented as visuals, maps, or summaries

The presentation of historical, current, and future climate information and projections,
including hazard mapping, in map-based, graphic or infographic format was seen as
valued by many users to help with:

simplifying the information so it can be more easily interpreted and navigated
making the information more location-relevant

summarising the information at the local, regional (or any other) scale

enabling comparison with other data sets

providing information flexibly to enable its use in conjunction with other business
processes

e providing tools to communicate climate information to a wide range of audience,
including less technical stakeholders, such as advising policy and decision
makers or community members.

9. Guidance on using climate information for risk assessments

Conducting risk assessments and applying the results to adaptation planning is a key
process for many users. As a result, accessing data and information that aligns with risk
assessment methodologies is a key need. In particular, users stated that:

¢ they need an authoritative source of data and methods of incorporating climate
information into planning and risk mitigation decisions

¢ data needs to be in appropriate formats and complexity for the application. First
pass risk assessments generally require high level, summary information.

e data needs to be inter-operable and comparable with other datasets such as
those used to assess exposure and vulnerability (Inter-operability between
climate data and other information, see more under point 6)

e guidance is needed on finding and selecting the right information

e risk assessments often use specific data variables, such as likelihood, frequency,
timing of exceedances, and hazard information — where they impact, and
changes in location, timing, frequency, and strength.

10. Information on climate hazards that may impact a location or sector

As stated above in point 9, key datasets for conducting risk assessments are those
about climate hazards. Users stated the following hazard data needs for assessing
climate-related risks:
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o Fit-for-purpose data and information on climate related hazards, including
heatwaves and cold extremes, extreme rainfall, floods, droughts, wind extremes,
storms and lightning, bushfires, coastal inundation and riverine flooding, and
compound and co-incident events.

o Data describing hazard risk including probability of occurrence, frequency,
intensity, spatial extent, and duration at the required spatial scale for a given
location, and how these may change over time.

¢ Plausible worst-case scenarios and likelihoods of climate extremes, compound
and extreme events.

11. Case studies on finding and applying climate information

Many users find case studies that show how climate information was gathered,
interpreted and used to be helpful tools that demonstrate how they could apply
information to their own situation. Users stated that ‘best practise’ case studies offer
valuable guidance on using climate information, particularly when the case study:

e was applied to a similar location to theirs

¢ involved the same or similar sector to their own and highlighted different options
for using information

e focused on a similar decision-making process, policy development, risk
assessment or adaption strategy to the one they need to make

e was regularly updated or made generic enough to ensure they do not go out of
date.

12. Guidance on the integration of First Nations traditional knowledge

There is clear recognition of the potential benefits of integrating traditional knowledge
with climate science as well as in guiding options for responding to climate risks.
Traditional Owners are important users of ‘user-friendly’ communication products.

The hub is committed to co-created research and outputs. In working with Traditional
Owners and knowledge holders, it is essential to ensure engagement is through Free,
Prior and Informed Consent (FPIC) and that any Traditional Knowledge is subject to
considerations of Indigenous Cultural and Intellectual Property protocols and
requirements. We would expect that a significant dedication of time is committed to
ensure cultural governance and protocols are adhered to. Guidance on how to do this
within the hub will be guided by the Indigenous Facilitator and the Indigenous
partnerships strategy.
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2.Review of existing climate data portals

Web-based portals are a popular tool to communicate climate change information and
associated future hazards to the broader community. The goal is to distil and visualise
relevant information from global and regional climate model projections in a way that is
comprehensive and actionable for the intended user to fit their purpose, often with no or
limited climate science background. Therefore, good presentation and guidance is
paramount for successful communication and application. Many different portals exist that
provide historical observational data and climate change projections for decision-makers in
Australia and its state jurisdictions. Each of them targets a specific or more general
audience, providing different metrics and tools that require different levels of scientific and/or
statistical understanding. The focus of this short review is to understand the tools and data
available from the most accessed interactive portals in Australia and their target audiences,
which is summarised in Tables 1 and 2.

Climate change indicators

The most-sought information is often high-level changes in the mean state of climate with
relative and absolute changes in temperature and precipitation on state, territory, and local
government level areas (LGA). All portals, apart from those purely focussing on sea level
rise and inundation (such as Canute3 and Coastal Risk Australia, see Table 1 for links to
access portals discussed in this section) provide this information for different spatial
resolutions ranging from national, to state all the way to LGA data for government datasets.
While natural domains can be at resolutions ranging from National Resource Management
(NRM) regions to catchment level to gridded and point data. However, all portals only offer a
selection of those domains.

The climate information provided also varies in both range and applications. Temperature
and precipitation impact-agnostic measures using likelihood-based or statistical approaches
such as averages and percentiles (change in mean daily maximum temperature) do not fully
reflect changes on the extreme ends of the spectrum that are crucial for adaptation to future
extreme weather.

Each user required different metrics in planning for the future climate and its impacts. For
example, the number of very hot days (days which surpass the 90" percentile for maximum
temperature) is a generalised threshold exceedance measure which can be useful when
planning for heat related health impacts. Having information at the indices or threshold
required allows users to explore the emerging impacts caused by shifts in climate. Impact-
based measures take this one step further and describe the hazard using absolute
thresholds. This contextualises statistics with model outputs or observed past impacts. For
example, days above 35°C wet-bulb temperature exceed the physiological limit for the
human body (Raymond et al., 2020). Such metrics give information directly relevant to
specialised hazard planning for the health sector but may not be relevant for other sectors.

There is a great variety of impact-informed and impact-based measures provided in the
portals reviewed. However, there is no standard approach to providing different indices.
Sector-specific portals such as Climate Services for Agriculture (CSA) contain multiple
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impact-based measures tailored for a range of crops and case studies that inform farmers
throughout Australia. More commonly applicable temperature and precipitation-based
impact-informed measures such as days above/below X°C and above Y mm of rainfall differ
in their thresholds between portals. This can confuse inexperienced users visiting different
platforms, and information is not comparable or applicable which can make the right
information for their decision-making needs hard to find.

Underlying data from global climate models and post-processing

This confusion is amplified when taking a deeper look into the underlying suite of global
climate models (GCM) from which these metrics are derived. Not only does the size of the
model suite differ between portals but also the CMIP phase from which they are selected.
Older phases are often seen as ‘outdated’ by users. With this comes the choice of emission
pathway scenarios that depend on the CMIP phase. The scenarios collate different driving
factors that could influence future greenhouse gas emissions and become more
comprehensive in composition of factors with each CMIP iteration. They are referred to as
Special Report on Emissions Scenarios (SRES) for CMIP3, Representative Concentration
Pathways (RCP) for CMIP5 and Shared Socio-economic Pathways (SSP) for CMIP6. Most
common across portals that use CMIP5 are RCP4.5 and 8.5, while some are also offering
the complete set including the lowest RCP2.6 and the medium-high RCP6.0 (IPCC,
CoastAdapt, Climate Change in Australia (CCiA)). CMIP3 and CMIP6 data is provided by
each three portals respectively (CCiA, LISTmap, AdaptNSW for CMIP3; IPCC, Canute3,
CRA for CMIP6) sharing only one (high) emission scenario for each phase (SRES A2 and
SSP5-8.5). The choice of the phase also alters the baseline, from which the future changes
are calculated. The Bureau of Meteorology’s Australian Water Outlook (AWO) further adjusts
the CMIP5 reference period from 1986-2005 to start in 1976, creating a 30-year reference
period as opposed to the standard 20 years from CMIP5 which inevitably invokes differences
in the mean values from which future changes are calculated. Apart from the GCMs and
their characteristics, post-processing procedures such as the choice of future projection time
frames and aggregation period, bias-correction techniques as well as downscaling model(s)
and method(s) and the resulting spatial resolution add to the list of differences between the
reviewed portals. In the end, while the user might find the ‘same’ metric (such as the number
of days above 40°C) for the same jurisdiction in two portals, the information they receive in
relative and absolute change for this metric will differ, potentially to a point where each
scenario would call for different adaptation techniques.

User guidance

Appropriate guidance is key to help users find what they need and explain how the
information has come about. All portals do offer some form of guidance or explain how to
use their data and information. This guidance typically comes in combinations of simple and
short information bubbles, summarised background information and dedicated learning
sections, but can also offer information on interpreting projections, model ensembles and
ranges and uncertainties for the projections.

Most portals require at least some level of climate literacy. Of all those considered here,
CCiA provides the most guidance on various topics and marks each tool with a three-level
indicator for beginner, intermediate, and advanced users. Queensland Future Climate portal
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offers a user-friendly ‘scrollytelling’ approach to educate about the climate, GCMs,
downscaling and how to read their charts. The IPCC Working Group | Interactive Atlas lets
the user choose between a simple and advanced mode right from the beginning, so
inexperienced users are not confronted with complicated charts and terminology. Sector
specific portals, like CSA and Canute3 assume the intended user has a certain degree of
climate literacy and provide much less guidance.

Data provision and visualisation

Good visualisation is essential for good guidance. The underlying data and information are
presented to the user in different forms and shapes ranging from simple, digestible reports
and infographics to tables, maps and charts of varying difficulty, to the provision of the data
for download as ascii, netCDF, and other formats that require data handling skills. Maps are
popular among the portals to visualise the spatial variability of climate change across
Australia, or its states and territories, to access localised information in context to the
Australian landscape. While time series charts and boxplots are commonly used to show
model agreement and uncertainty. Advanced charts of annual exceedance probability or
similar are limited to sector specific portals as found on Canute3 which is often used by
coastal engineers.

All the data, information, visualisations and guidance have to be packaged in an accessible
webpage with an intuitive user interface and appropriate language. A complex webpage with
a lot of scientific terminology that was not co-designed can offer the best information, but
inaccessibility often ends in frustration for the user and usually means that they will not visit
this platform again. Additionally, a user-friendly portal with a modern look and feel naturally
attracts more users. Scientific language has its place but should be tailored to the literacy
level of the target audience. Dashboards are an interactive interface that lets the user
choose the information to display. Victoria’s Future Climate Tool and the Bureau’s AWO only
provide a dashboard while Queensland Future Climate has a webpage built around it that
offers other tools and information sections. Similarly, CCiA has several interactive tools
spread across many different pages. Both portals contain many subpages that, despite the
flat hierarchical structure, can make it hard for the user to find what they need. The fine line
is to a compromise of both where the metrics are displayed in a dashboard and is
accompanied by enough detailed guidance and background information but doesn’t
overwhelm the user.

Climate Systems Hub | Synthesis Communication and Data: Tailored information for stakeholders



14

Table 1: Some of the existing portals in Australia with their intended audience, metrics and tools they
provide, and knowledge required to understand them.

Target audience Metrics

Knowledge and guidance

Climate Change in

Australia (CCIA)

Australian Water

Outlook (AWO)

Climate Services for

Agriculture (CSA)

CoastAdapt

AdaptNSW

Queensland Future

Climate (Long
Paddock)

Canute3

Coastal Risk Australia Coastal

Victoria’s Future
Climate Tool

LISTmap

IPCC interactive Atlas

Natural resource Impact-agnostic
management and impact-
sector, education informed

Water, energy, Impact-agnostic

transport, and impact-
agriculture informed
Agriculture, Impact-agnostic

temperature. and to impact-based
rainfall

information useful

for other sectors

Coastal Impact-agnostic
communities to impact-based
(professional and

citizens),

education

NSW and ACT Impact-agnostic
citizens to and impact-
government informed

stakeholders

Risk managers,
planners,
consultants,
policy,
researchers, and
education

Impact-agnostic
to impact-based

Coastal
engineers and
decision-makers

Impact-informed
to impact-based

Impact-based
communities,

planners and

decision-makers

Natural resource
management
sector

Impact-agnostic
and impact-
informed

Natural resource Impact-agnostic
management; and impact-
agricultural sectorinformed

General public, Impact-agnostic
media, education, to impact-based
decision-makers

Summary statements,
climate analogues,
extreme data explorer,
thresholds calculator

Beginner to advanced
(indicated by level for each
tool); learning and guidance
sections

Intermediate level, but limited
guidance

Historical observations,
seasonal forecast and
climate projections

‘Extreme years’ feature, Intermediate level, limited
highly specific selection guidance and farming-specific
of commodities, drought

resilience self-

assessment tool

Infographics, templates Beginner level, lots of
and checklists for risk  guidance
assessment and

management,

adaptation focus

Summary reports and  Beginner level, lots of
infographics. Adaptation guidance

strategies for different

user groups

Maps, charts,-reports
and data for LGAS,
regional plan areas,
catchments, bioregions,
disaster districts

Beginner to intermediate
level, lots of guidance and
teaching material

Advanced level, limited
guidance and technical
application

Return levels,
multiplication factors,
future waves

Satellite map view with Beginner level, some
inundation guidance
superimposed, predicted

or manual setting

Selection of regions of
different scale (state to
point data)

Beginner to intermediate
level, some guidance

Farming specific climate Intermediate level, limited
change metrics; wide  technical guidance

range of authoritative

land-based information

Maps and charts of
different visualisation,
very customisable in
advanced setting

Beginner or advanced level
selectable on start page, lots
of guidance and teaching
material
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Table 2: Underlying global climate models, scenarios, baseline and future periods for existing portals?in

Australia

Provider GCM

Climate Change in Up to 18 CMIP3

Australia (CCiA) and 40 CMIP5P

Bureau’s Australian 4 CMIP5¢

Water Outlook (AWO)

Climate Services for 8 CMIP5

Agriculture (CSA)

CoastAdapt 8 CMIP5

AdaptNSW 4 CMIP3 and 3
CMIP5¢

Queensland Future 11 CMIP5°¢

Climate (Long
Paddock)

Canute3

(models not
stated)®
Coastal Risk Australia All CMIP6
Victoria’s Future 6 CMIP5¢
Climate Tool
LISTmap 6 CMIP3¢

IPCC interactive Atlas All CMIP5 and

CMIP5 and CMIP6 RCPs 2.6, 4.5, 8.5 1986-2005 (CMIP5),

Scenarios Baseline period Future period

SRES B1, A1B and1980-1999 (CMIP3), 20-year aggregates centred

A2 (CMIP3); 1986-2005 (CMIP5) 2030, 2050, 2070, 2090 or 14
RCPs 2.6, 4.5, 6.0, future time periods (2025,
8.5 (CMIP5) 2030, 2035, ..., 2090)

RCP4.5, RCP8.5 1976-2005 30-year aggregates centred

2030, 2050, 2070 and 2085

RCP4.5, RCP8.5 1986-2005 30-year averages centred

2030, 2050 and 2070

RCPs 2.6, 4.5, 6.0, 1986-2005 30-year aggregates centred
8.5 2030, 2050, 2070, 2090

SRES A2 (CMIP3); 1980-1999 (CMIP3),
RCP4.5, RCP8.5 1986-2005 (CMIP5)
(CMIP5)

RCP4.5, RCP8.5 1986-2005

20-year aggregates centred
2030 and 2070

20-year aggregates centred
2030, 2050, 2070, 2090

Return levels selectable for

(CMIP5); SSP1- 1995-2014 (CMIP6) each year from 2010-2100

2.6, 2-4.5,5-8.5

RCP8.5 and SSP5-1995-2014 Fixed for 2100 and 2150
8.5

RCP4.5, 8.5 1986 — 2005 20-year aggregates centred

2030, 2050, 2070 and 2090

2010-2039, 2040-2069, 2070-
2099

20-year aggregates centred

SRES A2 and B1 1978-2007
(CMIP3)

RCPs 2.6, 4.5, 6.0, 1995-2014 (CMIP6),

CMIP6 8.5 (CMIP5) 1986-2005 (CMIP5), 2030, 2050 and 2070
SSPs 1-2.6, 2-4.5, 1850-1900 (pre-
3-7.0,5-8.5 industrial’), 1961-1990
(CMIP6) and 1981-2010 (WMO
30-year).
a All the listed site/portals are maintained and/or updated to some extent, however the frequency varies

Supplemented with dynamical and/or statistical downscaling outputs
Results are dynamically or statistically downscaled
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3. Gap analysis (Australia)

The above review of existing climate portals demonstrates the rich suite of climate resources
available. Although many users feel their needs are not being met. The overall picture is that
users cannot find what they need, meaning they either are overwhelmed by the amount of
information and do not know where to start, or they do not have the skills to best make use
of the resources. Also, the information is not presented in a way that allows many users to
incorporate it into their decision making. Collectively most needs can be met by existing
portals, the difficulty for users is knowing what is most relevant, and how to use the
information they present.

The user feedback received, and review of existing portals, suggests the following gaps exist
in the climate change information environment:

1. Too much information, or not knowing where to start

e There is a tendency for portals to either have too much information or be too
complex or give a false impression of certainty (or ‘accuracy’) by oversimplifying
messages.

e The plethora of portals and websites is also a factor. This is particularly so as
there is a lack of standardisation which results in different sources giving different
results and even different (sometimes conflicting) guidance (read more above in
section 2. Review of existing climate data portals).

e The often-stated desire for a one-stop-shop is very challenging to meet as
requirements often vary between sector and level of technical skill. Framing the
entry points to portals through a sectoral lens may address this, at least in part.

2. Lack of location or sector-specific information

e There is something of a disconnect between the often-stated desire for high
resolution information and the data complexity that entails. Data at high spatial
resolution is extremely difficult to work with. While there are certainly technically
proficient users who can analyse and interpret high resolution datasets, it may be
that what many (possibly most) users really want is locally ‘relevant’ information.
This can be achieved by appropriate combination of data from a range of spatial
scales.

e There are a few examples of portals providing sector specific information. The
best examples have been co-developed with the relevant decision-makers.
However, it must be recognised that even within a single sector, there will be
decision-makers with a range of levels of prior knowledge and technical skill.

o The term ‘sector’ means different things to different people and a given sector
may be comprised of sub-sectors. For example, the agricultural sector comprises
multiple sub-sectors (such as wheat growers, graziers, cotton growers, pasture
agronomists, horticulturalists), each of which may have different climate
information needs.
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3. Unsure which information to use and how to apply it

e Simple guides that step through where and how to find the information and how
to use it would be an enormous help to many users.

¢ Some users will also want some explanation as to why different sources give
different results.

¢ Many users say case studies would be very helpful. The NESP Earth Systems
Climate Change hub produced several highly valued case studies, but more
targeted and up-to-date studies are needed.

4. Lack of confidence in currency of data, formats

e This is somewhat tricky as the model datasets underpinning projections do not
require frequent updates (unlike forecasts), although some other lines of
evidence may change from time to time considering new research. Advice from
web design User Experience experts is that despite this, regular addition of new
site content — such as blogs, news, case studies — coupled with regular style
updates, can keep a portal fresh in the eyes of users. As many portals are funded
by projects with fixed lifetimes, this type of upkeep is rare which can limit their
real or perceived utility.

5. Lack of understanding of different scenarios, different climate models, and data types

e Some portals address this through provision on online help and guidance
material, yet the issue persists. More effective ways of communicating these is
required.

6. Interoperability of datasets

e Some portals address this to some extent by providing datasets in a range of
formats, such as shapefiles and text formats. However, the range of requirements
and the multi-dimensional nature of much of the data makes it challenging to
meet all users’ needs. In addition, conversion of data from true multi-dimensional
formats such as netCFD to 2D formats such as text files or raster, require
decisions regarding how to appropriately summarise the data. Users generally
prefer information providers to do this for them or at least to provide advice.

e Even among more technically proficient users, it is common to encounter the
misconception that working with projections datasets is the same as working with
historic weather and climate data. This also commonly translates to an
expectation that projections datasets should have a predictive capacity that is
simply not possible (such as the ability to predict events like the Millennium
Drought). Although some portals do address these issues (like CCiA), there is a
clear gap in the effective communication of these concepts.

We also note an absence of information sources targeting Australia’s First Nations Peoples.
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4.User personas

In gathering information on user needs and in establishing this project we have interviewed a
range of potential stakeholders with an interest in climate information. Broadly, they can be
summarised as the following groups:

¢ Australian government policy-makers from a range of sectors including those with
portfolios related to climate science, climate change adaptation, conservation
management, water management, heritage, risk management and international
commitments.

e State and territory government policy-makers from a range of portfolios including
treasury, health, treasury climate change policy, emergency services, education,
procurement, mines, local government, and heritage.

e State and territory scientists and science communicators.

e Local government.

State and territory research partners also shared findings of their own engagement around
user needs. Specific information needs are described in more detail in section 1.

What emerged from these interactions was a simple typology or set of personas reflecting
initially 3 types of user personas that broadly group three different levels of users of climate
information. These personas are important in targeting outputs from the hub to ensure
information is fit-for-purpose for particular users.

The 3 personas

We identified 3 personas which target different levels of competence as well as different
needs and pathways to using or applying information. They are summarised in Table 3, with
further detail in Appendix 2.

ALF BOB CAROL

"I'need accessible and "I need to build a deeper "| am looking for data to

understandable information" understanding of how | can inform my analysis and
confidently apply climate models"
information"

Experience: Novice Experience: Intermediate Experience: Advanced
Could be: Government Could be: Risk manager, Could be: Climate
policy officer, land strategic policy maker, professional, researcher,
manager, general public planning officer modeller, consultant

Figure 1: The hub has identified 3 user personas.



Table 3: User personas, their roles and needs, and the content they are most interested in

Persona 1: Alf

Content of interest:

1 need accessible and understandable
infomation’

Proficiency: Novice
Typical role:

e  Executive decision maker

e  Community body/advocate

e Policy officer

e Land manager, including
Indigenous land managers

Persona 2: Bob

1 need to build a deeper understanding
of how | can confidently apply climate
information’

Proficiency: Intermediate
Typical role:

e Risk manager

e  Strategic policy maker

e Local government adaptation
planner

e Land manager or practitioner

Needs:

high-level understanding of
climate projections and
hazards

confidence in projections
information

to be a good ‘buyer’ of
climate information
contribute to first pass risk
scan

Needs:

confidence in data products
guidance to identify most
appropriate data sources
to undertake a hazard and
risk assessment

consider the risks but also
demonstrate the
opportunities / benefits of
taking action

simple, non-technical, easy
to understand information
on climate change, and sea
level rise for their region
climate change impacts
credible future scenarios

Delivery mechanisms:

Short, plain-English
summaries
Briefings
Analogues

Content of interest:

regional summaries of
climate projections
explainers of ranges and
uncertainty

translation of projections to
impacts

Likelihood of risks in local
area

clear narratives around
scenarios and model
selection

a limited set of credible
future scenarios

how to apply climate
information

Delivery mechanisms:

Short, plain-English
summaries

Synthesis summaries
Local or topic -relevant
figures and charts
Resources to help up-skill
others

Step-by-step guidance
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Persona 3: Carol

1 am looking for data to inform my Needs: Content of interest:
experiments and models’
e high-level understanding of

Datasets from a range of

Proficiency: Advanced climate projections and models
hazards e Research gaps and
Typical role: e confidence in projections limitations
information e  Model methods and
* Researcher e tobe agood ‘buyer of assumptions, assessment
e Modeller climate information and quality assurance
e Consultant e contribute to first pass risk information
scan

Delivery mechanisms:

e Application ready datasets

e Technical papers including
technical figures and charts.

e  Peer reviewed model
assessment

What the personas tell us about delivering information

A survey of climate information users in South Australia (G. Green pers comms., October
2022) demonstrated that the largest segment of users looks for high-level summary
information (Personas Alf and Bob). In the case of South Australia, this was high-level
summary documents that provided short descriptions of projections for individual variables,
local examples and context information and short explanations of key concepts (such as the
Guide to climate projections for risk assessment and planning in South Australia, 2022). Pair
this with several of the sources we considered, identifying that more than half of cohorts
engaged, reported low or no confidence in finding available information, and in how to apply
climate information, there is a significant set of stakeholders whose climate information
needs remain unmet. Developing outputs targeted at personas Alf and Bob would support
most climate information users. The information they currently seek is readily available but
fails to meet this broad need for easily understood and accessible information.

We did also encounter a small number of highly technical users that are represented by the
Carol persona. These users are generally confident, with much greater needs for access to
large application-ready datasets, with limited guidance or support, if technical supporting
information is provided. Some of this need is being met by the Climate Change in Australia
portal.

Projects from the hub tend to primarily deliver very technical data and outputs from their
research experiments. Even for the most technical users (persona Carol), there is still a gap
between their needs and what the hub research delivers. Considerable interpretation,
synthesis and summarising is required to make that information fit-for-purpose for less-
technical and novice users (personas: Alf and Bob).
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Table 4: Examples of existing information portals and their relevance to our user personas

Provider

Climate Change
in Australia

(CCiA)

Bureau’s
Australian Water

Outlook (AWO)

Climate Services

for Agriculture
(CSA)

CoastAdapt

AdaptNSW

Queensland

Future Climate

(Long Paddock)

Canute3

Coastal Risk
Australia

Victoria’s Future
Climate Tool

LISTmap

IPCC interactive
Atlas

Target audience

Natural resource
management sector,
education

Water, energy, transport,
agriculture

Agriculture, temp. and
rainfall information useful
for other sectors

Coastal communities
(professional and citizens),
education

NSW and ACT citizens to
government stakeholders

Risk managers, planners,
consultants, policy,
researchers, and
education

Costal engineers and
decision-makers

Coastal communities,
planners and decision-
makers

Risk practitioners,
environmental/sustainability
officers, strategic planners
geospatial information
system (GIS) users,
specialists managing
programs, services and
infrastructure.

Natural resource
management; agricultural
sector

General public, media,
education, decision-makers

Knowledge and Persona

guidance most likely
to engage

Beginner to advanced Alf, Bob,

(indicated by level for  Carol

each tool); learning

and guidance

sections

Intermediate level, Bob, Carol

but limited guidance

Intermediate level, Bob

limited guidance and
farming-specific

Beginner level, lots of  Alf
guidance Bob

Beginner level, lots of  Alf

guidance Bob
Beginner to Alf
intermediate level, Bob
lots of guidance and Carol
teaching material aro
Advanced level, Carol
limited guidance and
technical application

Beginner level, some  Alf, Bob
guidance

Beginner to Bob
intermediate level,

some guidance

Intermediate level, Bob

limited technical
guidance

Beginner or advanced Alf
level selectable on Bob
start page, lots of

guidance and

teaching material

Challenges for
personas

Navigating to
appropriate level
Presentation style
of some
projections still
requires some
level of literacy

Limited guidance

Very sector
specific

Collated
projections may
not provide
sufficient
information

Presentation style
still requires some
level of literacy

Limited to NSW
and ACT

Limited to Qld

Presentation style
still requires some
level of literacy

Sea-level rise only

Sea-level rise
inundation only

Limited to Vic

Presentation style
still requires some
level of literacy.

Limited to Tas

Presentation style
still requires some
level of literacy.
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5.Recommendations for developing a hub gateway
to meet user needs

The previous sections of this report have detailed many of the varied needs for climate
information by hub stakeholders, provided a scan of existing sources (‘portals’) of the
information and data in Australia, and outlined some key gaps between what is available,
and what users are asking for. Section 4 presented a set of three personas that can be
considered as the main user groups based on their needs and level of expertise. We now
present a suggested way forward to address many of the gaps that can be aimed at the
three personas.

One of the key questions for this project was whether a climate information gateway would
be of benefit to stakeholders. The analysis presented in this report points to one standout
user need: a single resource that can present the information they need and direct them in
how to use it. No single online resource can provide all the information required by all users,
but the concept of a ‘one-stop-shop’ that hub stakeholders can go to as a starting point and
gateway with guidance to other information is highly sought after and has many advantages.

The advantages of such a gateway include the following:

e It could provide users with a ‘home’ to begin their journey to find the information they
need, thus helping with the need ‘where do | start?’

e By targeting hub and broader NESP stakeholders, specific information to cater to
their needs can be presented. Other portals have different foci, but the hub gateway
can be developed in conjunction with other programs that will provide complimentary
information.

o Different personas can be taken on different paths in the gateway, providing the
relevant information at the appropriate level of detail and expected level of
knowledge.

¢ In addition, information can be brought together and presented in a way that is
relevant to particular sectors.

¢ The information can be accompanied by guidance material to help users understand
the information and how to apply it, with examples such as relevant case studies, and
can be developed in conjunction with user training and expert advice.

e The material can be tailored to hub user needs, and users can be directed to vetted
information on other portals, thus making use of and complimenting the wealth of
information already existing.

e The hub can build on the information presented as new science and products are
developed and gather feedback and user analytics to guide improvements and
additions.

Many existing portals have had similar aims to the gateway we propose. The fact that so
many stakeholders surveyed feel no existing website meet their needs indicates there are
significant challenges with such an approach. This raises a number of challenges for us o
pursue:

¢ How can we ensure the hub gateway is not just another of the many similar portals
available that do not meet our users' needs?
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Overcoming the challenge of presenting information for a wide range of personas
with different levels of existing knowledge and skills.

What is the most useful way to stratify and present information to users: by sector
(and which ones and how to determine the information of each), by location, by level
of expertise, by decision making process of user?

How do we guide users, particularly persona ‘Alf’, through the plethora of information
available?

Avoid the risk of attempting to make the gateway all things to all users. Careful
management of scope will be needed.

Recommendations for the hub gateway

With the advantages and challenges of a gateway firmly in mind, a suggested set of
recommendations or principles for the gateway are listed below:

Begin with a focus on providing users a starting point on their climate information
journey, specifically for NESP stakeholders and the personas identified above.
Explore options for what is presented initially. Include asking a series of questions to
users to determine their sector, location, level of expertise, application for the
information (for example first pass risk assessment), to enable relevant information to
be gathered and presented to them.

Presenting a ‘layered’ approach may be effective — present relatively high-level
information and allows users to drill down to obtain more detail or access explanatory
resource.

To provide users with options, along with guidance on how to choose between them
including strengths and weaknesses of each data set, model, framework, etc.

To understand that there are already many portals for accessing climate data (as
opposed to information such as guidance and advice), and the hub gateway can add
little of additional value in this area, except for providing summary data, and at the
desired location at the spatial scales (for example LGA, state level).

A more valuable focus for the gateway for hub stakeholders is synthesis of data and
information, guidance, and training, thus making existing resources more accessible
and to ensure users understand what the most appropriate information is.

The gateway design must have a strong user-centred and co-design focus to ensure
it meets needs. As such, user experience design expertise will be required to design
the portal. See Appendix 1 for the scope of user centred design process.

The findings in this report need to be shared back with the stakeholders who were
surveyed and other experts (including the hub Knowledge Brokering team) to ensure
the needs analysis accurately captures their needs and hone them further.
Consideration is needed on the purpose of the gateway during the lifetime of the hub
and its legacy beyond. The gateway also needs to be updated when new hub
products are released (such as case studies) or when existing information becomes
out-of-date, and the longevity of the gateway ensured beyond the life of the hub.
Other existing programs are also developing plans for climate information portals,
particularly the Australian Climate Service. The hub needs to work closely with ACS
to leverage the resources of both programs and ensure the two are complimentary
and the hub gateway presents a unigue user focused gateway accessible to
stakeholders.
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Project CS3.2 will use this analysis and devise specific objectives for the gateway, from
which a more detailed design and implementation plan will be developed. The design will be
strongly guided by the user centred design process and will include close engagement with
the Australian Climate Service to deliver well-coordinated and complementary gateways and

portals.

,»/
Figure 2: Training run by the project team in Perth 2023
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Appendix 1 — Scope of user centred design work

To gain an appreciation of what would be required to develop the type of ‘gateway’
described in section 5, the project team consulted with User Experience (UX) experts in
CSIRO’s Data61. The proposed scope of this work is briefly described below. We propose to
bring the necessary UX expertise into Project CS3.2 to lead this process.

User-testing of personas:

This stage involves testing the three personas described in section 4 with users. Through
this process, it is possible that one or more additional personas could be identified. Industry-
standard approaches (including remuneration for participants) will used to identify user-
testing cohorts.

Use-case development:

Through a co-design process with a cross-section of users, a set of use-cases will be
developed for each persona. User and provider (e.g. climate change science) requirements
will be determined for each use case.

Wire-framing:

Once the requirements for each use case have been determined, a set of clickable
wireframes will be developed for the next step in user-testing. These look and behave like
real web pages but do not contain any real data or information. This is an iterative process,
requiring several sessions with users, each building on the feedback obtained in the
previous sessions, gradually converging on final designs.

Information architecture (I1A):
Once wireframing is complete, a full description of the information architecture for the site
will be developed. This describes all site content and the navigation pathways required.

Project documentation:
The final step is development of project design documentation. This details all the
information required by a web site developer to build the website, including:

e design templates

e wireframes

¢ information architecture

¢ functionality/standards requirements (e.g. mobile-compatibility, accessibility

compliance standard: WCAG 2.0, AA level)
e user-testing requirements.
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Appendix 2 — Hub Personas

‘ limate
i‘\‘- Climat

Systems
-

National Environmental Science Program

Persona Description Technical Current knowledge Needs Content of interest Comms methods
level (climate) | approach
Alf Novice Not currently using High-level understanding of | How climate change Plain English summaries
o climate information, but | climate projections and impacts them or their and explainers in a
‘Accessibility Alf could be: feels climate hazards to be able to build | work and confidence this | variety of formats (e.g.
and Community information could support and delegate tasks | is the best available fact sheets, maps, simple

understanding is
key’

body/advocate? E.g. need
to understand key
concepts

Government Policy Officer
e.g. responsible for
developing policy for a
sector and needs to
understand key climate
change concepts and
risks.

Land manager e.g.
considering need to
include climate
considerations in planning

improve their policy
development, strategic
advice and/or decisions

within organisation or
external contractors

Enough information on
climate science and
modelling process to have
confidence in expertise and
projections

To be able to assess
significance of climate
change for their sector of
interest

To provide accurate and
relevant information to
executive and/or Minister to
support decisions

Needs to be a good ‘buyer’
of climate information

Contribute to first pass risk
scan

science

What we know,
discussion of uncertainty
will likely be
misunderstood

Simple, non-technical,
easy to understand
information on climate
change, and sea level
rise for their region

Credible future scenarios
to understand tangible
impacts

Why do we need to
adapt?

graphics, web tools,
email newsletter

Briefings

Talking points/key
messages, simple slide
pack

Webinars, videos and
Q&A with scientists

Fact sheets and
explainers without
assumed knowledge

Mean values and ranges.

Simple representation of
confidence levels

Simple analogues or
reference points (e.g. by
2050 that type of fire
could potentially happen
every fire season, by
2050 or climate will look
more like this location’s
present day weather etc)
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Persona Description Technical Current knowledge Needs Content of interest Comms methods
level approach
Bob Bob could be: Moderate Seeks out information, Confidence in data products | Regional summaries of Factsheets (based on
‘ ) ) regularly looking for new | to help make decisions climate projections with regions, sectors or
I need to build | Risk manager - e.g. gov . approaches and to build _ o curated presentation of | hazards), How-to guides,
a deeper corpn([)jrate risk unit doing 1 confidence in their work | Guidance to identify most variables (e.g. mean, workshops, video
understanding | or 2" pass r;sk . approprlate data sources extremes etc) explainers, case studies,
of h]?év | clan assessment? Seglfs out bpth r:zli)tlonal for a given task o . f synthesis summaries,
confidently and international best iscussion of ranges sector briefin
: i i . . gs

apply climate Strateglc_ policy .maker e.g. practice To undertake a hazard a_nd and uncertainty
information’ undertaking regional risk assessment (e.g. to just Local or topic -relevant

vulnerability/risk
assessment

Local government
adaptation planning officer
e.g. building local
adaptation strategy,
engaging local
stakeholders, advising other
sector specialists within
council

Land manager or
practitioner looking to
develop an adaptation plan

Shares ideas with
colleagues in similar
roles in the region

plug it in)

Step-by-step guidance for a
consistent approach

Considers the risks but also
wants to demonstrate the
opportunities / benefits from
taking action

Translation of
projections to impacts.

Likelihood of risks in my
area

Clear narratives around
scenarios and model
selection as well
limitations of models

A limited set of credible
future scenarios

Understanding on how to
apply climate information

figures and charts (plain
English, remove climate
jargon)

Resources to help up-
skill stakeholders and
colleagues

Climate Systems Hub | Synthesis Communication and Data: Tailored information for stakeholders
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Persona Description Technical Current knowledge Needs Content of interest Comms methods
level approach
Carol Climate professional, High Approaches existing Data products including Uncertainty and ranges Application ready
) researcher, modeller, contacts to source data application ready datasets can be openly discussed | datasets
lamlooking | consyitant
for data to Downloads data from Technical details on Strengths/weaknesses/a | Technical papers
inform my - e.g. undertaking a publicly available data scenarios, model selection, | pplications for different including technical
experiments detailed adaptation sets downscaling methodologies | sources and datasets figures and charts
and models’ plan for a specific asset

or management activity
- Conducting impact-
based modelling
- Incorporating climate
change in hydrological
or ecological modelling

Purchases datasets

Research gaps and
limitations

Datasets from a range of
models

Model methods and
assumptions,
assessment and quality
assurance information

Peer reviewed model
assessment

Climate Systems Hub | Synthesis Communication and Data: Tailored information for stakeholders
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Supplementary Material

Individual user feedback points have been recorded in a separate document. Available on
request and subject to privacy checks.



