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The 2019 NeSI Annual Review cover celebrates the
connections between research communities, data,
technology, and innovation. The cover design uses
a contemporary expression of the Koru to symbolise
this relationship and the interconnectivity of its
many moving parts. The graphic shapes of the
Koru flow into one another representing perpetual
movement and the constant evolution of digital
research capabilities. Using the Koru as inspiration
establishes a firm link between NeSI and Aotearoa,
New Zealand.
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Chair’s Report

Demand and usage have never been higher following
the availability of new capacity last year, and a better
understanding by the science sector of the value
of increased computing power and the capabilities
which came with it.
A study of the case studies set out elsewhere in this
review illustrates the ways NeSI integrates advanced
digital capabilities into a range of eResearch services,
and ensures the range of scientific and computational
challenges being tackled by researchers are backed
by the power necessary to make them a reality.
Joint investment in NeSI by collaborators and the Crown
enables public good research across a wide range of
institutions, delivering high value outcomes with optimal
efficiency. This relationship between the Crown and
collaborators has served us well. Looking ahead, we plan
to investigate a range of new models to support NeSI’s
ongoing growth and evolution. We’ll look to address the
shortcomings of our current structures, and attract new
investors on an equitable basis. A vital fully functioning
and cyber secure e-infrastructure is a key element in
modern science systems worldwide, and we need to
ensure we maintain our own in New Zealand.
Also looking into the future, NeSI and collaborators
are embracing a more diverse offering, encompassing
machine learning, artificial intelligence (AI), and data
analytics. Data curation and management and the
increasing demand for “native” cloud services are also
ramping up, and we are looking to provide a suitable
platform to sit alongside others in New Zealand and
possibly Australia, with whom we have strong linkages.
This in turn will mean NeSI will have to retain new people
with the relevant skill sets and these are increasingly
drawn from the international market, from which NeSI
has learned much over the last three years to help
formulate our own strategic goals and aspirations.

Our relationships with major user groups have further
developed during 2019, exemplified by the work we are
doing with and for Genomics Aotearoa, and with other
significant examples including NIWA, the Deep South
National Challenge, and QuakeCoRE. We have benefited
from national consultation with our own research
communities to ensure our investments and activities are
fit for purpose and match the needs of our scientists.
We acknowledge the input of our Research Reference
Group into our future strategies as they have worked
closely with the Board over the past year. In 2019,
we saw changes to the Board and with the retirement
of Prof. Andrew Rohl we were fortunate to have
Prof. Amanda Barnard from the Australian National
University join us; likewise Dr Barry Biggs has replaced
Murray Poulter, who retired in late-2018 after many years
as NIWA’s representative.
Finally, NeSI greatly values the operational partnerships
we have with our Collaborators, especially NIWA and the
University of Auckland, who make the major investments
into the two platforms Māui and Mahuika. Our Collaborators,
including the University of Otago and Manaaki Whenua
- Landcare Research, host our teams and also share the
job of advancing NZ science and facilitating researchers’
application of advanced computational capability.
And NeSI does all of this within a strong partnership with
MBIE’s Strategic Science Investment Fund (SSIF) and team,
always in the national interest.

Rick Christie
Chair, Board of Directors

“Joint investment in NeSI by collaborators
and the Crown enables public good research
across a wide range of institutions, delivering
high value outcomes with optimal efficiency.
This relationship between the Crown and
collaborators has served us well.”

Director’s Report

Over the last year, NeSI has witnessed rapid uptake
of new high performance computing and data
infrastructure. We’re now seeing periods of high levels
of utilisation and sustained performance under load.
The breadth of researchers spanning the research
system is growing day by day on NeSI, as are the
depth and outcomes from the rich range of partnerships
we’re party to.
In 2019, our focus shifted to build on the foundations of
the core infrastructure, taking a fresh look at our services
as we focused on delivering the full benefits of the
investment to the science sector. Early in 2019 we
completed a range of investments to move us closer to
our research communities. We recruited passionate early
career experts in genomics, engineering, and biomedical
sciences, and renewed our focus on research community
engagement, outreach, and training. As the year closed,
these investments are driving significant growth in our
ability to partner with and deliver value to researchers,
in a manner which is better fit for their needs. Our training
programmes are a particular bright spot, after a period of
lower investment and activity. In April, we launched our
national Data Transfer Platform in partnership with the
global science data platform Globus, aiming to reduce
friction and increase connectivity for researchers working
with larger datasets. In particular, this has proven popular
within genomics communities supported by Genomics
Aotearoa and to underpin international collaboration on
climate science led by NIWA. As the year comes to a close,
there are discussions underway on extending this platform
into Australia, in particular for connectivity into science
data generating instruments and facilities commonly used
by New Zealand researchers. In all cases, this platform is
underpinned by the critical high bandwidth low latency
data networks delivered by our network partner in the
eResearch ecosystem REANNZ.
Over the last couple of years NeSI has sought to reposition
itself as a highly consultative partner of a broad range
of research communities and institutions. Coming out of
a successful external review commissioned by MBIE in
mid-2017, NeSI and its collaborators agreed with MBIE to
a set of actions, including the following:

Key to this course of action is clearly defining NeSI’s
scope and role within a national eScience ecosystem,
and adapting our business model to enable success in
this role. NeSI has evolved from its early focus and role
in coordinating access to a range of computing facilities
owned and operating by its collaborators. As we evolve
our own capabilities, we’re witnessing rapid evolution of
the technologies underpinning high performance
computing (HPC). While the early developments of cloud
technologies were commodity in nature, performance at
the top end has hit an inflection point over the past
couple of years. Cloud providers are now creating high
performance technologies of real value to HPC
communities globally, from containers for portable and
reproducible workflows through to interactive notebooks
for collaborative data analysis. NeSI sees our future as
one of embracing cloud-native architectures. We’re preparing
to support researchers in using these technologies, enabling
ever greater performance and flexibility in their science.
As an organisation with its roots in infrastructure,
we’re working hard to refocus on our relations with
researchers, communities, and institutions while not
losing focus on our core expertise in high performance
computing and data. More than ever we’re valuing our
interactions with our users as the core of how we work
and to guide us in facilitating national needs.
As the new year starts, we’re all facing an unprecedented
degree of uncertainty. What this highlights is the pressing
need for a greater range of advanced computational and
data skills and capabilities. Many in this emerging new
world are already seeking the digital computational skills
to stay engaged. Meanwhile, our institutions are facing a
sharp punctuation to their existing modes of business,
and suddenly destabilising cost pressures.
NeSI has been classified an essential service, in recognition
of the biomedical and population health research projects
already operating on NeSI as a part of the national
Covid-19 response. Across the year ahead, NeSI will
assess the need for ever more efficient and collaborative
pathways to realise our national shared infrastructure
needs, to ensure our collective resilience and sustainability.

• Enhance team research expertise, contribution to
training, and focus on breadth of uptake
• Prioritise current and future service offerings, aligning
services with research community and institutional needs
• Define NeSI’s role with respect to other emergent
technologies and research needs
• Improve tracking and analysis of research impact,
investment benefits, and overall return on investment (ROI)
• Review NeSI’s business model and access policy

Nick Jones
Director
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A national
collaboration
All researchers in New Zealand have access to NeSI’s
specialised high performance computing (HPC)
resources, including tailored software environments
and data management services, and skills training in
computational research tools and approaches.
These services are underpinned by the nation’s most advanced high
performance computation and data science facility, a shared national research
infrastructure facility invested into by NeSI’s partners — the Ministry of Business,
Innovation & Employment, the University of Auckland, NIWA, University of
Otago, and Manaaki Whenua - Landcare Research.

Together, NeSI and its collaborators are building high-performing science
and innovation systems that transform New Zealand into a more diverse,
technologically advanced, and smart nation.

NeSI’s Collaborators — the University of Auckland, NIWA, University of Otago, and Manaaki Whenua - Landcare Research — are asset
holders of the national HPC platform. This comprises the Māui and Mahuika platforms and a shared IBM data storage system, hosted at
the NIWA High Performance Computing Facility in Wellington and serving researchers across the country.

r
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The power behind
researchers
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HPC infrastructure and a range of
eResearch services. NeSI’s
collaborators – NIWA, the
University of Auckland, University
of Otago, and Manaaki Whenua
- Landcare Research – play an
essential role in this national
platform by investing in the
infrastructure, employing NeSI
team members at their institutions,
and enabling NeSI to connect with
and respond to the evolving needs
Auckland*
of research communities.
Auckland*
Auckland*
Together with MBIE, NeSI and its
collaborators ensure computational
research projects in New Zealand
are backed by the power and
support necessary to make them
a reality.

ect

or

Disciplines Supported
Supported
Disciplines
ie

nc

es
Ou

e
rs
e
Computer
iv
Computer
Science
r dComputer
Science
Science

Engineering
Engineering
Engineering

Christchurch
Christchurch
Christchurch

Biology

Engineering

Physics

Chemistry

Biology

Engineering

Astronomy

Physics

Chemistry

Medical
Science
Medical
Science

Earth Science

Social Science

Mathematics

Earth Science

Social Science

Mathematics

Core
Core Services
Services
High Performance
Computing & Analytics
High Performance
Computing & Analytics

Medical
Medical
Medical
Science
Science
Science

Training

Earth Science
EarthScience
Science
Earth

Data Transfer
& Share
Data Transfer
& Share

Shared
Shared Infrastructure
Infrastructure

Consultancy
Consultancy
Consultancy

- ui
Ma
--ui
Ma
ui
Ma

million
million

Training

Chemistry
Chemistry
Chemistry

Social Science
SocialScience
Science
Social

Mathematics
Mathematics
Mathematics

Sh

Location of our team

Training
Training
Training

Data Transfer
Data
Transfer
Data
Transfer
& Share
Share
&&Share

Shared Infrastructure
Infrastructure
Shared

CPU core hours
CPUcore
core
hours
available
per
year
CPU
hours
availableper
peryear
year
available

Consultancy

Physics
Physics
Physics

Christchurch

>136
>136
million

Consultancy

Astronomy
Astronomy
Astronomy

Core Services
Services
Core

Disciplines
Disciplines Supported
Supported

Computer
Science
Computer
Science

Hig
Comp

Dunedin

Wellington
Wellington
Wellington

Dunedin
Dunedin
Dunedin

Co

Wellington

sc

Biology
Biology
Biology

High Performance
HighPerformance
Performance
High
Computing
& Analytics
Computing
Analytics
Computing &&Analytics

Location
of our team
Astronomy

Compu
Scien

Auckland*

Mahuika
Mahuika
Mahuika

>1.7
>1.7

petaflops
petaflops
petaflops
peak
performance

peakperformance
performance
peak

>130
>130
GB/s
GB/s
GB/s

IO bandwidth
IObandwidth
bandwidth
IO

*Data replicated in Auckland
*Datareplicated
replicatedin
inAuckland
Auckland National research network provided by REANNZ.
*Data
*Data
replicated
in
Auckland.

C
av

*Data re

08

Expertise

NeSI Team
NeSI is powered by a high-performance, multi-disciplinary team who are employed at NeSI collaborator institutions – NIWA, the University of Auckland,
University of Otago, and Manaaki Whenua - Landcare Research – and empowered to accelerate research outcomes across New Zealand.

Robin Bensley

Blair Bethwaite

Thomas Berger

Fabrice Cantos

Laura Casimiro

Business Operations Manager,
University of Auckland

Solutions Manager,
University of Auckland

Product Manager,
University of Auckland

HPC Operations Manager,
NIWA

Operations Coordinator,
University of Auckland

Brian Flaherty

Kim Frew

Megan Guidry

Marcus Gustafsson

Greg Hall

Data Services Product Manager,
University of Auckland

Science Engagement Manager,
University of Auckland

Research Communities Advisor,
University of Auckland

Site Manager,
University of Auckland

Systems Engineer,
University of Auckland

Yuriy Halytskyy

Wolfgang Hayek

Matt Healey

Aaron Hicks

Jose Higino

Systems Engineer,
University of Auckland

Research Software Engineer,
NIWA

Application Support Specialist,
University of Otago

Systems Engineer,
NIWA

Systems Engineer,
NIWA

Jun Huh

Nick Jones

Marko Laban

Anita Kean

Mike Ladd

Business Innovation and
Growth Manager,
University of Auckland

Director,
University of Auckland

Software Product
Engineering Lead,
University of Auckland

Analyst Programmer,
University of Auckland

Strategic Projects Manager,
University of Auckland
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Nancy Lin

Nooriyah Lohani

Jana Makar

Peter Maxwell

Alexander Pletzer

Data Analyst,
University of Auckland

Research Communities Advisor,
University of Auckland

Communications Manager,
University of Auckland

Application Support Specialist,
University of Auckland

Research Software Engineer,
NIWA

Nitharsan Puwanendran

Georgina Rae

Kumaresh Rajalingam

Ben Roberts

Albert Savary

Analyst Programmer,
University of Auckland

Science Engagement Manager,
University of Auckland

Analyst Programmer,
University of Auckland

Application Support Specialist,
Manaaki Whenua - Landcare
Research

Application Support Specialist,
University of Otago

Mandes Schönherr

Chris Scott

Dinindu Senanayake

Anthony Shaw

Nick Spencer

Application Support Specialist,
NIWA

Research Software Engineer,
University of Auckland

Genomics Support Specialist,
University of Auckland

Application Support Analyst,
University of Auckland

Site Manager,
Manaaki Whenua - Landcare
Research

Michael Uddstrom

Callum Walley

Shen Wang

Damian Wheeler

Jeff Zais

Platforms Manager,
NIWA

Application Support Analyst,
University of Auckland

Analyst Programmer,
University of Auckland

Site Manager,
University of Otago

Senior Science Advisor &
Platforms Architect,
NIWA
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Organisational
health

NeSI supports a wide range of communities and disciplines
through better, more efficient coordination and cooperation
across the research sector. As an organisation, NeSI is
passionate about building and strengthening connections
that accelerate research in New Zealand.

Late in 2018, NeSI reached out to research leaders across New Zealand
to understand the future needs of the country’s eResearch ecosystem.
These consultation activities continued in 2019 with a focus on further
strengthening NeSI’s connections with research communities and
deepening NeSI’s understanding of long-term needs and aspirations
of New Zealand’s researchers. All of this feeds into how NeSI operates
as a distributed team and national organisation.

Building expertise within
the NeSI Team
One of the main ways NeSI creates,
maintains and grows its connections
within the research sector is through
its distributed and multi-disciplinary
team. In 2019, recruitment of key
team members who brought
specialised expertise, adaptable skills,
and established networks enabled
NeSI to deepen its knowledge base
and strengthen its connection into
research communities.
Following the retirement of Michael
Uddstrom, NeSI’s Platforms Manager,
in January 2019, NeSI used the
opportunity to recruit for two
specialised positions in collaboration
with NIWA that would expand each
organisation’s capabilities. Fabrice
Cantos, the NeSI/NIWA Site Manager
at the time, accepted the role of HPC
Operations Manager to oversee the
national HPC facility and systems
engineering staff. This helped retain
Fabrice’s expertise and familiarity
with the systems and the existing
research communities they serve.
To complement Fabrice’s role, NeSI
and NIWA welcomed Jeff Zais from
Lenovo’s HPC Benchmarking Team in
the United States. With 25+ years
experience as a technical, strategic
and business leader in HPC, Jeff’s

addition to the team as Senior
Science Advisor and HPC Architect
will help NeSI focus on mapping and
connecting science needs to current
and future equipment.
Georgina Rae, NeSI’s Science
Engagement Manager, went on
maternity leave in November.
To cover that leave, Kim Frew joined
the team from Fonterra, where she
led their advanced analytics strategy.
Another strategic hire in 2019
welcomed Megan Guidry,
an Auckland Bioengineering Institute
alumni, to better facilitate, sustain,
and scale digital skills training
activities within New Zealand’s
research communities.
Marko Laban also joined NeSI in
2019, bringing more than 20 years
software experience to mature the
development and delivery processes
behind NeSI’s services, and ensure
new solutions are developed in
connection with research
community needs.
Brian Flaherty became a permanent
member of the NeSI team during
2019 in the role of product manager
for data services and has been key
to get focus for growing the data
transfer service while defining the
needs around data storage,
data sharing, and data security.

Other roles made permanent included
Dinindu Senanayake as a Genomics
Application Support Specialist, and
Callum Walley as an Engineering
Application Support Specialist. Their
roles were the first domain-specific
support roles created at NeSI and they
have delivered a significant impact
through targeted support,
strengthened relationships, and
broadened uptake of NeSI services.

Improving NeSI services
through user-driven insights
Using insights from its consultation
activities, NeSI has improved its
responses to users’ short-term needs
and enhanced its user experience
by employing product management
strategies and techniques used by
industry leaders.
User journeys and service blueprints
were developed to chart out the
pathways that researchers would
typically experience while using
NeSI; user experience surveys
were sent in a more timely manner;
system monitoring was enhanced to
proactively help users. The first half
of 2019 saw NeSI facing challenges
of onboarding new users due to
compounding issues around its
login system design. With the help
of the techniques mentioned above,
NeSI was able to quickly deliver

an improved user experience, and
continues to strive to be more
metric-driven.
All of these long-term and short-term
insights help NeSI understand the
eResearch ecosystem through the
lens of frameworks and abstractions.
One of the key takeaways for NeSI
was to understand that oftentimes
innovation happens in the edges,
and that these abstractions are a
means to get closer to the underlying
complexity, not to trivialise and make
researchers fit NeSI’s model. Early in
2020, a core group of the NeSI team
was sent to Berkeley, California for
product management training in
hopes to further develop NeSI’s
practices going forward.
Internally, NeSI spent much of 2019
developing important refinements
to its internal services reporting and
data analytics capabilities.
These changes have not only helped
identify opportunities for increased
engagement and contributions across
the NeSI Team, it has also resulted in
richer and more timely reporting to
NeSI stakeholders and partners.
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Organisational design
NeSI operates as a virtual organisation (by contract)
with teams formed along functional lines.

MBIE

HOST

Observers

BOARD OF DIRECTORS

RESEARCH REFERENCE GROUP
Strategic reference group advising
on annual plans, policies, and the
National Platforms Framework

Service management and delivery

SENIOR MANAGEMENT

DIRECTOR

ENGAGEMENT MANAGER

SOLUTIONS MANAGER

PLATFORMS MANAGER

OPERATIONS MANAGER

ENGAGEMENT

SOLUTIONS

PLATFORMS

OPERATIONS

Site Management

Stakeholder Relations
Event Services
Community development

Integration and
Collaboration

Human Resources

Contracts

Computational Science
and Analytics

CUSTOMER SEGMENTS
• Institutions
• Researchers
• Industry
• Government

Finance

Platform Operations

Application Support

Information
Technology

SERVICE CATALOGUE

High Performance
Computing & Analytics

Consultancy

Training

Data Transfer
& Share
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Governance and
expert advice
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Board of Directors
NeSI’s Board of Directors comprises of an independent Chair, an independent
member representing the research sector at large, and three Directors
appointed by NeSI’s four collaborator institutions — the University of Auckland,
NIWA, Manaaki Whenua - Landcare Research, and the University of Otago.
The Board approves major initiatives and investments, and provides oversight
on strategy, policy, and organisational development.

Rick Christie

Dr Fiona Carswell

Prof. Amanda Barnard

Chair, Independent Director

Chief Scientist,
Manaaki Whenua - Landcare
Research

Professor of Computational Science,
Australian National University

Dr Barry Biggs

Stephen Whiteside

General Manager,
Technology & Innovation,
NIWA

Chief Digital Officer
University of Auckland

Research Reference Group
NeSI’s Research Reference Group is made up of nine research community
leaders with strong technical knowledge on the impact of eScience as an
enabler of research. The group has a key role in providing timely advice and
input on strategic and policy matters of interest to NeSI, especially those
most relevant to researchers.
Dr Joseph Lane

Dr Jane Allison

Dr Blair Blakie

Chair, Associate Professor
(Physical & Theoretical Chemistry),
University of Waikato

Associate Professor,
Biological Sciences,
University of Auckland

Professor, Department of Physics,
University of Otago

Dr Murray Cadzow

Dr Barbara Chapman

Dr Sam Dean

Teaching Fellow and
Postdoctoral Fellow,
Department of Biochemistry,
University of Otago

Professor, Institute for
Computational Science,
Stony Brook University

Chief Scientist - Climate,
Atmosphere and Hazards,
NIWA

Dr Ian Foster

Dr Nauman Maqbool

Dr Cristin Print

Professor, Department of
Computer Science,
University of Chicago

Group Leader Knowledge &
Analytics,
AgResearch

Professor, Molecular
Medicine & Pathology,
University of Auckland

14

Expertise

Staying
connected in
an evolving
eResearch
ecosystem
The shape and pace of the global high performance
computing ecosystem is changing rapidly.
HPC has always operated at the
frontier of computing and data
technologies, pushing the boundaries
of computing power and bandwidth.
As globally we become ever more
connected, the computing and data
systems we depend on every day
need greater power and performance.
Cloud computing is now evolving to
incorporate high performance
offerings, though these offerings are
still niche in scale and expensive to
consume in volume. However the
direction is clear. Cloud-native
technologies are now highly relevant
to those operating HPC and data
platforms, causing a rapid evolution in
the platforms underpinning modern
computational science.

NeSI’s advantage is that it has always
been more than just a provider of
computational power. Its value and
impacts extend beyond its specialised
infrastructure because NeSI’s team of
domain experts, research software
engineers, and HPC specialists are
passionate about supporting research
in New Zealand. NeSI’s people power
delivers tailored support experiences,
collaborative partnerships with
communities, and dedicated
engagement across the research
ecosystem. That is how NeSI remains
a connected, responsive and essential
component of New Zealand’s
eResearch ecosystem.
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In 2019, NeSI strengthened connections in New Zealand’s research
sector and responded to research drivers by:

01

02

03

Hosting or collaborating
on events that
promoted skill-building,
knowledge-sharing,
and community-building
nation-wide.

Working directly with
research teams and sharing
NeSI’s domain expertise
to help projects overcome
computational challenges.

Engaging and consulting
with research communities
to understand and address
their evolving needs.

04

05

06

Strategically expanding
the domain expertise
within NeSI’s team to
deliver enhanced service
and support new
collaborations.

Collaborating with
partners to develop
new capabilities for storing
and sharing data,
mindful of F.A.I.R.
Principles and Vision
Mātauranga.

Sharing NeSI’s
insight-driven learnings
and innovative
work-in-progress to
support community
approaches and best
practice.

NeSI contributes to
New Zealand’s abilities in:
Compute infrastructure

NeSI strengthens connections
in New Zealand’s research and
innovation sectors through:
Partnering with science

Storage infrastructure
Service & resource governance
Research artefact management
Data, methods, models, code
Analysis and modelling tools
Research platforms

Research software and
data engineering

Virtual labs

Cybersecurity

Scientific gateways

Training, outreach, advice

Expertise
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Developing
better diagnosis
methods for autism
spectrum disorder

44

Making
waves in global
food production
technology

Parallel
processing
for ocean life

A partnership
approach to building
skills in New Zealand’s
genomics research
sector

60
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New insights
into endemic
species

Machine
Learning for
marine mammals

48

Preparing students
for 21st Century
research

Understanding
the structure of
gold and platinum
nanoclusters
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Advancing
New Zealand’s
digital research
capabilities
NeSI empowers New Zealand’s researchers to tackle
large, highly complicated, or regionally unique
research, and to investigate scientific challenges
that were previously impossible.
NeSI’s training programmes,
consultancy in research software
engineering, and team member
connections into research
communities are just some of the
ways NeSI helps researchers scale
their work, explore new questions,
and uncover deeper insights.
The case studies pictured at left
are just a few examples of the ways
NeSI’s shared infrastructure and
eResearch services support positive
environmental, health, society, and
economic outcomes in New Zealand.
Together, NeSI and its collaborators

are advancing computational
capabilities across all research
domains, from climate, freshwater,
and ocean science at NIWA,
to medical diagnostic testing at
the University of Auckland,
to computational chemistry at the
University of Otago, and biodiversity
management at Manaaki Whenua
- Landcare Research.
Alongside the raw power of its
technology platform, NeSI places
a strong emphasis on providing
support and focuses on building
researchers’ digital capabilities.
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Progress

Progress against
our strategic goals
NeSI grows computational research
capabilities and skills
CENTRES
OF RESEARCH
EXCELLENCE
(CoREs)

NATIONAL
SCIENCE
CHALLENGES

ENERGY

HIGH VALUE
MANU-FACTURING

HUMAN
HEALTH

PRIMARY
INDUSTRIES

ONGOING
RESEARCH

WEATHER
& CLIMATE

BIO
SECURITY

NATURAL
HAZARDS
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High performance
computing and
data analytics
Using NeSI’s specialised platform of supercomputing resources, and data
analytics software and services, New Zealand researchers are able to investigate
large, unique, or complex projects more easily, quickly, and accurately.
The Mahuika and Māui platforms saw their first full year of
production in 2019, providing the New Zealand research
community with access to a national data-centric and
data-intensive research computing environment, built on
leading edge high performance computing (HPC) systems.
The focus this year has been on user experience,
especially for researchers less experienced with using
HPC, and looking for opportunities to improve access

and getting started on the systems. This included
improving account setup processes and identifying
and addressing pain points in user experiences with
onboarding in general. Alongside these user issues,
significant work was done to realise the capability of the
new platforms by expanding the capability of services
in several key areas such as data analytics, virtual labs,
data management, and system security.

NeSI core hour availability and usage
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Figure 1: Adding new capacity to NeSI’s HPC platform over the last two years has resulted in a marked increase in usage.
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Progress

Development of new capabilities
During 2019, NeSI continued to develop its HPC infrastructure and platform
to deliver a wide range of services. This includes support of a wider range
of scientific applications and environments such as Singularity, JupyterLab,
and Tensorflow, as well as expanding the infrastructure access and availability
with GPUs, huge memory nodes, and tiered storage. Some capabilities such
as visualisation and virtual labs are still being developed in smaller scale with
experienced researchers in beta phases to learn and polish before they can
be fully released. NeSI will continue developing new capabilities to enable
researchers to fully utilise its infrastructure capabilities.

Fabrice Cantos

Aaron Hicks

Jose Higino

HPC Operations Manager,
NIWA

Systems Engineer,
NIWA

Systems Engineer,
NIWA

Greg Hall

Yuriy Halytskyy

Systems Engineer,
University of Auckland

Systems Engineer,
University of Auckland

Collaborating with technology leaders
Our strong working relationship with Cray, a Hewlett Packard Enterprise
company, has helped NeSI ensure the shared HPC assets owned by its
collaborators — NIWA, the University of Auckland, University of Otago,
and Manaaki Whenua - Landcare Research — remain responsive and
high-performing to power researchers’ data-centric and data-intensive
research. We value having Cray systems engineers Tony Racho and John
Sexton based in Wellington and working closely with the NeSI team members
at NIWA, where the national platform infrastructure is housed at NIWA’s Greta
Point campus. As we look towards embracing cloud-native architectures,
we look forward to continuing to collaborate with Cray on designing and
building new specialised and fit-for-purpose infrastructure components that
researchers need to accelerate and grow the capabilities of their research.

Tony Racho
Systems Engineer,
Cray

John Sexton
Systems Engineer,
Cray
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Support for data science and
machine learning
• NeSI has focused on understanding the
opportunities and applications for running
machine learning programmes on NeSI
platforms, to enable researchers to explore
more possibilities within their projects and
gain more insight from their data.

Nearline storage
• NeSI worked closely with a boutique vendor
to design, specify, and prototype a solution
for managing staging of research data to and
from the new platform’s tape storage libraries.
This capability is crucial to realising long-term
supportability and affordability of data-intensive
science on NeSI’s platforms. NeSI initiated
an early access programme (EAP), targeting
a subset of users with existing large data
holdings, and used their feedback to refine the
implementation and service design ahead of
general availability in 2020.

The journey from HPC Virtual
Labs to ‘cloud native’
• NeSI has worked to clarify and better understand
the user value delivered by the Virtual
Laboratory (VL) capabilities available with the
new platforms. The first wider NeSI VL
(requested by the Manaaki Whenua - Landcare
Research Informatics group) was deployed
and is supporting interactive remote-sensing
data post-processing applications. Another
VL is dedicated to Genomics Aotearoa &
NeSI’s joint genomics data-carpentry training
activities. 2020 will see issues of security, scale,
and provisioning addressed in preparation for
accessibility to a wider group of researchers.
• NeSI evaluated the rapidly evolving HPC
container landscape and successfully trialled
Singularity, a container runtime and image
format specifically born of HPC and targeting
scientific computing and enterprise dataanalytics. Singularity is now part of the NeSI
software stack and continues to gain popularity,
particularly in workflow heavy domains such
as bioinformatics where meta-schedulers
increasingly rely on containers as a software
distribution and runtime mechanism.

New modes of access
• Early access to new remote visualisation
capabilities has been used successfully in
several NeSI scientific programming
consultancies, though requires simplification
and web-native access to be more widely
applicable. One such consultancy focused on
allowing researchers to visualise partial results
from active workflows, enabling effective
remote computational steering.
• JupyterLab, a popular tool for interactive
data science, was added to NeSI’s supported
software stack. For more experienced NeSI
users this provides a mechanism to work
on scientific notebooks in a local browser,
connected to the full computational power
of NeSI’s Mahuika HPC. Next steps in this space
will see JupyterHub trialled for multi-user and
web-native delivery of scientific notebooks.
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Data transfer
and share
NeSI supports
researchers to transfer
and share their research
data sets, working with
research communities,
institutions, and REANNZ
to improve end-to-end
performance and reduce
time to solution.

365TB
Amount of data
transferred

128

Researchers used
the national
Data Transfer Platform,
2x more than
2018

As sensors and instruments become more accessible,
the new bottleneck for research is data rather than compute.
Leading up to 2019, regular engagement with research
communities informed NeSI of growing requirements
for a range of data management services, including
repositories, access management, reusability, and privacy.
Researchers were generating and transferring data at
multiple times larger rates than in previous years.
In response, NeSI reviewed, revised, and launched a
national Data Transfer Platform in early 2019 – operated in
partnership with Globus, REANNZ and multiple research
institutions – to enable New Zealand researchers to move
data to and from NeSI quickly and easily.

166 million
Number of files
transferred
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Researchers were
regular users of
the platform, using
it for 4 or more
months during
2019

Brian Flaherty
Data Services Product Manager,
University of Auckland

Globus Data Transfer Nodes (DTNs) were plumbed directly
into the new infrastructure platform, enabling access to
data on both Māui and Mahuika systems. Globus DTNs
provide a common platform for accessing, transferring,
and sharing data nationally and internationally.
NeSI has also coordinated with its collaborators to establish
DTNs at data storage and research facilities at AgResearch,
the University of Auckland, and the University of Otago.
Following the platform’s launch, NeSI hosted three
webinars to educate users about the platform’s features
and capabilities, and has been actively working to support
institutions who want to establish a local endpoint
and join the national platform.

3,991
Number of
transfers made

“If you can do something faster,
it accelerates your workflow. But sending
and receiving large data sets quickly also
completely transforms your workflow.”
Dr Jonny Williams, NIWA climate scientist & Data Transfer Platform user
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Establishing new endpoints
At the end of 2019, Manaaki Whenua - Landcare Research
began the process of joining the national Data Transfer
Platform, expecting to launch their Globus DTN in early
2020 and giving researchers access to 10Gbps transfer
via the REANNZ network. NeSI also began conversations
with Australian AARNet colleagues to explore options
for improving data movement between Australia and
New Zealand. By expanding the number of connected
research institutions, NeSI’s national Data Transfer
Platform will allow for wider support of trans-Tasman
workflows and improved collaborations between
international research instruments and compute facilities.

developed and launched (with assistance from University
of Otago IT staff), followed by a production repository
hosted on NeSI infrastructure. Both repositories utilise
Globus for group-based access management and data
transfer functionality and fulfil iwi requirements for data
to be hosted onshore. By year’s end, genomic data for
five taonga species with cultural significance to Māori
was securely stored and available for mediated access.
NeSI staff also began working with Genomics Aotearoa’s
Vision Mātauranga Coordinator to develop a permissions
workflow, which will include a review of all requests and a
consent process through a kahui group of advisors.

Building capability for genomics
research

Further development of the repository is planned for
2020, including investigation of a metadata catalogue
and work towards the goal of making the repository data
F.A.I.R. (Findable, Accessible, Interoperable, and Reusable)
within a context of indigenous data governance.

In 2019, NeSI initiated work with Genomics Aotearoa
to address requirements for storage and hosting of
bioinformatics data. A prototype data repository was

Genomic data for these five
taonga species are managed
by the new data repository
NeSI team members
developed in collaboration
with Genomics Aotearoa.

University of Auckland
Kākāpō1

University of Auckland
Australia

Manaaki Whenua –
Landcare Research

Massey
University

NIWA

Australia
Manaaki Whenua –
Landcare Research

Snapper2

Massey
University

NIWA
AgResearch

University of Otago
Kōkako3

AgResearch

University of Otago
Live
Coming in 2020
In discussion

Mānuka4

1. A Kākāpō on Maud Island. Chris Birmingham, Department of Conservation. 2. A North Island Kōkako. Matt Binns. 3. A juvenile Snapper. Brian Gratwicke. 4. Mānuka flowers in bloom. Wikipedia/Public Domain.
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Consultancy
NeSI delivers specialist research software engineering expertise to
New Zealand’s research sector, embedding NeSI experts within research teams
during the course of a consulting project. Through this service, NeSI lifts
researchers’ productivity, efficiency, and skills in research computing.
NeSI’s Consulting service provides scientific and
HPC-focused programming support to research
projects across a range of domains.

1,619
hours of Consultancy
services delivered

9
different institutions
participated in a
Consultancy
project

In 2019, NeSI team members focused on growing the
research community’s awareness of this NeSI service,
as well as increasing the visibility of the contributions
and positive impacts delivered to researchers and
projects through the Consultancy service. This was
done through delivering presentations at various sector
events, assisting with online and in-person training
events, regularly advertising the Consultancy service in
NeSI newsletters, and showcasing the positive impacts
of this service through case studies shared online.
These efforts resulted in nearly twice as many projects
being supported in 2019 as compared to 2018 (see
Figure 2 at right).

Connecting projects with
specialist expertise
In conjunction with the development of new machine
learning, data analytics, and remote visualisation services
across the national HPC platform, NeSI’s computational
science team has been building expertise in these areas
to help researchers access and benefit from these fit-forpurpose investments.
Highlights include:
• working with Manaaki Whenua - Landcare Research
researcher Jan Zoerner to investigate how machine
learning can enable spatial modelling and downscaling of coarse resolution climate, weather and
environmental data at national scale. This work
continues into 2020.

• working with NIWA researcher Cyrprien Bosserelle to
use data visualization approaches to produce higherquality inundation maps for storm surge, tsunami, or
river/rain floods.
Other Consultancy projects in 2019 also provided
assistance that ranged from code testing, to application
porting, to platform-specific optimisation, to custom
code design and development.
Highlights include:
• working with University of Waikato researcher Alexis
Marshall to configure Trinity software to run on Mahuika,
improving performance and efficiency with jobs finishing
quicker and using fewer core hours. These methods were
documented in NeSI Support so that other NeSI Trinity
users could also benefit.
• working with GNS Science researcher Yoshihiro Kankeo
to improve his code’s performance by 40%, reducing
his core-hour consumption by 100,000, saving
both operating and energy costs – a win-win for the
researchers and NeSI.
• working with University of Auckland researcher Stephen
Wolfson to increase the computational speed of his
script, reducing the time it takes him to get the results
he needs.
To stay better connected with the communities being
served, NeSI’s computational science team members
introduced a new post-project process in 2019 to survey
researchers supported through the Consultancy service.
This enabled the team to better identify and respond
to researchers’ needs, and allowed NeSI to continue to
refine and improve its Consultancy service.

“Through the Consultancy project we obtained new skills
and access to tools for profiling our code and testing
its efficiency. This helped us to improve the code and
significantly improve our productivity.”
Kannan Ridings, University of Auckland
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“The analysis of our dataset would not have been possible
without the support of the NeSI platform and the associated
team members. NeSI has become an integral part of our
genomic and bioinformatics work.”
PeterNumber
Tsai, University
of Auckland
of consultancy
projects per year

Chris Scott
Research Software Engineer,
University of Auckland

Number of consultancy projects per year
30

25

Alexander Pletzer
Research Software Engineer,
NIWA

Number of projects

20

15

10

5

Wolfgang Hayek
0
2017

2018

Collaborator

Merit

2019

Subscriber

Figure 2: Focused efforts to raise awareness of NeSI’s Consultancy service resulted in a significant increase in the
number of projects supported in 2019.

Connecting with research communities
During 2019, the Consultancy team increased efforts to
develop partnerships and connections with research
communities across New Zealand. Activities included:
• supporting the delivery of training events, such as
Genomics Data Carpentry events and online ‘Quick
Tips’ webinars
• developing advanced training material for Python Code
Optimisation and delivering the training in both online
and in-person formats throughout the year
• delivering presentations at Queenstown Research Week,
NeSI’s Science Coding Conference 2019, eResearch
Australasia 2019, and the Australasian Leadership
Computing Symposium 2019
Targeted efforts were also made in 2019 to connect with
specific research communities, such as those in genomics,
bioinformatics, and engineering, to align with organisationwide efforts to broaden NeSI uptake in the research sector.

Members of the NeSI team attended Genomics Aotearoa’s
Genome Assembly workshop in Auckland to present on how
attendees could access NeSI and benefit from Consultancy
and other NeSI services. NeSI computational science team
members also contributed technical expertise in the ongoing
development of a national data repository for genomic data
sets, being built in partnership with Genomics Aotearoa.
NeSI team members also met with researchers at the
Auckland Bioengineering Institute (ABI) to better understand
their needs for computational science support, training, and
requirements for running key ABI software codes on NeSI’s
national platform. From that connection, members of the
Consultancy team began work to support key ABI software
on NeSI’s HPC platform.

Research Software Engineer,
NIWA
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NeSI Consultancy projects 2019
Project challenge

Researcher(s)

Organisation

Consultancy solution

New Zealand’s Department of Conservation (DOC)
uses a specialised software called Zonation to help
its scientists make decisions around conservation
strategies and allocation of conservation resources.
As part of DOC’s migration onto NeSI’s new
platforms, the Zonation software needed to be
rebuilt and optimised for running on Mahuika.

Amy Hawcroft

Department of
Conservation

Zonation was successfully deployed on Mahuika, following
numerous investigations into rebuild options, and a
reconfiguration of the code. DOC can now continue to
use Zonation as a tool to assist in managing resources and
priorities around ecological zone and habitat protection in
New Zealand.

GNS Science researchers are applying state-ofthe-art seismological techniques and numerical
modelling to shed light on the underlying
mechanism of complex mega-thrust slip behaviour
at subduction plate boundaries. Using existing
and new seismic datasets, they are developing a
dynamical model of crustal deformation that can
reproduce the spectrum of fault slip behaviour at
the Hikurangi subduction zone.

Yoshihiro Kaneko

GNS Science

NeSI team members helped build the numerical tools
required to simulate seismic wave propagation for
the Hikurangi subduction zone, and optimised them
to run in the most efficient manner possible. This solution
has enabled the researchers to reduce their core-hour
consumption by 100,000, saving both operating and
energy costs – a win-win for both the researchers and NeSI.

Researchers at Manaaki Whenua - Landcare Research
are developing a processing pipeline for digital soil
maps to provide consistency between mapping
projects. When they attempted to run their workflow
on Mahuika, it behaved unexpectedly, taking longer
and more CPU power than it should.

James Shepherd

Manaaki Whenua Landcare Research

An audit of the code was conducted, and assistance was
provided with additional code development, to improve the
workflow’s efficiency and performance on Mahuika.

Some of Manaaki Whenua - Landcare Research’s
map services depend on map tile images stored
in Berkeley databases, which are populated via
Mapserver’s Mapcache software. With the increasing
number of map layers being served up, the advent
of HDPI tiles, and higher-resolution data becoming
available, the creation time of these services was
becoming too long.

Michael Speth

Manaaki Whenua Landcare Research

Troubleshooting the Map Cache Builder workflow on
NeSI platforms identified opportunities to reduce runtime
and improve time to solution. Further troubleshooting
and testing of containerisation approaches led to an
improved workflow implemented in a Singularity container.
Also, significant speedups were achieved by enabling
parallel execution in some cases.

Ecological research such as species distribution
modelling requires national scale maps of
environmental variables. Natural neighbour
interpolation provides a potentially useful technique
as it is an exact interpolator, it creates a smooth
surface free of any discontinuities, it is a local
method, and is spatially adaptive. However, efficient
and open code does not exist to facilitate this.

Tom Etherington

Manaaki Whenua Landcare Research

NeSI team members profiled the code to better understand
where time is being spent, and investigated options for
improving performance. The code was optimised and can
now run over the full domain in a reasonable time, enabling
more reliable environmental surfaces to be produced,
to form the basis of future ecological modelling.

Massey University researchers are developing a fast,
parallelisable Julia code for ultra-cold physics studies.
However, recent runs on NeSI showed quite low CPU
utilisation and so they were keen to investigate ways
to improve their code’s performance, as well as learn
more about profiling tools.

Joachim Brand
Ray Yang
Peter Jeszenszki

Massey University

NeSI team members investigated tools for profiling parallel
Julia code on the NeSI platform and shared with the
researchers to use for future code development activities.
Overall, upskilling around profiling and parallel code
development will empower the researchers to
make significant scientific contributions in their field.

NIWA

NeSI team members wrote code to read cubed-sphere data
into Paraview and provided an in-situ visualisation solution
that allows researchers to plot their data as the simulation
proceeds. Also, a new interpolation library (MINT) was
developed that preserves the mathematical properties of
vector fields in LFRic. The insights from this project are
critical as communities, governments, and industry strive to
respond to and prepare for future changes in climate.

NIWA

Visualisation tools were employed to enable faster testing
of the researchers’ model, as well as speed up debugging
and produce results that are easy to understand in a timely
manner. With an adaptive grid and an ability to run smallerscale simulations on general purpose graphics processing
units (GPUs), this model can be used as a building block for
future forecasting tools, better weather analysis, and hazard
management for emergency services and local councils.

NeSI team members are part of an international
collaboration, led by the UK Met Office, to develop
LFRic, a next generation weather and climate
simulation code to replace and improve upon the
Unified Model (UM). Although highly successful,
the UM struggles to scale to the resolution required
to model convective processes at the heart of
cloud formation.
Floods and inundation can be a major threat to
communities and infrastructure. Most inundation
models resolve all simulated areas with the same
resolution, slowing down the program’s run-time, or rely
on an engineer on-hand to work on each simulation.
NIWA researchers are developing a new model to
address these challenges, but needed more effective
methods for testing and developing their solution.

Cyprien Bosserelle
Emily Lane
Richard Gorman
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Project challenge

Researcher(s)

Organisation

Consultancy solution

Data on New Zealand marine mammal populations
and their movements are difficult to obtain,
and protecting these species from human activity
is difficult without understanding their numbers and
behaviour. However, detection and classification
of underwater sounds from different sources is a
challenging and data-intensive task.

Giacomo Giorli

NIWA

NeSI team members trained, tested, and assessed the
performance of machine learning methods to classify three
different sounds produced by echolocating beaked whales.
The results and insights gained from this Consultancy may
become the basis for a more comprehensive neural network
approach applied to underwater surveillance and monitoring.
There are also potential commercial applications in the field
of marine monitoring.

The NZNCM (New Zealand Nested Climate Model)
is a tightly coupled global atmosphere-ocean model
with an additional nested high resolution regional
ocean component around New Zealand. The NZNCM
uses the OASIS coupling library for transferring
boundary fluxes between the model components.
However, challenges were identified with reading
fields into the ocean component.

Erik Behrens
Jonny Williams

NIWA

NeSI team members carried out important modifications to
OASIS to enhance its functionality. The new output option
implemented through this Consultancy should simplify correct
coupling of the nested ocean model, reducing the chance that
inconsistent boundary data is used, and therefore lowering the
chance of erroneous results.

For the past 10 years, James Sneyed has been
working on the construction of a multiscale model
of saliva secretion, in collaboration with a range
of experimentalists in the USA, NZ, Germany,
Japan and Australia. The most recent and nearfinal version of this model needed to be ported
onto NeSI’s HPC platform in order to run tests
and simulations that will be critical for further
advancement of this project and research.

James Sneyd
Nathan Pages
Elias Siguenza

University of Auckland

NeSI team members worked with the project’s primary coder
to understand the code, plan a new implementation, and port
Matlab additions to the C++ code. From this Consultancy work,
the researchers will be able to build a suite of new simulations,
which are expected to lead to at least one publication.

By analysing the brain at different activity states,
researchers at the University of Auckland are hoping
to find differences in the electroencephalogram (EEG)
brain signals between those with Autism Spectrum
Disorder and those without.

Stephen Wolfson

University of Auckland

NeSI team members helped the researchers optimise their
code, learn about code profiling, and improve their workflow
efficiency to get results faster.

Simulating the hundreds of thousands of atomic
collisions that occur as a nanowire heats up requires
processing power well beyond standard computers.
University of Auckland researcher Kannan Ridings
had devised a scheme to automate that entire
process, but he needed assistance with implementing
his workflow on Māui.

Kannan Ridings
Shaun Hendy

University of Auckland

NeSI team members installed LAMMPS software to run the
molecular dynamics simulations for this project. They also
helped Kannan optimise and deploy his scripts to automate
the running of the simulations as well as the post-processing
stage, saving dozens of hours of work.

The appearance and development of sedimentary
rhythmic bedforms in sandy environments are very
complex, and their evolution is still unclear.
To enhance their understanding of these, researchers
at the University of Auckland wanted to be able to see
vortices in 3D, particularly along the flow of water.

Chuang Jin
Giovanni Coco

University of Auckland

NeSI team members helped the researchers develop
capability for visualising 3D flow from their HPC simulation
and experiment using ParaView visualisation software.
Insights from this work will help improve the predictions of
ripple evolution, contributing to a research collaboration with
John-Hopkins University in the United States.

A significant swath of Canada’s western Arctic is
underlain by massive tabular ice, thought to be a
remnant of past glaciations. Researchers had
assembled numerical components to build a more
accurate landscape evolution model to simulate
erosion changes, however their code took many
days to run a simulation of a few decades. In order
to push the model out to the century scale, they
needed assistance with optimising their code and
parallelisation of the core routines.

Jon Tunnicliffe
Steve Kokelj

University of Auckland
& collaboration with
NWT Geoscience
Office, Canada

Many changes were made to the structure of the code to
improve robustness, including taking a more object oriented
approach, adding a new build system, documentation,
testing framework, continuous integration and automatic
deploys of releases using online services such as Appveyor and
Travis-CI. Future development of the code will be much easier
as a result of these changes (and safer too). Optimisations were
also carried out in key algorithms and parallel code introduced
where possible.

OpenSees is an open source, community finite
element code that simulates the response of
buildings to ground shaking. Researchers were
currently applying OpenSees to 50x50x50
resolution problems, but needed to increase the
resolution to 500x500x50 in order to avoid boundary
conditions effects.

Chris McGann

University of
Canterbury

NeSI team members profiled the code to better understand the
existing code’s execution time, and see how different builds
affected execution performance. Outcomes included a lift in the
researchers’ capabilities to profile and optimise their code.
Other NeSI users of OpenSees will also benefit from the
resulting optimised version of OpenSees.

University of Waikato researcher Alexis Marshall
is researching the microbial ecology of marine
sediment, analysing its genetic makeup to identify the
unique species that make the sediment their home.
To do this, she was using the RNA transcriptome
reconstructor, Trinity, on Mahuika, but her jobs were
taking a long time and using a lot of memory.

Alexis Marshall
Maria Rovisco
Monteiro

University of Waikato

NeSI team members investigated parallelisation options for
improving Trinity’s efficiency, as well as set up Slurm scripts to
automate running the different steps of Trinity as different Slurm
jobs. Their findings and methods were documented in NeSI
Support so other NeSI Trinity users could benefit. Alexis can
now can get an assembled data set to ask questions in 48 hours
instead of three weeks.
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Training
Megan Guidry
Research Communities Advisor,
University of Auckland

Callum Walley
Application Support Analyst,
University of Auckland

NeSI is committed to sharing expertise and building capability in New Zealand’s
research communities and institutions, improving researchers’ ability to adopt
eResearch techniques that today’s complex questions require. NeSI embeds
training programmes within institutions and communities, taking a leadership
role in growing capacity and changing research culture.
Hiring a Research Communities Advisor with a specific
focus to support computational skills training resulted
in significant growth of NeSI training impacts in 2019.
Working with NeSI’s Computational Science and
Applications Support teams, Megan Guidry coordinated
an expansion of training formats and topics, to better
connect NeSI training efforts with the needs for both
upskilling the ecosystem as a whole, as well as providing
specialised training for advanced capabilities.

Expanding offerings to achieve
greater impacts

Anthony Shaw
Application Support Analyst,
University of Auckland

Dinindu Senanayake
Genomics Support Specialist,
University of Auckland

Alexander Pletzer
Research Software Engineer,
NIWA

To reduce barriers to access and expand the reach of
NeSI’s training efforts, new online resources and
knowledge base materials were developed in 2019.
A regular programme of training webinars and online
Hacky Hours were launched, increasing the learning and
networking opportunities for NeSI researchers, some of
whom are located in rural or remote areas.
As a result, more users than ever are better positioned to
take full advantage of NeSI infrastructure. Additionally,
these online training sessions were recorded and shared
via NeSI’s YouTube Channel. This practice provides a
growing knowledge base of new training content for
researchers to easily refer back to lessons they received,
or, if they couldn’t attend a live session, enables them to
learn at their own pace on their own time.

Lifting skills across New Zealand’s
wider research ecosystem
Building basic computational skills early in a researcher’s
career enables them to be active contributors to projects
that can push our boundaries of discovery. It also opens
doors for researchers to communicate and connect
with international peers using a common language.
The Carpentries is a global program to teach foundational
computational and data management skills to
researchers. Since 2017, NeSI has partnered with The
Carpentries to promote training best practices and
software / data reproducibility across research domains
and communities in New Zealand.

Alongside coordinating NeSI’s own training activities,
NeSI Research Communities Advisor Megan Guidry also
took on the role of Carpentries Regional Coordinator
for New Zealand, becoming a vital connector among
the wider ecosystem’s training community of learners,
instructors, partners, and advocates. This has contributed
to a key objective within NeSI’s national training strategy,
to establish and improve the reproducibility and
sustainability of training efforts across the country.
Coordination at a national level lifts the capabilities of all
New Zealand research institutions and communities by
enabling the self-organisation necessary for increasing
local fundamental coding and data management
workshops.
By facilitating these efforts and working collaboratively
with communities, NeSI is contributing to capability
building and training delivery that is sustainable and
training opportunities that are more equitably distributed.

Collaborating to develop digital skills
across research domains
NeSI was able to reach and support a wider community of
researchers in 2019 thanks to stronger connections built
with collaborators and partners across research domains.
Examples include hosting a Machine Learning Hacky
Hour in partnership with NIWA staff, and NeSI
Applications Support Specialist Callum Walley
embedding himself as an in-person, hands-on resource
within the University of Auckland’s Engineering faculty
once a week. These activities, targeted at domain-specific
challenges and interests, created new opportunities for
broadened uptake of NeSI, and enabled new
communities of researchers to advance their skills in
computational research approaches.
NeSI training efforts also connected with more researchers
in the bioinformatics and ‘omics fields. Megan Guidry
and Dinindu Senanayake from NeSI worked closely with
Ngoni Faya from Genomics Aotearoa to collaborate with
institutions across New Zealand and significantly increase
training for bioinformaticians across the country.
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Capping off the year, NeSI supported an intensive
three-day Metagenomics Summer School hosted at
the University of Auckland by Genomics Aotearoa.
This inaugural event was extremely well-received,
particularly as the multi-day training format allowed
delivery of in-depth and tailored materials. Following
that specific event, three researchers followed up and
requested accounts on NeSI, demonstrating the direct
benefit and impact from participating in the session.

In 2019

2.5x

more training
events were
delivered

71%

increase

87%

across 14 different
locations, hosting
participants from 19
different institutions

in Carpentries
instructor training
completion rates
(compared to 2018)

instructor training
attendees helped
or instructed in at
least one Carpentries
workshop
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Carpentries
activities
delivered

includes skill-building
workshops, instructor
training courses, and
community chat/
networking events

13

includes Genomics
Data Carpentry
workshops,
genomics-focused
online Hacky Hours,
and other
bioinformaticsrelated sessions

254

Bioinformatics
and genomics
researchers trained

Bioinformaticsrelated training
events
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Objectives

Meeting our
objectives
NeSI focuses on the following objectives, tracking performance
against related Key Performance Indicators (KPIs).

1

2

Support New Zealand’s
research priorities

Annual case studies
published aligned with
government priorities
Target

Status

Target

5

Annually, users
indicate that NeSI
services meet their needs
Status

>80 92.5
%

User Satisfaction

STATUS
Status

Target

%

Utilisation

Enhance national service delivery
consistency and performance to
position NeSI for growth

Annual availability
of services

Target

Status

Availability

6

Realise financial contributions
and revenue targets to enhance
NeSI’s sustainability

Contract-to-date,
ratio of collaborator
commitments to Crown
contribution

>98 99.9
%

Status

+20% 46.6%

Users

Make fit-for-purpose
investments aligned with
sector need

Increase fit-for-purpose
use of national research
infrastructure

Annual change to
utilisation of national
platforms

>50 192

Case Studies

Target

3

Annually, users
report significant
benefit to any project
from NeSI services

≥20 20

4

Grow advanced skills that can apply
high-tech capabilities to challenging
research questions

%

Target

Status

>95 100%
%
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Measuring impact
NeSI is also working with MBIE to
develop a future KPI that will
measure the impact of research
outcomes from projects using
NeSI services and infrastructure.
This measure will quantify:

This compares favourably with
the New Zealand research sector
as a whole for the same period,
which has an average field-weighted
citation impact of 1.53 and 8.8
citations per publication.

• NeSI’s ability to improve the quality
of the research

While NeSI’s is a small sample size,
citation analysis does indicate the
broad impact of NeSI-supported
research across a range of domains.

• NeSI’s targeted focus on the right
areas by choosing high impact
research projects
Over the last six years, NeSI has a
field-weighted citation impact of 1.72,
with 19.1 citations per publication*.

341
1,333
1.72
6,523
19.1
Entity: NeSI Publications 2020-03-03. Year
range: 2014 to 2020. Data source: Scopus,
up to 19 Feb 2020.

Number of journal
articles published

Authors

Field-weighted
citation impact

Citation count

Citations per
publication
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NeSI continues to meet a constantly increasing scale
and variety of research needs, managing a steady
progression of growth in infrastructure use as well
as users.
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Figure 3: During 2019, a number of QuakeCoRE projects have
been active users on Māui.

The Deep South Challenge usage of NeSI HPC platform
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NeSI’s platforms and services support some of New Zealand’s largest national
research collaborations, including QuakeCoRE (Figure 3), the Deep South
National Challenge (Figure 4), and Genomics Aotearoa (Figure 5).
In addition to advancing research efforts on a local scale, NeSI’s support of
these large-scale national projects also strengthens New Zealand researchers’
connections in the global research community, through publications of new
and valuable insights in their research fields.

Ma- ui

Kupe

Figure 4: Māui is used to support the significant computational
demands of climate modelling projects related to the Deep South
National Challenge.
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The case studies in 2019 are spread throughout this report and profile
researchers based at NeSI’s four collaborator institutions — the University
of Auckland, University of Otago, Manaaki Whenua - Landcare Research,
and NIWA — as well as researchers who work with Callaghan Innovation,
Genomics Aotearoa, GNS Science, Waikato University, and partners within
The Carpentries community. The case studies were published on NeSI’s
website, shared over social media, and used in conference presentations to
showcase how NeSI meets a diverse scale and variety of research needs.

0

Kupe
Kupe

Total core hours

Each year, NeSI gathers success stories from users and user communities
to highlight the ways NeSI resources, support, and expertise delivered impact
and benefit to the New Zealand research sector.

0

Pan

Figure 5: Genomics Aotearoa researchers have been active users
of Mahuika ever since it came online in 2018.
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Supporting a diverse research sector
Throughout 2019, NeSI supported use across a broad range of research
domains (see Figure 6). This was due in part to increased training activities
targeted at introductory and ‘getting started’ levels to encourage researchers
across all domains to scale their projects onto larger, more powerful
computing systems. Also, targeted outreach efforts built new connections
with Engineering research communities at the University of Waikato and
University of Auckland, and new advanced training content was developed
with focuses on genomics research skills, machine learning approaches,
and tools for accessing or sharing large data sets.

Georgina Rae

Nooriyah Lohani

Jana Makar

Science Engagement Manager,
University of Auckland

Research Communities Advisor,
University of Auckland

Communications Manager,
University of Auckland

Within the broader research sector, Nooriyah Lohani, NeSI’s Research
Communities Advisor, led and contributed to a range of local and
international Research Software Engineer (RSE) community-building
and knowledge-sharing initiatives. She worked with Australian and UK
representatives to coordinate an NZ chapter of the International RSE Survey,
and she analysed and presented the NZ findings of that survey across a
number of local and regional channels (ARDC Tech talk webinar – February
2019, eResearch NZ – February 2019, Science Coding Conference – August
2019). In September 2019, Nooriyah was named as one of six inaugural
members of a new steering committee to guide and better support RSEs in
New Zealand and Australia, and she is now co-Chair of that Committee.
Also, Jana Makar, NeSI’s Communications Manager, is coordinating a
collaboration with counterparts in Australia to establish an Australasia Chapter
of the global organisation Women in HPC (further details of that work is
described on page 34).
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Figure 6: All domains saw some level of increase or sustained use during 2019, with Biology experiencing the great surge in growth.
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NeSI welcomed four new organisations to its user community in 2019 — Auckland University of Technology (AUT), Bragato Research Institute, Malaghan Institute of Medical Research,
and Plant & Food Research. This has opened the door for a new cohort of users and communities to begin accessing NeSI resources and support, expanding the range of research domains
benefiting from NeSI’s national platforms.

In September 2019, NeSI hosted its
largest ever Science Coding
Conference, with 60 attendees
including many new faces and a
growing diversity of representation
from across New Zealand. Hosted in
Christchurch, the event featured
discussions around key drivers of
code development and applications
supporting New Zealand research,
including possibilities around
machine learning and data science.
In February 2019, more than 150
leaders and innovators from research
communities across New Zealand and
overseas gathered in Auckland for
eResearch NZ’s 10th anniversary event.
Co-hosted by NeSI and REANNZ, and
sponsored by Microsoft, Cray, Dell /
EMC, Figshare, and Catalyst Cloud,
the conference was themed “People
Powered Research” and featured talks
on indigenous data, sensitive data,
digital preservation, Research Data
Management (RDM), and eResearch
workforce development.

Also, members of the NeSI team
were involved in a number of
activities in 2019 that initiated
conversations and created
opportunities for recognising and
encouraging diversity and inclusion
in New Zealand science and
research. These included:
• NeSI joining a Diversity and
Inclusion Working Group created
by Australasian eResearch
Organisations (AeRO).
• NeSI hosting a Birds-of-a-Feather
session at eResearch Australasia
2019 to explore interest in
establishing an Australasian
Chapter of Women in High
Performance Computing (WHPC).
• Launching a WHPC working group,
with representation from NeSI,
AeRO, Pawsey Supercomputing
Centre, Monash University, and
NCI Australia.

• September 2019 – NeSI team
member Alexander Pletzer was a
keynote at OpenMPCon, sharing
an overview of NeSI’s HPC platform
and highlighting some of the ways
OpenMP is used in research in
New Zealand.

Strengthening international
collaborations
During 2019, NeSI team members
attended and presented at a number
of Trans-Tasman and overseas events:
• July 2019 – NeSI Engagement
Manager Georgina Rae travelled
to Chicago, IL to present at the
annual Practices and Experiences
in Advanced Research Computing
(PEARC) Conference. Following the
conference, she met with members
of the Argonne National Laboratory
team to discuss their approach to
data science and learning, user
support, training, user experience,
and industry engagement.
• July 2019 – NeSI Training
Coordinator, Megan Guidry,
attended the Australian eResearch
Skilled Workforce Summit, to
discuss the skills needed to survive
and thrive in this new world of dataenabled research.

• October 2019 – Multiple members
of the NeSI team travelled to
Brisbane, Australia for 2019
eResearch Australasia, hosting
sessions and participating on panels
on topics of research communitybuilding, digital skills training,
and research data management.
• November 2019 – NeSI partnered
with NCI Australia and the Pawsey
Supercomputing Centre to host the
Australasian Leadership Computing
Symposium. NeSI team member
Wolfgang Hayek delivered a plenary
presentation on NeSI and its
Consultancy service, and NeSI team
member Alex Pletzer presented in
the programme’s climate weather
stream.
• November 2019 – Multiple NeSI
team members attended
Supercomputing 2019 in Denver,
CO. Valuable knowledge was
gathered in areas of cloud and
distributed computing, data
analytics, visualization, machine
learning and HPC.
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Objective 2

Grow advanced skills that can apply
high-tech capabilities to challenging
research questions
NeSI works closely with New Zealand research organisations and communities to build sustainable,
scalable training programmes that enable and empower researchers to tackle large or highly
complicated scientific challenges.
The training needs of New Zealand
researchers are incredibly varied
and learning new skills takes time
— often more time than the typical
two-day duration of most training
workshops. To address these
challenges, NeSI took steps in 2019
to expand and diversify its training
offerings and approaches.

Targeting support and
training efforts
To further support the growing
community of researchers
considering data science techniques
for their research, NeSI ran three data
science / machine learning Hacky
Hours. These were delivered in
partnership with NIWA in Wellington
and University of Auckland Faculty
of Medical and Health Sciences,
as well as hosted during NeSI’s
Science Coding Conference.

In addition to helping new users get
started with research computing,
NeSI also recognised there was a
desire amongst some existing users
to further advance their HPC skills.
Users who were comfortable using
the platforms wanted to know how
they could optimise their code and
outputs. NeSI staff responded by
developing a training curriculum
targeted at performance optimisation,
covering topics such as code profiling,
optimisation, and parallelisation for
those looking to take their jobs to the
next level. This material was available
online for all NeSI users and was
delivered in two hands-on workshops
in 2019.

optimisation techniques, and profiling
tools has enabled many researchers to
repurpose and implement those skills
into future work and other projects.

NeSI’s Consultancy projects have
also uncovered opportunities for
transferring and embedding essential
digital skills in research groups. NeSI
experts providing instruction and
guidance around using Github, code

Number of active users on NeSI HPC platform

Overall, these targeted support and
training activities contributed to an
increase in the number of active
users on NeSI’s HPC platform in 2019
(see Figure 7).

Closing feedback loops

improve NeSI’s collection and
response to user feedback. A range
of feedback sources were identified
(support tickets, workshop feedback,
end of allocation surveys, anecdotal
feedback) and this was fed into
NeSI’s user journey mapping work,
providing useful evidence to
articulate pain points in the voice of
the researcher.
Also, the team delivering NeSI’s
Consultancy service now completes
all Consultancy projects with a
feedback survey, which has increased
the visibility of researcher input and
helped improve the service.

To ensure NeSI resources and
services provided were meeting
researchers’ needs, and to identify
and resolve any barriers to entry or
use, efforts were made in 2019 to

1200

1000

368
494

“It’s been helpful to have routines
optimised through NeSI assistance.
They’ve helped with the user interface,
so it’s easier for students and
researchers to put their data into the
model, experiment with the governing
parameters, and then observe what
comes out of it.”
Dr Jon Tunnicliffe, University of Auckland
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Figure 7: The chart above shows the evolution of NeSI’s user base over time. In 2019,
NeSI training workshops brought in more than 100 users. Some of those researchers have
yet to run HPC jobs outside of the training sessions, but it opens the door for them to use
the systems again in the future. Many registered for a project to continue using NeSI after
the training session so are counted as users of HPC. The “Other users” are members of
projects who might be contributing to data generation and analysis, modelling, or other
aspects of work while not running HPC workloads themselves.
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Career stages of NeSI users in 2019
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2%
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Other
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Figure 8: While active researchers make up the majority of NeSI’s user base, 38% of NeSI users are students which is
significant as these represent a future generation of researchers who also have potential to eventually collaborate with
or move into industry. This kind of early career experience with NeSI HPC has long-term potential of driving ongoing
or new uptake of the NeSI subscription service.
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NeSI uses the Net Promoter Score (NPS) as a measure of user loyalty,
to indicate the likelihood of a user to recommend NeSI to a colleague.
Scores range from -100 to +100., with a score over 0 deemed as good,
and over +50 as excellent. Over time, NeSI has had a consistently excellent
score, indicating researchers are very likely to recommend NeSI to their
colleagues (see Figure 9).
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Figure 9: While NeSI’s NPS dipped slightly from 2017 to 2018, this is attributed in part to
moving onto the new HPC platforms. Since 2018, NeSI’s NPS has been back on the rise and
is expected to continue to grow as the NeSI team has focused in 2019 on improving its users’
journey and experience.
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Objective 3

Increase fit-for-purpose use of
national research infrastructure
Rapid growth in demand of NeSI’s new infrastructure is evidence of unmet needs
within the research sector and demonstrates a vote of confidence in NeSI as an
essential connection within New Zealand’s eResearch ecosystem.
As computational capabilities develop, research
becomes possible at larger scales, with finer resolutions,
and addressing even greater complexity. A large focus
during 2019 has been to roll out enhanced and new
services, layered upon the national platform, to deliver
fit-for-purpose support and capabilities to research
projects across a number of fields, from machine
learning to genomics to climate modelling.
In particular, NeSI focused on enabling researchers to
gain more insights and create more intuitive solutions
using analytics and machine learning. Expertise in areas
of machine learning has been developed within NeSI’s
Computational Science Team, and shared through
Consultancy projects (see case study on Page 50).
New content outlining available resources and tools for
leveraging machine learning on NeSI systems was added
to the NeSI website in July 2019, and new training materials
are being developed to support researchers in these areas.

Lifts in utilisation through fit-forpurpose allocations
During 2019, NeSI focused on delivering fit-for-purpose
allocations across its national pools, which has seen
results of significant lifts in utilisation of Māui by a broader
range of institutions. Māui usage in particular has been
driven by the Deep South Challenge and Earth System
Modelling research from NIWA, joined in the later half of
2019 by projects out of Victoria University, the Auckland
Geothermal Institute, and QuakeCoRE. As usage
grows, NeSI is committed to optimising the platform,
its allocation, and its fair use (see Figure 10).
Enhancements and expansions to NeSI’s stakeholder
reporting process resulted in new monthly formats
developed for Collaborators and Subscribers to enable all
parties to better understand usage patterns, opportunities
for targeted support or training, and areas for improvement.
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Figure 10: As more core hours have become available, NeSI has witnessed increases of core hours utilised across all allocation classes.
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Drivers for growth in usage
During 2019, increased utilisation has come largely from Collaborators across
the total platform (Māui + Mahuika). Outside of the Collaborators, the Merit
and Subscription schemes have brought in a number of heavy user groups in
wider institutions such as Massey University, Victoria University of Wellington,
and LIC, who have been working at scale for a number of years. Last year, GNS
and Genomics Aotearoa’s work scaled up with subscriptions and this year AUT
began a push to get a number of its researchers on to NeSI.
NeSI continues to grow its user base through strong partnerships with
Genomics Aotearoa, which has also opened doors for building engagement
with Plant & Food Research, AgResearch, and ESR. At the University of
Total number
of new active
Waikato,
NeSI supported
a projects
new Masters level paper designed to prepare
New Zealand postgraduate students for learning and building the skills
required for computational research, no matter what their field of science
(see case study on Page 48). Meanwhile, new compute subscriptions
from AgResearch and AUT enabled a new cohort of researchers at those
institutions to access NeSI services driving up active projects (see Figure 11).
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Figure 11: In 2019, a majority of new projects on NeSI were from Subscribers. This demonstrates a lift in awareness across institutions
across the sector, and indicates continued growth in demand for eResearch infrastructure and services.
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Platform

12 months ending on 31.12.18
(CPU core hours used)

12 months ending on 31.12.19
(CPU core hours used)

40,065,689*

n/a

Mahuika

11,557,942*

45,393,899

Māui

9,674,850*

44,493,476

Past platforms
(Pan, FitzRoy, Kupe)

Total

61,298,481

*Note: Platform was not operational for the whole year.

Improvements to research programmes and
allocations management
During 2019, NeSI reviewed its resource allocation processes and practices to
identify areas for improvement and enable greater flexibility in supporting an
increasingly diverse set of projects. NeSI also reviewed and refined the way it
stores researcher, project, and allocation information in its internal databases,
towards a goal of improving its user journey mapping and stakeholder
reporting processes. Design work on a new NeSI research project database is
currently in test mode, with the focus of the new design aimed at supporting
multiple resource type allocations (HPC core hours, GPUs, consultancy) and
introducing programmes and contracts into the existing data schema.

“NeSI consulting was instrumental in migrating
our application to run on a cluster.”
Michael Speth, Manaaki Whenua - Landcare Research

% Change

89,887,375 46.6%
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Case Studies

Developing
better
diagnosis
methods
for autism
spectrum
disorder

41

The Challenge:
To create a biomarker for autism
spectrum disorder by applying
fractal analysis to EEG brain signals.

“NeSI’s participation in our
project is essential. It allows
us to have a more robust
computational capacity.”
Dr Stephen Wolfson, University of Auckland

One of the most difficult aspects of autism spectrum
disorder (ASD) is that no two people who have
ASD experience it in exactly the same way. ASD
is a spectrum that includes many mental health
conditions, such as autism, Asperger’s syndrome
and other, non-classified developmental disorders.

dimension of that EEG. Complex dynamic systems like the
functioning of the human brain are impossible to model
using traditional mathematics. Therefore, we rely on
chaos theory mathematics including fractal analysis.”

According to New Zealand’s Ministry of Health, the most
common and well-known form of ASD – autism – affects one
out of every 100 New Zealanders. Those with ASD may have
difficulties with communication and social interaction, as well
as a tendency towards repetitive behaviours and interests.

EEG signals are complex and can vary widely between
individuals at different times and while performing different
tasks. By applying fractal analysis, Wolfson can measure
how the complexity of the signal changes under stress.
Healthy living systems - like the heart and brain - produce
more complex signals, which can be measured and
compared to more atypical ones.

It’s because of the high variability of symptoms that ASD is
so difficult to diagnose. Now, clinical psychologist Stephen
Wolfson from the University of Auckland is using NeSI
supercomputing to develop a biomarker in brain activity
to detect ASD.

However, chaos theory and the fractal analysis needed for
this experiment require vast amounts of computing power
– potentially taking weeks or months. Wolfson estimates
one calculation of one patient requires over one Terabyte of
RAM. This is why NeSI’s participation was so important.

“I have 20 years of clinical experience. I have had a lot of
experience working with autism directly. One of the largest
problems with autism is that it’s very difficult to diagnose,”
Wolfson says.

“NeSI’s participation in our project is essential. It allows
us to have a more robust computational capacity.
These algorithms that provide this fractal measure do vast
amounts of calculation. They have to measure very tiny
distances between different values given by the EEG
recordings and apply mathematical manipulations on those
measurements. Those calculations require a lot of RAM and
computational power. It’s really only possible to do these
calculations on large data sets using a cluster computer.”

Clinicians who diagnose ASD rely on two important
documents: The Diagnostic and Statistical Manual of Mental
Disorders and the International Classification of Diseases.
Both diagnose ASD by behavioural symptoms. Because ASD
has so much variation, this can lead to ASD patients left
undiagnosed, or patients with other conditions
misdiagnosed with ASD.
“It’s an observation by a trained clinician along with
information from family, peers and teachers. It uses
subjective behavioural information. It is therefore subjective,
error-prone and potentially inaccurate.”
It’s because of this inaccuracy that Wolfson wants to
develop a way to detect autism through electroencephalogram (EEG) brain signals. By analysing the brain during
three different states – at rest, while playing a card sorting
game and while recognising faces – Wolfson hopes to find
differences in EEG signals between those with ASD and
those without.
“Under cognitive load in an area that is distinguished
by people on the autism spectrum not functioning as
well, we may be able to detect a reduction in the fractal

Wolfson says he also found NeSI team members invaluable
to the study, helping Wolfson to write portions of his script
to increase computational speed. Ultimately, Wolfson hopes
this work will lead to improved methods for clinicians to
discover and differentiate autism – perhaps to better
understand the condition as well. It may lead to earlier
detection, giving families more time to plan for this lifelong
condition. With treatment started earlier, patients and
families may suffer less emotional impact from the
difficulties that arise through ASD and help limit the societal
cost from misdiagnosis. Through Wolfson’s work and
support from NeSI, those who live with ASD have a chance
at a happier, more productive life.

NeSI’s Solution:
High performance computing power
harnessed to apply calculations to
millions of EEG data points.
The Impact:
A better way to diagnose autism,
cutting down on incorrect diagnoses
and reducing the financial cost on
families and society.
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Case Studies

A fast model
for predicting
floods and
storm damage
“Right now, physics-based inundation models
are too slow to be used for forecasting.
You only know enough about the event to run a
simulation for a couple of days beforehand,
so by the time you run it, the event has passed.”
Dr Cyprien Bosserelle, NIWA
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The Challenge:
Floods and inundation can be a
major threat to communities and
infrastructure. Current forecasting
tools can predict such events but
are often too slow to test many
scenarios or react in real time.
Visualization is a key part of both
developing and running such
models, to speed up debugging
and produce results that are easy to
understand in a timely manner.

According to the Ministry of Civil Defence and
Emergency Management, floods are the largest hazard
to New Zealand, due to their frequency, losses incurred
and emergency situations caused. The Ministry
estimates the total costs of flooding in New Zealand to
be more than $125 million each year. Because of this,
fast, adaptive predictions are needed for emergency
services and local councils, to stop the destruction of
property and potential loss of life.
Dr. Cyprien Bosserelle is a hydrodynamics modeller at the
National Institute of Water and Atmospheric Research
(NIWA) in New Zealand. He has created a numerical
model for simulating inundation. Inundation is the
presence of water on usually dry land – this includes
flooding from rivers, storms and tsunamis.
“Right now, physics-based inundation models are too
slow to be used for forecasting. You only know enough
about the event to run a simulation for a couple of days
beforehand, so by the time you run it, the event has
passed,” said Cyprien.
Most inundation models resolve all simulated areas with
the same resolution, slowing down the program’s runtime, or rely on an engineer on-hand to work on each
simulation. Cyprien’s model improved this by changing
the resolution of different areas as the model runs, only
resolving areas of interest. To test his adaptive resolution,
Cyprien worked with software engineer, Wolfgang Hayek,
one of NeSI’s Computational Science Team members
based at NIWA. Wolfgang introduced Cyprien to employ
visualisation tools to enable faster testing of his model.
Using the ParaView Catalyst library, it is now possible to
produce images in real time while the model runs using
an approach known as “in-situ visualization”.

changing memory throughout the simulation’s run will
be important for keeping track of bugs and inefficiencies.
The model currently works well for river and storm surges,
but not for waves causing coastal flooding. This is the
next step for Cyprien.
“Simulating waves is trickier than just river and storm
cell inundation. Now we have a straightforward way of
visualising memory, it will be useful for viewing these
wave variables as it’s running,” said Cyprien.
This model will be used for hazard assessments for
construction and communities. It will help inform local
councils and emergency services during extreme
weather events. It will allow them to decide where best to
deploy first responders, when to issue weather warnings
and when to evacuate areas. It can also be used to create
better weather forecasting tools.
“This model is a building block for future early warning
systems. It can also be used to run precomputed
weather scenarios, to inform forecasting tools. It’s fast
and adaptive, so it can run more scenarios than current
models. This means we’ll have more information on future
weather events,” said Cyprien.
The model is designed to work on supercomputers, such
as NeSI’s Māui supercomputer, which Cyprien used to run
larger simulations. However, it is also adapted to smallerscale simulations on general purpose graphics processing
units (GPUs). The model is available to the public on
GitHub, however the adaptive, multi-resolution element is
still being tested and will be available in the future.

“The algorithm creates an adaptive grid for changing
resolutions. It’s a bunch of squares that change size in
the computer’s memory as the simulation runs. But while
testing it, I hit a dead spot. Rendering this grid in the
traditional way is not trivial – it would take longer to
render the result than run the model each time I wanted
to find errors. I approached NeSI and we started talking
about visualisation,” said Cyprien.
“The NeSI team modelled the memory itself, so the layout
of the squares in that grid could be viewed directly within
the model. This made my workflow easier. It allowed me
to find my errors faster and improved my workflow while
I was debugging.”
In-situ visualisation will also help Cyprien in the future
as he expands the model. Larger models require more
complex adaptive grids, so being able to view the

NIWA researcher Dr. Cyprien Bosserelle tapped into NeSI’s
visualisation expertise to support a model he’s developing
(pictured in the simulation above) for hazard assessments for
construction and communities.

NeSI’s Solution:
Tapping into NeSI’s visualization
expertise to support building a
model that produces visualizations
as it runs, reducing development
time and making the simulation
workflow faster.
The Impact:
With an adaptive grid and an ability
to run smaller-scale simulations
on general purpose graphics
processing units (GPUs), this
model can be used as a building
block for future forecasting tools,
better weather analysis, and hazard
management for emergency
services and local councils.
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Making
waves in
global food
production
technology
“Our research has revealed that symbiotic
microbes in the hindgut of New Zealand
seaweed-eating fishes convert seaweed
and atmospheric nitrogen into compounds
of nutritional value to fish.”
Dr Kendall Clements, University of Auckland
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The Challenge:
Addressing global food production
challenges in a novel and
sustainable way.
NeSI’s Solution:
Working with more than 1 TB of
sequence data, the researchers are
relying on Mahuika, NeSI’s newest
supercomputer, to run their genome
assemblies and -omic data analyses.

Kyphosus sydneyanus (the Silver Drummer), native to
temperate NZ and Australia, is one of the kelp-eating
fishes inspiring research into a novel system for the
global food supply chain. Photo taken at the Poor
Knights Islands. Source: Kendall Clements

The world’s increasing demand for food generates a
powerful economic imperative for innovation in food
production technology. Professor Kendall Clements
(University of Auckland), Associate Professor Lindsey
White (Auckland University of Technology), and their
team are using NeSI computing resources to support
investigations of a novel system that has the potential
to create several new products for the global food
supply chain. What spawned their idea to tackle
challenges in food production? The belly of a fish.
“Our research has revealed that symbiotic microbes in the
hindgut of New Zealand seaweed-eating fishes convert
seaweed and atmospheric nitrogen into compounds of
nutritional value to fish,” says Kendall. “These hindgut
microbes provide an important source of nutrition to the
fish, and these novel organisms can be grown in culture.”
That’s where the potential lies. Culturing the microbial
communities to bioconvert abundant and sustainable
seaweeds could effectively address four global problems:
• the economic and environmental costs of feeding
capture fish to cultured fish
• the unsuitability of many terrestrial protein sources for
aquaculture feeds due to the lack of critical nutrients
and the presence of compounds inhibitory to digestion
• current roadblocks to using abundant seaweed biomass
to produce aquaculture feeds
• the growing demand for sustainable agricultural fertiliser.
“This is a completely novel idea on an international level,
as we have only just discovered and begun to understand
the microbial and physiological processes in NZ fish
underpinning it,” says Kendall.
The innovative nature of this work has already caught
the attention of the Ministry of Business, Innovation
& Employment (MBIE). Kendall and Lindsey’s project
was one of 69 recipients in the 2018 round of the
Endeavour Fund, New Zealand’s largest and highest value
contestable science fund.
The Endeavour grant, worth more than $6 million over
five years, will be led by Kendall and Lindsey, with
Associate Investigators Dr Kim Handley (UoA), Prof.
Esther Angert (Cornell University), and graduate students
Samantha Stevenson, Alessandro Pisaniello and César
Facimoto using NeSI computing resources to support the

work. Other collaborators include Associate Investigators
from the University of Canberra and Callaghan Innovation.
The project also includes key partnerships with industry,
including Waikaitu Ltd. and P&S Seaweed Harvesters in
New Zealand, Enviroflight LLC and Kampachi Farms LLC
in the US, and Ridley Aquafeeds in Australia. This new
programme builds on previous research by Kendall and
Lindsey’s research group, funded through an MBIE Smart
Ideas grant, which also relied on NeSI resources.
“NeSI was integral to our research that led to this current
grant,” Kendall says. “The molecular work associated with
this research generates huge amounts of data, and NeSI’s
resources provide critical computing infrastructure.”
Now, with potential to generate well in excess of 1 TB of
sequence data, this new programme will take Kendall
and Lindsey’s computational needs to another level.
They’re using Mahuika, NeSI’s newest supercomputer,
to run their genome assemblies and -omic data analyses.
“Approaches such as assembling whole genomes
from shotgun-sequenced metagenomes are highly
computationally intensive, especially given the high
diversity found in the hindgut communities of our fish,”
says Kendall. “However, this is a very powerful tool for
determining which community members are doing the
heavy lifting in terms of kelp bioconversion.”
Over the next five years, these studies into converting
kelp to high nitrogen plant and animal feeds could
create a number of new economic opportunities for
New Zealand. For example, fermentation end products
are desirable as organic fertilisers. By developing the
culture technology and methodology to maximize the
production of these, it could decrease the need for
more harmful fertilisers currently used. Also, these end
products can act as a food source for black soldier fly
larvae, which have growing global importance as feed
components for aquaculture and poultry.

The Impact:
Converting kelp to high nitrogen
plant and animal feeds could
create a number of new economic
opportunities for New Zealand, and
contribute to more sustainable and
environmentally-friendly practices in
food supply chain processes.
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Understanding
the structure
of gold and
platinum
nanoclusters
“Working with NeSI was very smooth. We were able to do these
two very different types of calculation without significant downtime, despite having new people come onboard halfway through.
The students communicated with NeSI staff who got them set up,
deal with issues, and inform them when we filled our quota.”
Dr Anna Garden, University of Otago
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The Challenge:
Gold and platinum nanoclusters have
unique properties that can be used in
many industries, but because of their
size they are difficult to model.
NeSI’s Solution:
To use NeSI’s Mahuika supercomputer
to calculate potential low-energy
nanoclusters and compare them to
experimental work.

Nanoclusters are particles around one million times
smaller than a centimetre in size, made of dozens of
atoms. At this size, these particles have interesting
chemical and physical properties that make them
useful in medicine, clean energy and chemical
processing. Dr Anna Garden is a computational
chemist at the University of Otago. By using NeSI
supercomputers, Anna and her team were able to
calculate the energies of different nanoparticle
structures of gold and platinum atoms.
The nanoclusters Anna and her team studied had been
synthesised through laboratory experiments in the past.
These clusters were between 55 and 309 atoms in size
with the potential to be used as catalysts in chemical
reactions, including hydrogen fuel storage.
“Our collaborators in the UK discovered gold and platinum
nanoparticles have quite different structures, which is
surprising because they’re neighbours on the periodic
table; you’d assume they’d behave similarly. We therefore
wanted to perform calculations to figure out the possible
shapes these particles could form and hopefully lend
some insight into why the two metals had different
structures,” Anna said. Two different methods were used to
discover these shapes. The first was a series of calculations
using a global optimisation algorithm. This allowed the
team to find which structures had the lowest energy –
representing the most stable structures of the nanoclusters
and therefore likely shapes to be observed experimentally.
“The global optimisation involved very many small
calculations. These calculations don’t use many CPU hours
and don’t have high memory requirements, but they
needed to be run in parallel. These calculations also create
a large number of files; NeSI was able to store these files
and help us navigate them.”

In computational chemistry, the physics of heavy atoms like
platinum and gold are much more difficult to model than
light atoms like hydrogen due to the very large number of
electrons. To understand the behaviour of nanoclusters
formed by these heavy atoms, Anna’s team required a
large amount of computational power. This is where NeSI’s
Mahuika supercomputer became vital to the project.

The Impact:
An accurate computational protocol
for calculating the structures of
industrially-relevant nanoclusters that
can be applied to a range of metals
and inform future research.

“These were jobs that required multiple cores and nodes
to calculate. We didn’t want to just pick a random sample
of structures to look at, because we may have picked
anomalies. Instead, we tested different brackets of
nanocluster sizes. This burned through a lot of CPU time
but added significant value to the project.”
Using these two types of calculations, Anna’s team were
able to recreate the structures created through experiment
and explain their behaviour. This also created a reference
for accurately simulating other nanoclusters in the future.
With this groundwork, the team can rely on the same
calculations to discover optimised new structures.
The graduate students who worked on this project,
Stephanie Lambie and Geoffrey Weal are now continuing
this work with NeSI, applying the calculations to other
metals, including copper clusters.
“Working with NeSI was very smooth. We were able to
do these two very different types of calculation without
significant down-time, despite having new people come
onboard halfway through. The students communicated
with NeSI staff who got them set up, deal with issues,
and inform them when we filled our quota,” Anna said.
NeSI’s support of University of Otago researchers like
Anna allows this kind of foundational work to exist
and continue, leading to international collaboration,
new chemical properties discovered for industry,
and new research opportunities.

The second part of the project was to calculate more
accurate energies for these optimised structures. For this,
Anna’s team used quantum chemical software to
accurately model the physics of these nanoclusters.

Examples of low energy decahedral &
octahedral clusters. Dashed white circles
indicate missing atoms and arrows
indicate stacking faults. (Publication
source: Contrasting motif preferences of
platinum & gold nanoclusters between 55
and 309 atoms.)
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Preparing
students for
21st Century
research

“When we talked with postgrad students, they talked a lot
about wanting to learn by doing. They saw postgrad study
as different than undergrad study.”
Dr Jo Lane, University of Waikato
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The Challenge:
Creating opportunities for New
Zealand postgraduate students to
learn and build the skills required for
computational research, no matter
what their field of science.
NeSI’s Solution:
Developing a postgraduate paper
focused on practical skills that
prepare students for the process
and practice of using national-scale
research facilities.

Following a recent review of its School of Science
offerings, the University of Waikato recently piloted
a new practical-focused paper that aims to better
prepare early career researchers for running
computational science projects on national-scale
facilities. “When we talked with postgrad students,
they talked a lot about wanting to learn by doing,” says
Jo Lane, Deputy Dean of Science and an Associate
Professor at the University of Waikato. “They saw
postgrad study as different than undergrad study.”
Taking a cue from that feedback, Jo saw an opportunity
to create a paper that was accessible to students from
all science backgrounds and explore what a research
project looks like when using a national-scale facility,
such as NeSI. That paper was piloted in the second-half
of 2019 with its first class of 15 postgraduate students.
“Effectively we were taking somebody who knows nothing
about running simulations to actually being able to run
on NeSI,” he says, but noted the practical components
in the paper apply to more than just High Performance
Computing (HPC) facilities. “Several times through the
course we talked about how this is also the same sort
of process that you would run through if you’d apply for
beamline time at a facility like the Australian synchrotron.”
Most national-scale resources are built around a similar
model: researchers apply by putting together a proposal
or some sort of request, and if approved, they need to run
their work alongside hundreds, if not thousands, of other
researchers on a portion of a shared resource.
“I reflected on myself and my own learnings,” says Jo about
how he developed the curriculum. “This process of getting
a new user on NeSI is something I’ve had to do individually,
one-on-one many times. I was thinking about the postgrad
students I’ve been supervising and what are the things they
need to know and the different pieces.”
He consulted with NeSI to develop some of the paper’s
overview materials and assessment components, and he
even brought in members of NeSI’s Support team for
hands-on help.
“Most people had very low experience levels,” he noted.
“I think there were two people who’d used Linux before.
Apart from that, everyone else were complete beginners.”
With so few students familiar with using Linux, it made
for a steep learning curve on the day they learned how
to set up their NeSI accounts. “I think about half the class
locked themselves out within about 10 minutes of starting
that workshop,” Jo recalled with a laugh. “So it was pretty
important that we had someone (from NeSI) there on the
ground, that made a massive difference.”

From start to finish, the students gained experience in how
to scope a research project and then engage with a large
national-scale facility to navigate the application process,
understand the criteria required for such a project,
discover how resource applications are evaluated,
and then successfully run their project on the system.
“Some people did exceptionally good jobs,” he says, noting
two of the final reports could have easily been submitted to
good quality journals if the science had shown what they’d
hoped it would. “Most students in the class were able to do
good, useful research as a part of what they did.”
The earlier preparatory assignments throughout this paper
ranged from learning the basics of command line, to
applying for a NeSI account, to benchmarking code.
The benchmarking tasks featured sessions on parallelisation
and introduced concepts of workflow, all aimed to get
students thinking about and experimenting with how to use
NeSI resources efficiently.
“One of the things we talked a lot around was support and
errors and how you deal with that,” Jo says. “Most of the
codes people are using are very common codes, and so
there are a lot of forums that exist that have this information.
I think that’s an honest way of how to represent how a lot of
computational research occurs at the moment. I think that
was encouraging for students to realise that their professor,
when they get a weird error message, will Google it.”
Trying things, learning from mistakes, asking questions,
and taking initiative were all part of the practical research
skills this paper aimed to introduce. Also, with national-scale
facilities being used to support research across domains,
the knowledge around processes and expectations of these
kinds of shared resources will support students with future
stages of their research careers.
“I think that was quite helpful for students in that they were
learning transferable skills that weren’t just around HPC and
the data space, but were skills they could offer a PhD group,”
he says.
Ultimately, Jo hopes other institutions will be interested in
this paper’s approach of embracing a more practical focus
on postgraduate level study.
“What you want postgrads to be is excited about the results
from their code,” he says. “They should be spending more
time on the results than the process of setting up jobs and
getting them running.”
Jo shared some lessons learned and future plans around
this paper in a presentation at eResearch NZ 2020. The next
delivery of the paper at the University of Waikato will be in
July this year.

The Impact:
Post-graduate students empowered
with practical experience and critical
thinking skills they can carry through
into the next chapter of their careers
in computational research.
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Machine
learning
for marine
mammals
“If we have to manually study one species from
acoustics recordings collected over a long period
of time, it can take an entire year...”
Dr Giacomo Giorli, NIWA
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The Challenge:
Data on New Zealand marine mammal
populations and their movements
are difficult to obtain. Protecting
these species from human activity is
difficult without understanding their
numbers and behaviour.
NeSI’s Solution:
To take underwater recordings
around New Zealand and use
machine learning to identify marine
mammals based on their calls.
The Impact:
Using machine intelligence, the
sounds from three whale species
were categorised. Information about
these species will be used to inform
regulation on marine activity, as well
as conservation efforts.

Dr Giacomo Giorli is an oceanographer at the
National Institute of Water and Atmospheric Research
(NIWA). There, his team tracks marine mammal
populations around New Zealand through underwater
acoustic monitoring.
“We’re trying to develop a way to classify underwater
sound. There are more than 50 different marine mammal
species in New Zealand, and most of the ones that
vocalize underwater make unique calls,” Giacomo said.
The team’s research focused on three signal classes and
was able to record and categorise two unidentified species
of beaked whale calls, as well as the Cuvier’s beaked whale
species. These calls were measured in three separate
locations at the mouth of the Cook Strait. By identifying
the species, Giacomo’s team will be able to map their
biology, spread and abundance around New Zealand.
“It was a short project and we had a very specific task
we wanted to accomplish. We were able to collect a lot
of data in that time. Then we used machine learning to
categorise our recordings into three classes. It was very
efficient. We had a 95-98 percent accuracy when defining
these classes.”
To create this machine learning system, Giacomo worked
with scientific programmer, Alexander Pletzer, one of NeSI’s
Computational Science Team members based at NIWA.
Giacomo created training data sets, while Alexander built
the algorithm for the machine learning program to
distinguish between the categories.
“Alexander was great. He was very knowledgeable
about these artificial intelligence systems. His skillset
complemented our team’s research. Through Alexander’s
approach, we were able to get great results out of a small
training data set.”
The algorithm filtered recordings to remove ambient
noise before separating marine mammal calls by spectral
shape. Using machine learning to categorise different
recordings is the first step to efficiently study all of New
Zealand’s marine mammal populations using underwater
acoustics. Manual processing of recordings for even
one species can take a long time, which is why machine
learning was used to sort the data.

“If we have to manually study one species from acoustics
recordings collected over a long period of time, it can
take an entire year. Repeating that study for every marine
mammal species that you might have recorded in your
data would take a lot of extra time. It takes so long to
analyse the data, so automatic tools become necessary
to speed up the data analysis and reduce the cost of the
research,” Giacomo said.
The next step for the team is to expand their research
to identify more of New Zealand’s marine mammal
population through acoustics. This will help study the
distribution and occurrence of these populations around
the country during different seasons. This will also provide
useful information to for a science-based regulation and
consent of marine construction and offshore industries
that can pose a threat to marine species. By knowing
their spatial and temporal presence, these projects can
take place at times of the year when there is no threat to
protected species.
“By understanding the abundance and distribution
of different marine mammals in New Zealand, we can
inform conservation policy, management of marine
resources, licensing for offshore activity and create better
environmental impact assessments,” said Giacomo.
NeSI will play an important part in future projects with
Giacomo and NIWA, as the machine learning algorithm
is expanded to categorise new vocal calls. With ongoing
support from NeSI team members and resources,
New Zealand’s marine mammal population will be
better protected.

NIWA Oceanographer Dr. Giacomo Giorli
(pictured above) has been working with
NeSI’s Computational Science Team to
incorporate machine learning tools into
his acoustic studies of Cook Strait whales.
(Image by: Dave Allen, NIWA)
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A partnership
approach
to building skills in
New Zealand’s
genomics
research sector
“Having participated in different kinds of workshops and
courses, the Carpentries are certainly one of the most practical
and hands-on I know. As an instructor, I also gained valuable
experience in how to organize such workshops, present course
material and explain bioinformatics to an often novice audience.”
Florian Pichlmuller, Genomics Aotearoa
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As data generation becomes easier, researchers
are under more and more pressure to clean,
process, and understand enormous amounts of
information. High-quality research outcomes,
then, are increasingly dependent on researchers
developing skills in managing and processing data.
There is an expectation, for instance, that researchers
in the genomics sector have some knowledge in
scripting and workflow management, access to high
performance computers (HPCs,) data sharing tools,
and more, even if such topics were never covered
in high school or university courses. With no clear
path for developing domain-specific capability, many
genomics researchers are eager to build their skills by
attending workshops and training events.
NeSI and Genomics Aotearoa acknowledge this
demand for genomics and bioinformatics training among
New Zealand’s researchers and, as national providers,
are well-placed to support their upskilling:
• NeSI, with its specialised infrastructure, support staff,
and computational science expertise, is ‘the power
behind researchers’. NeSI has a strategic commitment to
help drive New Zealand research forward, and building
researchers’ digital skills through training is one way of
doing so.
• Genomics Aotearoa, as a collaborative platform of nine
partnering institutions and over 30 affiliates, has deep
domain knowledge and can sense where the field of
genomics is headed. Genomics Aotearoa has brilliant
researchers and, like NeSI, a strategic commitment to
increase the capability of its researchers and genomics
researchers throughout New Zealand.
Together, NeSI and Genomics Aotearoa have the domain
knowledge, technical skills, and motivation to address
the skills gap facing New Zealand’s genomics and
bioinformatics sector, which is why the two joined forces
in 2018 to, among many things, offer genomics training
across New Zealand.
As a first step, in early 2019 NeSI and Genomics Aotearoa
hired new training leads, Megan Guidry (NeSI) and Ngoni
Faya (Genomics Aotearoa), to collaborate on
spearheading a national genomics-focused training
effort. With both Genomics Aotearoa and NeSI having a
dedicated training lead, the partnership approach to
training quickly took off. Genomics Aotearoa and affiliates
provided instruction and coordinated workshop logistics,
while NeSI supplied the HPC platform, provisioning
support, and course/workshop helpers.
These targeted efforts resulted in a successful first year
of training impact. In 2019, Genomics Aotearoa and NeSI
delivered 10 workshops over six months in places like
Dunedin, Christchurch, Wellington, Palmerston North,
and Auckland, reaching 217 participants.
Meanwhile, NeSI and Genomics Aotearoa have also been
working to optimise learning for those attending short
(typically two-day) workshops, appreciating the need for
follow up and further support for the training to be as
effective as possible. To address this, NeSI runs online
hacky hours for genomics researchers using NeSI

platforms and coordinates two Carpentries instructor
training sessions per year on behalf of the broader
research sector.
The Carpentries project comprises the Software
Carpentry, Data Carpentry, and Library Carpentry
communities who share a mission to teach foundational
computational and data management skills to
researchers. The Carpentries value sound pedagogy and
empathetic instructing methods, and have developed a
training course for Carpentries instructors to learn how to
teach effectively.
“Instructor training helped me to better understand
the mental models of teaching and look at knowledge
transfer from a different angle,” says Florian Pichlmuller,
a Genomics Aotearoa researcher and certified
Carpentries instructor.
“Having participated in different kinds of workshops
and courses, the Carpentries are certainly one of the
most practical and hands-on I know. As an instructor,
I also gained valuable experience in how to organize
such workshops, present course material and explain
bioinformatics to an often novice audience.”
By offering New Zealand researchers the chance to
attend Carpentries instructor training sessions, NeSI and
Genomics Aotearoa strive to encourage a grassroots
effort towards improving knowledge transfer within local
research communities. By using their training resources
wisely, NeSI and Genomics Aotearoa are empowering
and incentivising local researchers to pass on their
knowledge; this is a big part of their broader mission to
upskill the New Zealand research sector.
It simply would not be possible for NeSI and Genomics
Aotearoa to run as many workshops as they have without
the dedicated efforts of volunteers like Florian who
understand how valuable training opportunities are to
researchers. Other people invaluable to the delivery of
these workshops include:
• NeSI’s Applications Support Team — with a special
mention of Dinindu Senanayake, who also helped teach
at many of the workshops, ensuring all 217 attendees
had proper access to NeSI’s HPC platforms.
• The numerous volunteers from the research
community who were spent hours prepping,
teaching and debriefing.
• The workshop organizers who scheduled, planned,
and advertised each event, often remotely.
• The broader Genomics Aotearoa and NeSI teams for
creating an environment where NeSI and Genomics
Aotearoa’s shared training vision could come
to fruition.
NeSI and Genomics Aotearoa would not be celebrating
a successful year of genomics training without the many
dedicated people mentioned above (and surely more!).
Delivering genomics training has been, and will continue
to be a collaborative effort, and NeSI and Genomics
Aotearoa look forward to generating more learning and
capability-building opportunities for genomic researchers
in NZ in 2020 and beyond.

The Challenge:
Addressing New Zealand researchers’
skills gaps in scripting and workflow
management, as well as access gaps
to high performance computers
(HPCs) and data sharing tools.
NeSI’s Solution:
NeSI and Genomics Aotearoa
adopting a national partnership
approach to spearhead and support a
national, a national genomics-focused
training effort.
The Impact:
Highly-relevant genomics skills training
that facilitates capability growth
among New Zealand researchers.
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Objective 4

Make fit-for-purpose investments
aligned with sector needs
By working closely with research communities to understand their
aspirations and goals, NeSI is able to be more flexible and responsive
to addressing needs and capitalising on opportunities to better support
New Zealand’s research sector.
Over the course of 2019, NeSI supported new capabilities
in genomics research, machine learning applications,
and high performance end-to-end data transfers
between institutions and NeSI. Additional new services,
such as advanced data analytics tools, virtual laboratory
capabilities, and remote visualisation features, are being
rolled out to lift researchers’ capabilities to tackle large,
complex, and unique research challenges. (see Figure 12).

memory, and processors based on a newer generation of
Intel technology, users of this new infrastructure could run
more complex simulations with increased performance.
The new nodes complemented NeSI’s original set of large
memory nodes (16 nodes with 512 gigabytes) and the
original huge memory node (with 4,096 gigabytes), which
remain active and accessible.

Responding to specialised needs

Staying connected with researcher
feedback

In late 2019, NeSI enhanced its HPC platform to better
support users running simulations with high memory
demands. Two “large memory” nodes with 1,536 gigabytes
of memory, along with one “huge memory” node with 6,144
gigabytes were added to the platform. With larger and faster

In 2019, of the 249 unique responses to a question in our
end-of-project allocation survey, 231 researchers (93%)
Agree or Strongly Agree that NeSI services are meeting
their needs. Of the other responses 14 were neutral,
2 disagreed and 1 strongly agreed.

New Zealand’s eResearch ecosystem
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Figure 12: NeSI is a vital component, connector, and driver of New Zealand’s national eResearch ecosystem.
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Objective 5

Enhance national service delivery
consistency and performance to
position NeSI for growth
As an enabler of research across a wide range of
communities and disciplines, NeSI is well-connected
and well-positioned to support, collaborate with,
and grow alongside New Zealand’s research sector.
Improved reporting and monitoring have been key
focuses in 2019, to position NeSI for growth as well as
ensure national service delivery was reliable, consistent,
and high performing.

Monitoring and collecting metrics
As part of efforts to improve NeSI’s ability to track and
collect platform performance metrics, a Platform
Monitoring workshop was conducted with a focus on
basic machine and service availability monitoring, as well
as centralised log collection and processing. Since then,
a regular Cray Monthly Systems Performance Report is
now being used to better monitor and act upon capacity
opportunities and to ensure the systems continue to
run at their most efficient way. Further investigation is
required to determine appropriate solutions for metrics
collection (both real-time trends and longitudinal) across
platforms and services variables. Other reports are also
being prototyped on a range of resources (CPU, Memory,
GPU queue partitions) including utilisation and efficiency,

in order to better represent the value NeSI provides to the
broader research sector.

Consistent and reliable availability
During 2019, platform uptime remained very high with
a few small outages related to individual compute node
failures. This consistent uptime was able to support a
rapid growth in usage during August 2019, when the NeSI
platform experienced almost 100% capacity used across
both Mahuika and Māui. High ongoing usage is expected
to continue, particularly as the number of users continues
to grow.

99.9%
HPC platform
availability in
2019

Objective 6

Realise financial contributions
and revenue targets to enhance
NeSI’s sustainability
Our Collaborators’ financial requirement to invest at an agreed ratio to
Crown contributions, helps track rate of spend against the budget and
helps ensure the sector stays engaged with NeSI funding.
The ratio includes all costs across sites, at the directorate for both Opex
and Capex spent as well as the accrued Obligation for future spending.

56

Case Studies

Parallel
processing
for ocean
life
“You don’t know if that DNA comes from something currently living,
has recently died or has been there for tens of thousands of years.
DNA gives you a potential of what that community looks like.
RNA degrades very rapidly in the environment, so when you’re
looking at RNA it’s a snapshot of what’s just recently happened.”
Dr Alexis Marshall, University of Waikato
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The Challenge:
Analyse and reconstruct 1.4 billion
nucleotide fragments obtained
from ocean sediment, to identify
their species and gain a better
understanding of how microbial life
cycles nutrients in the ocean.
NeSI’s Solution:
Using the expertise of NeSI’s
Computational Science Team and
the parallel processing capabilities of
NeSI’s Mahuika supercomputer to cut
down on data processing times.
The Impact:
Weeks of sample data processing
reduced to 48 hours. A better
understanding of our oceans and
an effective way to target singlespecies RNA.

Sediment that settles on the ocean floor teems with
microbial life which plays a vital role in cycling nutrients
in the water. At the University of Waikato, Dr Alexis
Marshall is researching the microbial ecology of marine
sediment, analysing its genetic makeup to identify the
unique species that make the sediment their home.
Her work is part of the Acidification Response of Marine
Sediments project, which is funded by the Ministry of
Business, Innovation and Employment.

“When we first started doing this work, we were focused
on capturing the most abundant species in sediment.
Now, because we can get so much more data back,
we study nutrient cycling species that aren’t as
abundant,” she said. “We contacted NeSI because we
were going from trying to assemble 100,000 individual
150 nucleotide base sequences, to trying to assemble
1.4 billion. We were having computational issues with
memory, but also time.”

To do this, Alexis used the RNA transcriptome
reconstructor, Trinity. Each sample of sediment had its
nucleic acids extracted, leaving a pool of RNA from all the
species present. Trinity then reconstructed this massive
RNA jigsaw puzzle, to allow Alexis to identify the species
and their roles in the environment.

Mahuika’s ability to run parallel processing on several
hundred CPU cores was key cutting down this runtime.

“We looked at how microbial communities function in
coastal systems. We took a sample and sequenced it,
which resulted in a large number of nucleic acid
fragments. We used Trinity to take those base pair
fragments and rebuild them to make each original piece
of RNA in the sample,” she said. “When you do this type
of sequencing, you’re not selecting for a species. In one
sample you get all the bacteria, all the archaeans, all of
the eukaryotes, all the diatoms, all of the jellyfish and
muscles pieces breaking down in the sediment and all
the viruses associated with all those domains.”
Her research focused on the single-helix RNA, rather than
DNA, because of its comparatively short half-life. While
DNA can survive for thousands of years, RNA can
significantly degrade within minutes or hours. This makes
it much better at giving researchers an understanding of
marine sediment’s living ecology.
“You don’t know if that DNA comes from something
currently living, has recently died or has been there for
tens of thousands of years. DNA gives you a potential of
what that community looks like. RNA degrades very
rapidly in the environment, so when you’re looking at RNA
it’s a snapshot of what’s just recently happened.”
Marine sediment is among the most biodiverse
environments on Earth, so being able to separate and
reconstruct a full picture of all the living microbes from
this collective pool of RNA was a massive data challenge.
To solve this problem, Alexis required NeSI’s high
throughput supercomputer, Mahuika.

“When I contacted NeSI, my question was ‘Trinity has
this ability to be broken up into smaller parts. Can we
run it as lots of small jobs instead of one really big job?’”
said Alexis. “They were able to work with us to make that
happen. Now I can get an assembled data set to ask
questions in 48 hours instead of three weeks.”
Alexis also called upon Computational Science Team
members Chris Scott and Dinindu Senanayake to help
get the job done. Chris and Dinidu were able to configure
Trinity to split the work into batches of smaller jobs
that could be run in parallel across Mahuika, improving
performance and efficiency with jobs finishing quicker
and using fewer core hours.
Their method is documented on NeSI’s Support site so
that it is accessible to other NeSI Trinity users as well.
Alexis’ research is due to publish findings early next year.
While the data gathered will primarily be used to inform
marine ecology – for conservation, marine management
and climate change impact predictions – the RNA
sequencing techniques run on Trinity may have a range
of carry-on applications for medicine and agriculture as
well. This includes potential for identifying single-species
responses to medical treatments, to building maps of
complex plant genomes.
Nucleotide reconstruction in all these industries
requires huge data processing capabilities and NeSI’s
HPC platform and computational expertise is helping
researchers meet this challenge. For Alexis, that means
discovering the bustling microbial world of marine
sediment and how ocean systems cycle their nutrients.
This kind of research not only helps to keep oceans
healthy, it also enables us to better understand how
oceans will cope with the changing climate.
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New
insights
into
endemic
species
“Honestly, I have worked on a lot of clusters and I have
never had the type of user support that NeSI supply.”
Dr Ann McCartney, Genomics Aotearoa
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A major goal for Genomics Aotearoa is to establish
genomics analysis tools and pipelines that can be
used by other research. Taking a “building by doing”
approach, this means the tools, procedures and
pipelines that are optimised and used for Genomics
Aotearoa research projects are documented and
made available for use in future projects.
NeSI’s collaboration with Genomics Aotearoa aims to
support this strategy, so when Genomics Aotearoa
Postdoctoral Researcher Ann McCartney approached
NeSI with a request to use its computing platform to run
a new de novo sequencing application (Chromium10X
linked-read technology), the NeSI team saw an
opportunity to deliver a solution with wide-reaching
benefits. At Manaaki Whenua - Landcare Research in
Auckland, Ann is working alongside team leader Thomas
Buckley to assemble a gold standard reference for the
stick insect genome, as part of Genomics Aotearoa’s
High Quality Genomes project. This work is important for
conservation and selective breeding within our primary
industries because the higher quality the genomes, the
greater the potential impact for research in conservation.
The challenge, however, is that many of these genomes
are large, very complex, repetitive, or highly variable
which make them ‘difficult’ to sequence and assemble.

A supernova problem
Stick insects are biologically interesting. In times of
stress, they have the ability to become parthenogenic,
meaning the females lay eggs without needing to mate
with males to produce offspring. They are also dynamic
in a range of temperatures and altitudes in New Zealand.
Better understanding of stick insect genomics will
contribute much to global knowledge on the Phasmatodea
species, including biogeographic origin, reproduction
and temperature tolerance and its role in climate change.
Ann was planning assemblies using Chromium10X
linked-read technology Supernova on four endemic New
Zealand species (the hihi bird and three types of stick
insects — Niveaphasma, Clitarchus, and Acanthoxyla).
To do this, she needed additional long-read sequencing
technology to ensure high quality genomes.
NeSI currently provides Genomics Aotearoa researchers
with access to dedicated high-memory compute
resources. However, the huge size of Ann’s stick insect
genomes meant long-read would have been too
‘expensive’, or computationally demanding, whereas
short read was not sufficient to provide the accuracy
required. Linked-reads were chosen as a compromise
between short-read and long-read sequencing technologies
as they provide pseudo-long reads for a fraction of the
price. This still posed a challenge, however, as de novo
assemblies that provide this option can be very demanding
from an input/output (I/O) and memory perspective.
They also often don’t fit well into traditional high performance
computing modes of delivery, with characteristics such
as very long run-times and difficult to predict resource
requirements. Not only did Ann’s planned assemblies lack
a reference genome, they were also some of most complex
genomes to date, at a scale beyond even what the
software vendor had supported so far.

Tackling the challenge
To start, NeSI threw a 4TB, 64-core node at the
problem — NeSI calls these hugemem compute nodes.
These nodes are a particularly important platform
capability, enabling scientists to tackle big problems by
scaling up rather than out. There were several issues to
sort after figuring out some of the nuances of how best
to craft the parameters for each de novo assembly,
taking memory and CPU requirements into account.
One problem was that the application would stall part
way through the pipeline, causing a whole node failure
that forced a system reboot. After several unsuccessful
attempts tuning various aspects of the system,
NeSI platform engineers identified they were hitting a
system level deadlock likely due to a bug somewhere in
the IBM Spectrum Scale filesystem (nee GPFS) client
drivers. Addressing this required an upgrade of Spectrum
Scale, something that could only be done during a
complete outage of the platforms.

The Challenge:
Assemble the first stick insect
genome using linked-read
technology in a way that is
accurate, efficient, and reusable
for other genomes.
NeSI’s Solution:
Access to dedicated high-memory
compute resources and
bioinformatics expertise.
The Impact:
Genomics Aotearoa can now
identify other genomes that could
be sequenced and assembled
using these genomic technologies,
to contribute to conservation and
selective breeding activities in
primary industries.

Fortunately, NeSI had already scheduled maintenance
work and so this upgrade was added to the list. On Ann’s
side, it took her nearly three months to adapt her
techniques to get the first test of the genome assembly
running. “The computational environment required
for these analyses is very complex, so we have had to
research what is available, create environments and test
under different parameters – there has been a lot of trial
and error for this genome,” she said.
As a result of her collaboration with the NeSI team,
Ann’s stick insect genome assembly was successfully
completed after 22 days running — the longest job to be
run on the NeSI platform to date and the first stick insect
genome assembly created using linked-read technology.
Despite having no prior experience with Supernova,
the NeSI team’s combination of bioinformatics
and platform resource expertise meant they could
successfully address the barriers facing Ann’s project
and provide a solution that will benefit other genomics
researchers in New Zealand.
“Honestly, I have worked on a lot of clusters and I have
never had the type of user support that NeSI supply,”
she said. “This pipeline would not have been possible
without the collaboration between myself and the NeSI
support team and now it is possible to do anything
Chromium10X assembly using the NeSI platform.
Using NeSI has also significantly decreased the amount
of computational power (RAM, storage, and CPU) that
I need to have personally, as facilities such as NeSI can
now carry out these types of computation.”
How is having this stick insect genome better than any
other? The large and highly repetitive stick insect genome
was the perfect test as to whether psuedo-long or linkedread technology were a more appropriate sequencing
platform for genomes of this nature. Due to its success,
other endemic New Zealand species are now being
sequenced using this technology, including the blueberry,
the hihi, the myna, and the rewarewa.

A male and female of the Clitarchus
hookeri species of stick insect. Photo
credit: Birgit Rhode, Manaaki Whenua
- Landcare Research.
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How NeSI and NIWA help the UK
Met Office develop next generation
weather analysis tools
Weather forecast permeates many aspects of daily life, whether it is for
planning a weekend with the family, determining whether or not to irrigate
crops, identifying the most optimal flight path of an aircraft or evaluating
the risk of flash floods.
Behind every numerical weather prediction (NWP) lies a sophisticated
computer model, which simulates temperature, pressure, wind, cloud
formation and precipitation. Combined with satellite observations, the
prediction capability of weather forecast models has improved significantly
over the past decades. The National Institute for Water and Atmospheric
research (NIWA), runs the Unified Model developed at the UK Met Office daily
to predict the weather up to 10 days ahead for New Zealanders.
To improve forecasting capability of high impact weather, resolution must
be increased from ~16 km worldwide today to about one kilometre. This is
the resolution required to start representing deep air convection, which is
responsible for the formation of storm clouds. Unfortunately, an increase of
16x in horizontal resolution translates into a 300+ times higher demand for
computational resources [2], making km-scale models computationally very
expensive to run.
To address this challenge, the UK Met Office and partners (NIWA, Bureau of
Meteorology Australia, Korea Met Admin, NCMRWF India) are developing
a high fidelity weather and climate code named LFRic, after Lewis Fry
Richardson, a meteorologist who dreamt about applying parallel computing
for weather prediction in the 1920s.
LFRic will rely on a cubed-sphere to alleviate the problems of numerical
instabilities affecting longitude-latitude grids at the poles, apply a “separation
of concerns” approach where the mathematical models are decoupled from
their implementation to achieve high, exascale parallel performance on a
variety of hardware, and leverage a new discretisation scheme based on
mixed finite elements where fields are attached to grid nodes, edges, faces
and cells. This new discretisation scheme offers the promises of achieving
higher numerical fidelity with fewer degrees of freedom.

Few tools, however, are currently designed to handle vector fields attached
to edge and face cells. Simple and widely used post-processing operations,
for instance visualisation and interpolation, require fields to be either defined
on nodes or cells. NeSI high performance computing research software
engineers Alexander Pletzer and Wolfgang Hayek have developed a new
interpolation method that is suited for vector fields on grid cell edges and
faces. Unlike other methods, the new interpolation method conserves line
and flux integrals, a property that makes the method “mimetic”. This work was
recently published in the American Meteorological Society’s Monthly Weather
Review Journal, in a paper titled Mimetic Interpolation of Vector Fields on
Arakawa C/D Grids.
The picture below shows the improvement in accuracy from the dashed,
cyan line obtained by applying the most common interpolation method
(bilinear), compared to the solid, magenta line obtained using the new,
mimetic interpolation method. The error for the mimetic method is more than
five orders of magnitude lower.
The mimetic interpolation method has been implemented in a library (MINT),
which is openly accessible (https://github.com/pletzer/mint). The library
supports arbitrary 2D meshes made of quadrilateral cells and allows users
to compute flux integrals. An example is the flux across the red area in the
picture below.
Many earth science phenomena rely on conservation of water, energy,
vorticity and other quantities so it is important to ensure that both dynamic
models and post-processing tools honour conservation regardless of the
grid resolution.
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Exploring the remarkable properties
of graphene
What is three hundred times stronger than steel, has very high electrical
conductivity, and thermal conductivity among the highest of any known
material? Meet graphene, a single atomic layer of carbon atoms whose
remarkable properties have made it an active area of research due to
potential applications in composite materials for building and aerospace
industries, heat-spreading solutions in LED lighting, energy storage in
batteries and supercapacitors, and a number of other areas.
Wellington-based researcher Vladimir Bubanja is among those studying
graphene, using NeSI computing resources to uncover new insights into
graphene’s fundamental properties. Vladimir is a Principal Research Scientist
with the Measurement Standards Laboratory of New Zealand, a national
metrology institute. One of the lab’s roles is to ensure that units of
measurement used in New Zealand are consistent with the International
System of Units. Graphene is of interest in metrology for several reasons.
Although being strong, the flexibility of graphene’s interatomic bonds enables
its structure to accommodate a great deal of deformation before its
constituent atoms are rearranged.

Graphene’s charge carriers, behaving as massless relativistic particles and
moving with little scattering, have enabled the observation of the quantum
Hall effect at room temperature. The quantum Hall effect is a universal
property of two-dimensional electron systems in a strong magnetic field.
This has valuable applications in the development of a new generation of
more user-friendly metrology standards. On NeSI, Vladimir and his team use
SIESTA (Spanish Initiative for Electronic Simulations with Thousands of Atoms)
software to run their experiments’ calculations and simulations. In addition
to supporting their current work, Vladimir says NeSI will be an important
resource for future projects as well.
“Recently, we have conducted calculations of the properties and performed
the fabrication of hexagonal boron-nitride monolayers (also called white
graphene),” he says. “To guide our future activities, we need the access to
NeSI’s high performance computing facilities. Our plan is to continue using
NeSI HPC to consider other properties of graphene and other recently
discovered two-dimensional materials.”

“We consider problems where one is interested in the properties of a “large
molecule”, that is a system consisting of many atoms,” he says. “To solve such
a problem, one needs high performance computing resources.”
Vladimir’s most recent work, a paper titled Graphene nanoribbons under
axial compressive and point tensile stresses, used NeSI resources to run
simulations of the geometric, electronic, and magnetic properties of graphene
nanoribbons under stress.
“Graphene has a remarkable stress-strain behaviour, including the highest
stiffness and strength ever measured,” they note in their paper. “It can be
easily bent to get complex folded structures and can withstand elastic
deformations of up to 25%, that are much larger than in any other known
material. Owing to these outstanding mechanical properties, graphene is an
ideal candidate for nanomechanical systems and flexible electronic devices.”
In other projects, graphene’s properties are also revealing insights into
quantum effects. “The relativistic physics of graphene’s condensed matter
excitations, analogous to neutrinos, can be studied in a table-top experiment,
enabling the discovery of some phenomena unobservable in high-energy
physics,” says Vladimir.

”We consider problems where one is interested in the properties of a “large
molecule”, that is a system consisting of many atoms,” he says. “To solve such
a problem, one needs high performance computing resources.”
Vladimir Bubanja, Measurement Standards Laboratory of New Zealand
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Getting closer to more accurate
climate predictions for New Zealand
Dr. Erik Behrens is an Ocean Modeller at the National Institute of Water &
Atmospheric Research (NIWA) in Wellington. There, he works with climate
scientist, Dr. Jonny Williams on the New Zealand Earth System Model
(NZESM), improving climate change projections for New Zealand.
The NZESM models the oceans, atmosphere, and land to better understand
how climate change is affecting these systems, as well as how they affect
each other. It is a central part of the Deep South Challenge to understand
how the Earth System changes, around New Zealand and in Antarctica.
The Deep South, with NZESM as its main tool, is one of a handful of similar
projects around the world – including the United Kingdom and Norway
– aimed at giving government and industry the information needed to
prepare for the planet’s changing climate.
The OASIS customisation for the NZESM was a vital part of continuing this work.
Through NeSI’s Consultancy Service, Chris Scott and Wolfgang Hayek carried out
these modifications to OASIS, in collaboration with Dr. Behrens, and enhanced
the functionality of the NZESM. This was a critical step in the development of the
NZESM and makes it better tailored to New Zealand’s needs.
“It’s an advancement. There’s an additional switch that enables an essential
feature of the NZESM, which makes it unique. Without it, the NZESM wouldn’t
have run and could not provide accurate climate predictions for New
Zealand,” says Dr. Behrens.
The OASIS coupler is a central part of the NZESM. It acts as a communicator
for the different modelling programs to speak with each other. With these
different modelling programs simulating oceans, atmosphere, ice sheet
models and vegetation, researchers can build a large-scale view of how the
world is changing and how it will look in the future.

The NZESM runs on the supercomputer, Māui, hosted at NIWA in Wellington.
To get an idea of the massive amount of computation required by the model,
often 1,500 computer processors are needed for one simulation.
To modify OASIS, Dr. Behrens took advantage of NeSI’s Consultancy Service,
which provides scientific programming expertise and support to NeSI users.
“I was positively surprised how quickly the work was performed,”
said Dr. Behrens. “Everything went really smoothly and NeSI did a great job
providing good service on time. NeSI provided the solution and ran test cases
to prove the upgrade was working successfully.”
Now that the modifications are complete, the improved functionality will
support a wide variety of climate research projects. The ability to mesh data
from different ecosystems and weather systems will show researchers how
these seemingly separate systems work together, and how they will change
with the climate in the future.
“The NZESM is a community project. With this upgrade we have an exciting
tool with which to study the climate. It will have a huge impact and is tailored to
New Zealand’s needs. Researchers will be using this model for ground-breaking
research – research that couldn’t be done without the OASIS upgrade.”
With this holistic view, researchers will be able to help determine where the
best policy intervention spots might be for climate change and how decisions
in one ecological system affect others. It’s a project NeSI is proud to partner
in, providing the computational science expertise and resources needed to
make interdisciplinary projects like the NZESM possible.

“The coupler is a critical part for making all the different aspects of the NZESM
communicate. It lets us have a fully covered geophysical model of the entire
Earth, but it needed to be upgraded to allow the model to run.”

“I was positively surprised how quickly the work was performed.
Everything went really smoothly and NeSI did a great job providing
good service on time. NeSI provided the solution and ran test cases
to prove the upgrade was working successfully.”
Erik Behrens, NIWA
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Understanding the behaviours
of light
Humans encounter light during almost every moment of their waking
day. More than any other sense, sight determines how we navigate the
world. For this reason, light can seem almost mundane, but the truth is the
opposite. The behaviour of photons – the fundamental unit of light – sits on
the border between our classical understanding of reality and the counterintuitive world of quantum physics.
Dr. Victor Canela and postgraduate student Jacob Ngaha are researching
this phenomenon at the Department of Physics at the University of Auckland,
alongside Prof Howard Carmichael. There, they are discovering more about
the quantum nature of light by building an open system model of photon
scattering with the help of NeSI supercomputing.
Photon scattering is the absorption and emission of photons by an atom,
resulting in a change of energy levels. Victor and Jacob’s research involves
building a model of how photon scattering might look in a real-world setting.
“Atoms emit photons when their energy drops to a lower level, and we can
measure the fluorescence spectrum of these photons,” Victor explains.
“We’re studying physical systems so we need to allow for environmental
interaction. These systems are not perfect, so we need to account for flaws.”
While Victor and Jacob’s work is primarily focused on creating a better
understanding of the quantum mechanics of light, with real-world
applications in quantum information theory. Particular atomic structures
are able to produce anti-bunched light, or beams of single photons of
certain wavelengths or colours. This could be applied to quantum computer
construction or communications projects, for instance China’s Quantum
Science Satellite.
“It’s a way to produce fields which exhibit quantum characteristics. By studying
them, physicists are able to learn more about the fundamental nature of light.
Our end-goal is trying to understand these fluorescence spectra, though people
are interested in these quantum fields for the purpose of encoding information.”

“We are running close to a hundred jobs at the same time and each job has
separate parameters. It is difficult for us to run these jobs and keep track
based on their parameters. NeSI was able to supply a script that keeps track of
this automatically. They were also able to supply a speed increase by different
methods,” says Victor.
Victor and Jacob were able to run these quantum trajectories on NeSI’s
Mahuika supercomputer. The NeSI computational science team also played a
vital role in optimising the model’s calculations and the overall workflow.
“We worked with Chris [Scott] and Alex [Pletzer]. They were able to help
greatly with how we work in the cluster and compile software. Alex is a veteran
with Fortran. He points out lots of little things that we would never have
figured out, to speed everything up.”
Chris and Alex worked closely with Victor and Jacob to profile their code
and understand where most of the computational time was being spent.
They were able to optimise the code as well as implement a more automated
workflow on Mahuika. CMake — a suite of tools designed to build, test and
package software — was introduced to make it easier to compile the code,
experiment with different compilers, and run benchmark tests.
With the model created, Victor and Jacob are planning to publish their findings
of how photon fluorescence reacts in laboratory systems. Victor says this field
is open to a wide range of research possibilities, which he will be pursuing in
the future.
“Not many people have looked at the way we’re looking at the light
– including filtering and correlating output photons based on their different
frequencies, or colours,” he says. “It’s a new landscape we can explore with
these techniques – particularly using quantum trajectories. Computationally,
you can do things with quantum trajectories that you wouldn’t be able to do
any other way.”

In order to understand how this fluorescence operates in a real experiment,
Victor and Jacob need to run the model as a series of quantum trajectories.
This involves breaking down the master equation for the model – which
accounts for the complex time evolution of the atom-photon model
– into a large number of smaller trajectories, which evolve randomly with time.
These quantum trajectories can be solved with parallel processing, making NeSI
participation vital in building the model.

“Atoms emit photons when their energy drops to a lower level, and we can
measure the fluorescence spectrum of these photons. We’re studying physical
systems so we need to allow for environmental interaction. These systems are
not perfect, so we need to account for flaws.”
Victor Canela, University of Auckland
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Development of next generation
weather and climate models is
heating up
When it comes to modelling the weather and climate, the pressure is
on. The effects of global warming are having direct impacts on our daily
lives. Extreme weather events, in particular, are expected to occur more
frequently, earlier in the season, and last longer.

Another challenge addressed by LFRic is the need to support increasingly
complex parallel computer architectures, which may comprise co-processors
and/or graphical processing units (GPUs) in addition to computer processing
units (CPUs).

In near perfect timing with a punishing heat wave in Western and Central
Europe, scientists from around the world met on 17-21 June 2019 in Exeter
UK, to discuss the challenges of developing LFRic, a next generation weather
and climate simulation code whose development is led by the UK Met Office.
Among those in attendance were NIWA scientists as well as NeSI team
members, Wolfgang Hayek and Alex Pletzer, who are contributing to the
LFRic project.

In order to be able to scale to current and future hardware, LFRic applies a
“separation of concerns” approach, where scientists implement algorithms
in high level Fortran, letting a tool, PSyclone, generate the low level parallel
instructions (OpenMP, MPI, OpenACC, OpenCL, etc.). The result is a single
code base that runs efficiently on multiple platforms. As part of New
Zealand’s contributions to the project, Wolfgang has written code to read
cubed-sphere data into Paraview and provided an in-situ visualisation solution
that allows researchers to plot their data as the simulation proceeds. In-situ
visualisation is expected to become critical as the amount of data generated
by simulation can no longer easily be moved from
a supercomputer to a desktop computer.

The LFRic development effort involves international partners from New
Zealand, Australia, the US, Australia, Korea, and India. LFRic is expected to
replace the current code, the Unified Model (UM), in 2025. The UM code is run
on a daily basis at NIWA and many other sites to provide weather forecast and
long term climate prediction.
Although highly successful, the UM struggles to scale to the resolution
required to model convective processes at the heart of cloud formation.
The culprit here is the latitude-longitude grid, with its convergence of
meridians at the poles.
A new grid, with no singularity at the poles has become a necessity.
The cubed-sphere grid is an example of such a grid. Unfortunately,
the cubed-sphere grid has cells with non-orthogonal edges and it has
become difficult to adapt UM for such a grid, hence the need to develop
LFRic from the ground up.

At the conference, Alex presented a new interpolation library (MINT) which
he and Wolfgang developed, that preserves the mathematical properties
of vector fields in LFRic (work supported by NeSI and NIWA). Interpolation
permeates many aspects of climate simulation post-processing, including
regridding and visualisation. As LFRic’s development continues to evolve,
interpolation may also eventually help diagnose how accurate temperature,
velocity, vorticity and density are transported by wind.
That kind of information and understanding is critical as communities,
governments, and industry strive to respond to and prepare for future
changes in climate.
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Modelling the careers of
cricket players
Thanks to New Zealand’s recent run to the finals in the World Cup,
cricket statistics have occupied the minds of many kiwis these last few
weeks. Welcome to the world of University of Auckland researchers
Oliver Stevenson and Brendon James Brewer.
Oliver’s statistical work mostly focuses on measuring player batting ability.
Batting average is often used to measure this, where a higher average generally
indicates better ability. What a batting average doesn’t account for, however,
is variation in ability, which can happen over the duration of a player’s career.
“Short-term changes in ability are observed during or within a single innings, due to
factors such as adapting to the local pitch and weather conditions,” explains Oliver.
“Long-term changes are observed between innings, over entire playing careers,
due to the likes of age, experience and general changes in a player’s technique.”
To measure the long-term variations, the Auckland researchers have developed
a model that uses a Gaussian process to measure and predict how the batting
abilities of international cricketers fluctuate between innings. A paper on this
work, titled “Modelling Career Trajectories of Cricket Players Using Gaussian
Processes”, was published as part of the conference proceedings from the 2018
Bayesian Young Statisticians Meeting (BAYSM 2018) at the University of Warwick
in the UK, which Oliver attended last year. The model requires a reasonable
amount of computing power to fit, especially for players who have enjoyed long
international careers. For players with long careers, it can take a long time (up to
four days) to fit the model to their career data.
“NeSI allows us to run the model on hundreds of players simultaneously,
rather than on one player at a time,” says Oliver. “Using NeSI allows us to
analyse a larger number of players, in a shorter space of time.” To build the
model, they used Test career scores obtained from Statsguru, a cricket
statistics database. “As the model assumes that a player’s underlying ability
is not influenced by the specific match scenario, it is best suited to longer
form cricket, such as Test matches, where there is generally minimal external
pressure on batsmen to score runs at a prescribed rate,” says Oliver.
When estimating player ability, the model takes into account a player’s
recent form, as well as a number of match-specific factors, such as whether
the match was played at a home or away venue. For example, Figure 1 from
their paper shows how the estimated batting ability of New Zealand’s current
captain, Kane Williamson, has evolved over the course of his Test career.
Early in his career, Williamson’s underlying ability is estimated to have been
less than that implied by his career average of 53.38. However, an estimate of
his current and future abilities suggest he is now a better batsman than his
career average indicates.

“This is not surprising, as it is a commonly held belief that many players need
to play in a number of matches to ‘find their feet’ at the international level,
before reaching their peak ability,” says Oliver. “Young players tend to begin
their careers with some raw ability, which improves over time as a result of
coaching, experience and other external circumstances. Eventually,
players reach the peak of their career, after which ability tends to decline.”
Their model aims to provide more accurate quantifications of current and
future player batting abilities than traditional cricketing statistics, such as the
batting average.
“A major advantage of the model is that we are able to maintain an intuitive
cricketing interpretation, allowing for the results and implications to be easily
digested by coaches and selectors, who may have minimal statistical training,”
says Oliver. “Additionally, we are able to make probabilistic statements and
comparisons between players, allowing us to easily quantify differences in
abilities and predict the real life impacts of selecting one player over another.”
Looking ahead, their next project will aim to fit a similar model to analyse
the career trajectories of bowlers. NeSI will again be used to perform a large
component of the computational work. High performance computing (HPC)
resources, like those provided by NeSI, have become an important tool for
these researchers’ work, allowing them to tackle more complex challenges
and collect more accurate results in a shorter period of time.
“While we could have “technically” fitted these models 10 years ago, it would
have taken weeks or possibly even months to analyse the same set of players
we have analysed in this paper,” says Oliver. “As HPC grows, so can the
complexity of our models, which hopefully can translate to us being able to
analyse and explain deeper aspects of the game.”
As for the World Cup game that held the focus of the cricket world earlier
this month, Oliver was among the millions of fans who stayed up to watch
the historic final. While the result wasn’t the outcome he’d been hoping for,
he says the match was a “roller coaster of emotions” and one of the greatest
he’s witnessed. By the time the next World Cup rolls around, Oliver and his
colleagues, powered by NeSI HPC resources, will have even more tools for
analysing cricket and its athletes.

“NeSI allows us to run the model on hundreds of players simultaneously,
rather than on one player at a time. Using NeSI allows us to analyse a larger
number of players, in a shorter space of time.”
Oliver Stevenson, University of Auckland
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Heating up nanowires with HPC
Nanotechnology is an exciting new field of science, at the heart of many
disciplines, including chemistry, physics, engineering and medicine.
From disease detection, to circuit design and precision medical
treatments; nanowires, nanoclusters and other nanomaterials are
delicate, highly advanced tools for solving a wide variety of problems.
Kannan Ridings is a doctoral candidate at The University of Auckland,
where he studies condensed matter physics and computational (or
theoretical) nanotechnology. With the aid of NeSI supercomputing
resources, Kannan has simulated how nanowires behave under
thermal excitation.
Nanowires are small structures, up to one millionth of a centimetre in
diameter, with a wide range of uses: including as conductors and semiconductors in microprocessors. When current is passed through nanowires,
they heat up and are vulnerable to warping or even being destroyed.
“When you heat nanowires a thin layer of liquid forms on their surface.
That liquid will grow as it gets hotter. We have found the liquid will not only
grow, but also drive the solid part of the nanowire to become unstable,
leading to the nanowire to break up and fall apart,” Kannan said.

However, simulating the hundreds of thousands of atomic collisions that occur
as a nanowire heats up required processing power well beyond standard
computers. NeSI provided a vital role in the research, through access to its past
Pan cluster (now decommissioned) and the new Māui supercomputer.
“Without the NeSI Pan cluster, this research would basically be impossible.
You’d be running these simulations for months or years. Now, when I’m
running new simulations, I just type something into the terminal, and it starts
running. I go away and a day or so later and all of the simulation and postprocessing is essentially done. It has boosted my productivity significantly.
NeSI helped to streamline that research.”
Kannan’s statistical model required the use of Māui’s parallel processing.
Through Māui, he was able to run dozens of simulations at once; each set of
results became a data point in a statistical model, showing how the nanowires
behaved under a variety of conditions. With the help of NeSI staff, Kannan was
able to write scripts that developed an automated post-processing stage,
saving dozens of hours of work.

However, the applications of Kannan’s research goes beyond stress testing
nanowires; it can also be used to produce nanoclusters. Like nanowires,
nanoclusters are used as semi-conductors in circuitry, but have further use
as chemical and biological sensors.

“When you start to get a lot of data, the post-processing stage can take
quite some time. I devised a scheme to automate that entire process. I started
to get there but got stuck on how to implement it on NeSI itself. I contacted
Chris Scott; we met a couple of times and went through the scripts.
Chris knew what I was talking about and what I wanted to achieve and helped
setting up the whole system I now have,” Kannan said.

“In extreme cases of thermal excitation, when nanowires become unstable,
they can break apart and form into a chain of spheres,” said Kannan. “We try
to exploit this behaviour for the self-assembly of nanoclusters on silicon,
or other, material surfaces.”

As nanowires undergo heat stress, they create a thin layer of molten liquid on
their surface. How nanowires behave when they create this liquid – close to
their melting point – was largely unstudied, so Kannan’s work was pioneering
in the field.

Kannan’s simulations were based on experimental data of metals. With a set
of equations, he simulated how the forces of atoms within each nanowire
influenced each other. As the nanowire heats up, the atoms become excited
and eventually undergo a phase change. Through simulation, Kannan obtained
an accurate view of when and where these changes were happening.

“Without modern HPC servers, a lot of research today in nanotechnology,
physics and science in general just wouldn’t be possible,” he said.

“Computational simulations are useful because conducting this kind of
experiment in a laboratory is not an easy task. In simulations we can know the
positions of all atoms at all times and very accurately distinguish what’s a solid
atom and what’s a liquid atom,” he said.

“Without modern HPC servers, a lot of research today in nanotechnology,
physics and science in general just wouldn’t be possible.”
Kannan Ridings, University of Auckland
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NeSI support helps keep
New Zealand rivers healthy
Dr. Jon Tunnicliffe is a researcher at the University of Auckland,
specialising in fluvial geomorphology: the study of sediment transport
processes of rivers. During the course of his research, Jon has collected
and combined key sediment transport algorithms into the Gravel Routing
and Textural Evolution (GRATE) program.
The code provides a one-dimensional simulation of river flow conditions,
that will adjust river bed elevation and grain size composition in response
to upstream flow conditions. GRATE is used for research at the University of
Auckland, as well as the National Institute of Water and Atmospheric Research
(NIWA). Support from NeSI’s Computational Science Team has helped Jon
update the GRATE program for use in education, industry and research.
“There is quite a bit of demand for exploring issues with gravel extraction and
changing the stopbank configuration of channels: narrowing the channel or
widening it. That’s something we’ve simulated with the code. Managing dam
infrastructure is important in New Zealand, as well as persistent overloading of
the river from erosion and landslides” said Jon.
Through NeSI’s Consultancy Service, NeSI team member Chris Scott worked
with Jon to improve GRATE’s user interface and performance. Users can now
enter and modify their river parameters in other programs – such as Microsoft
Excel – and export them into GRATE to model sediment flow.
“It’s been helpful to have routines optimised through NeSI assistance.
They’ve helped with the user interface, so it’s easier for students and
researchers to put their data into the model, experiment with the governing
parameters, and then observe what comes out of it,” said Jon.
These improvements expand on GRATE’s educational applications. Being able
to import parameters from easily accessible software and data formats has
allowed GRATE to now be used by undergraduate students, giving students
the opportunity to work with a type of research code (‘1D’ modelling) that is
commonly used in government and industry research.
“GRATE has been used for things like river gravel extractions. Project managers
are interested in predicting the effects of taking gravel out of the system,
how long it will take to recover or how it will impact the stream further down
the channel,” said Jon.
GRATE has also been used for assessing the impacts of major river works.
Dam construction can lead to a river’s sediment supply being cut off.
Without new sediment, the river might cut into its bed, or trigger bank failure,
leading to other river instabilities. GRATE can simulate these conditions to
see how development along a river can change it. However, it’s not just the

human interference of New Zealand’s rivers that GRATE can simulate. Natural
disasters can dramatically change river flow and create long-running ecological
problems, months or years after an initial disaster. This environmental damage
can be simulated as well.
“GRATE can be used to look at post-earthquake impacts on river systems;
what happens when you load these systems with sediment. We’re monitoring
several rivers that are still recovering from the Kaikoura earthquake in
2016. One of them has piled up more than 30m of sediment within the
confining valley.”
NeSI helped Dr Tunnicliffe create an optimised version of the program, to be
used on NeSI systems. By improving the way vectors were initialised, Chris was
able to help reduce run time, allowing the code to run 1.5x faster. The optimised
Linux version can be used on complex sedimentary flow simulation for research
and industry.
In this capacity, the speed boost would mean fewer supercomputing hours
required for the same work, dramatically decreasing cost and computing
power requirements.
“The headless version that can go straight into the Linux environment and
can be called hundreds or thousands of times for the parameter sweep or
uncertainty assessment of the model. NeSI helped optimise that research code
and get it ready for high-performance computing.”
Currently the GRATE code is hosted on Github (jtunnicl/GRATE), and Chris
has helped Jon to manage releases for both Windows and MacOS.
This public-facing repository has been helpful for sharing the code with
students, colleagues and industry partners; ongoing feedback has helped
Jon to develop some wiki resources and trial test cases that new users can
experiment with.
“I think both industry and research are moving to an open-source model.
Anything you’re presenting you need to provide the code as well. GRATE is
considered closed-source, but now that we have a cleaner interface it can
be an open-source solution.”
Through Jon’s collaborative work with NeSI, GRATE now has a variety of
applications, and provides another tool for the toolbox of hydraulic engineers,
river ecologists, watershed managers, and fluvial geomorphologists (among
others). The process of refining the code with collaborators and making it
accessible to new users will continue, thanks to this extensive editing and
tuning of the code base.

“I think both industry and research are moving to an open-source model. Anything
you’re presenting you need to provide the code as well. GRATE is considered closedsource, but now that we have a cleaner interface it can be an open-source solution.”
Jon Tunnicliffe, University of Auckland
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Future planning through
high-resolution wave modelling
New Zealand is a nation of islands bounded on one side by the Pacific
Ocean and on the other, the Tasman Sea. Coastline plays an integral role
in our country’s industries, its lifestyle and its traditions. But as the climate
and weather changes over time, so too can the coastline that defines New
Zealand. The dynamics of coastline change present a range of benefits
and problems to the country, from beach erosion or accretion, to the
destruction of nearshore structures due to wave attack.
João Albuquerque is a PhD student at the University of Auckland studying
wave climatology. There, he has created a model that describes the past
of New Zealand’s offshore and nearshore waves and a predictive model
of how they may change until the end of the century. His work is part of a
larger project, overseen by Dr. Giovanni Coco, combining wave models with
beach morphodynamic models and storm surges to understand how these
environmental changes will affect New Zealand’s coasts.
“I am generating off-shore and near-shore wave information for the whole of
NZ. This information can be used for a range of different studies in shoreline
morphodynamics, beach erosion, or assessing the impacts of building nearshore or off-shore structures,” said João.
The first part of João’s project took wave data from the past 20 years and
collated it into a model of New Zealand’s coasts. By processing this data on
NeSI supercomputers, João was able to create a predictive model of how
New Zealand’s wave patterns would change over the next 80 years, based on
three global climate models and two changing climate scenarios.
“There are global climate models that simulate the future climate based on
different greenhouse gas scenarios. Based on the atmospheric changes these
models are projecting, there are global wave models. I’m bringing these waves
from off-shore to near-shore. From that, we can have an idea of whether these
waves will increase or reduce in size.”
The model provides wave parameters for all the coastline around New
Zealand, however, it also has high-resolution data at three sites: Raglan, Tairua,
and Tauranga. Here, João simulated waves in high resolution grids of one
kilometre. To do this, João needed processing power.

Even with NeSI’s computational power, João had a unique problem to solve.
João had 20 years of existing wave data plus 18 different 20-year wave
scenarios from global climate models he wanted to propagate into his model
under different spatial resolutions. By breaking the 20-year data into six-month
chunks and running them in parallel, he could significantly cut down his
processing time. However, each high-resolution data chunk was dependent
on the information from a previous, lower resolution one. To overcome this,
João timed his data sets in a cascade, as one finished another began.
With advice from NeSI’s Support team, João switched to job arrays to manage
this task, increasing his run efficiency.
“There was also a limit to the number of cores I could use while running these
simulations. The benefits would begin to decline once I exceeded 26 cores.
To overcome this limitation, I broke the simulation into 40 smaller simulations
running in parallel, so I could use all the available cores.”
João’s wave model will be incorporated into a larger model of New Zealand’s
coasts to inform coastal hazards and environmental development. But it’s
already being used by another project at the Energy Research Group at the
University of Waikato. There, Danielle Bertram is using João’s wave models to
investigate wave energy as a renewable power source in New Zealand.
“A lot of models don’t produce energy period as one parameter. That’s why
João’s tool is so important for my research,” said Danielle. “That parameter
lets us work out the electrical output of a wave energy device at a specific
location. “João’s model is the most useful thing in my industry, so I can imagine
the implications it will have across the ocean and wave space.”
As an island nation, it is vital to understand how New Zealand’s coasts
have changed and will continue to change in the future. Without NeSI
supercomputer data storage, processing, and support, high-resolution wave
modelling like João’s would not be possible. With it, we can catch a glimpse
at how the changing world climate will affect this economic resource and
important part of New Zealand’s environment.

“I have around 20 Terabytes of data. It’s a lot of data and an extensive
computational effort to calculate this wave propagation under different
conditions. I’m lucky to have access to a cluster like NeSI’s. Without it, I’d be
running this model for years, rather than about a month.”

“I am generating off-shore and near-shore wave information for the whole of
NZ. This information can be used for a range of different studies in shoreline
morphodynamics, beach erosion, or assessing the impacts of building near-shore
or off-shore structures.”
João Albuquerque, University of Auckland
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How multithreading and
vectorisation can speed up
seismic simulations by 40%
Remember the 9.1-magntitude, Tohoku-oki earthquake, which shook
Japan in 2011? This event triggered a powerful tsunami with a wave
reaching 40m and penetrating up to 10km inland. It was the fourth most
powerful earthquake recorded in the world since 1900. In New Zealand,
we have all the conditions in place to produce a similar mega-thrust
earthquake. Geodetic monitoring has revealed that a large portion of the
Hikurangi subduction zone beneath the North Island of New Zealand,
where the oceanic Hikurangi Plateau is slipping beneath the continental
crust of the Indo-Australian Plate, is currently locked.
This implies that stress is building up. The degree of locking, however,
appears to be highly variable with complex patterns of seismic and aseismic
(earthquake-free) activity along the fault line. Similar patterns of mega-thrust
slip activity have been observed at many other Pacific-Rim subduction
zones; yet, the underlying mechanisms controlling the variability in fault
slip behaviour at Hikurangi, as well as at other subduction zones, are poorly
understood. GNS Scientist Dr Yoshihiro Kaneko and Victoria University
of Wellington PhD student Bryant Chow are applying state-of-the-art
seismological techniques and numerical modelling, combined with existing
and new seismic datasets, to shed light on the underlying mechanism of
complex mega-thrust slip behaviour at subduction plate boundaries.
Together, Yoshihiro and Bryant are producing detailed images of the 3D structure
and geometry of the Hikurangi mega-thrust region using a technique called
seismic tomography. Using the knowledge gained from these images, they
are working to develop a dynamical model of crustal deformation that can
reproduce the spectrum of fault slip behaviour at the Hikurangi subduction zone.
Ultimately, this model will help New Zealanders better prepare for future massive
earthquake events. NeSI resources have been essential to their work, particularly
the expertise of NeSI Computational Science Team members Alex Pletzer and
Wolfgang Hayek. Alex and Wolfgang have been assisting Yoshihiro and Bryant in
building the numerical tools required to simulate seismic wave propagation for

the Hikurangi subduction zone. One such tool generates a mesh. A second tool,
the community finite element code SPECFEM3D, reads the mesh and solves for
the propagation of seismic waves.
Together these tools demand hundreds of thousands of computational core
hours to calculate the fault slip spectrum. Because of the scope and impact
of the research, it is essential that these tools be optimised to run in the most
efficient manner on NeSI’s High Performance Computing (HPC) platform.
Execution speed depends on hardware, compiler, compiler options, and run time
tuning. At NeSI, the HPC systems have Cray, GNU and Intel compilers installed,
which allowed Alex and Wolfgang to pick and choose the compiler that produces
the fastest code. Previous optimisation work with Alex demonstrated that the
choice of compiler can improve performance by as much as 30%.
In this latest project, Alex and Wolfgang demonstrated the benefit of
vectorisation as well as running the mesh generation and finite element
solver in hybrid MPI/OpenMP mode. Using hybrid parallelism in conjunction
with the Cray compiler resulted in a factor 1.4x performance improvement
over the previous best, pure MPI, GNU compiler based solution using the
same amount of resources. This solution means that Yoshihiro and Bryant
will be able to reduce their core-hour consumption by 100,000, saving both
operating and energy costs – a win-win for researchers and NeSI.
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Raising the profile of diversity and
inclusion in NZ research and science
communities
On 02 October, the Ministry of Business, Innovation & Employment
(MBIE) announced $6 million of new funding to be allocated to
programmes that encourage diversity in science over the next four years.
The announcement said MBIE wants to remove the barriers that are
slowing down progress in this space and ensure that equity, diversity and
inclusion initiatives are prioritised.
“This extra support will help more research and science institutions to take
ownership and break down the structural and societal barriers that exist for
underrepresented groups in the science system, including Māori and Pasifika
groups and women,” said Honourable Megan Woods.
As a stronger focus is brought to recognising and encouraging diversity
and inclusion in New Zealand’s science and research sectors, the NeSI team
have been involved in a number of collaborations and activities to initiate
conversations, engage in collaborations, and create opportunities for bringing
these topics to the forefront.
Below are a few of the team’s recent activities in this area:
• NeSI hosted its largest ever Science Coding Conference this year, with
many new faces and a growing diversity of representation from the New
Zealand Research Software Engineers (RSE) and science communities.
NeSI’s Research Communities Advisor Nooriyah Lohani has been leading the
community-building charge in this area. We were also pleased to host three
excellent keynotes, sharing diverse perspectives on how software and code
development is supporting research:
• University of Canterbury Associate Professor Tammy Steeves (who spoke
jointly with computational biologist Roger Moraga), who shared a
perspective on the computational needs in the conservation genetics
domain and how they relate to those of computational biologists.
• Dr Céline Cattoën-Gilbert from NIWA who spoke about how her team is
using Artificial Intelligance (AI) and high performance computing (HPC)
for flood forecasting
• Dr. Anushia Inthiran from the University of Canterbury who talked about her
research in human - computer interaction in medical search patterns
• NeSI Communications Manager Jana Makar is among the inaugural
members of a new Diversity and Inclusion Working Group, established by
Australasian eResearch Organisations (AeRO) to improve the diversity,
inclusion, balance, and sense of belonging in the eResearch sector.
The Working Group meets regularly to discuss diversity and inclusion issues,
to identify issues and future activities, and to contribute to AeRO’s Diversity
and Inclusion Resources. Anyone is invited to join the discussions via AeRO’s
eResearch Chat and Collaboration platform.

• As part of the recent eResearch Australasia 2019 conference in Brisbane,
themed “eResearch Diversity, two NeSI team members — Jana Makar,
NeSI Communications Manager, and Megan Guidry, NeSI Training
Coordinator — co-hosted a Birds-of-a-Feather session with Kerri Wait, an
HPC Consultant at Monash University, to explore interest in establishing an
Australasian Chapter of Women in High Performance Computing (WHPC).
WHPC was created as an international organisation with the vision to
educate and collaborate with the global HPC community and encourage
participation by providing knowledge, fellowship, and support to women
and the organizations that employ them. Participants in the eResearch
Australasia BoF showed interest in pursuing the effort to establish a WHPC
Chapter, and to better align and coordinate any existing communitybuilding, networking, and skill-building activities for women in New Zealand
and Australia’s HPC and eResearch sectors. NeSI is keen to continue these
conversations at eResearch NZ 2020 next February in Dunedin, and will look
to host another BoF session as a followup.
• As part of the 2019 Australasian Leadership Computing Symposium (ALCS)
happening in Canberra on 6-8 November, NeSI team members assisted with
the coordination of an all-female plenary session, hosting two NeSI users:
Dr. Ann McCartney (Manaaki Whenua - Landcare Research / Genomics
Aotearoa) and Dr. Krista Steenbergen (Victoria University of Wellington).
Themed “All About the Data”, the discussion will focus on topics such as big
data, FAIR principles, virtual data, and recovery / management of data. ALCS
is gathering communities from across Australasia to share knowledge and
practice within high performance computing (HPC) and high performance
data (HPD), and across research areas such as astronomy, genomics,
geosciences, climate and weather, and materials science.
• NeSI, alongside event co-hosts Genomics Aotearoa and REANNZ, is keen
to use eResearch NZ 2020 to carry on conversations from eResearch
NZ 2019 regarding Indigenous data sovereignty (IDSov). Last year, Tahu
Kukutai was scheduled to speak on this as a keynote, however due to a
last-minute conflict she asked Māui Hudson, Associate Professor / Manukura
at Waikato University to speak in her place. His talk shared an overview
of developments in IDSov with a specific focus on the opportunities and
challenges in Aotearoa NZ.
If you have ideas of other ways NeSI can support initiatives and discussions
around diversity and inclusion within New Zealand’s research and science
sectors — particularly related to building digital skills or strengthening
collaborations and computational approaches within research communities
— please contact us to explore options for making it happen.

71

12

NeSI and Genomics Aotearoa
celebrate inaugural Metagenomics
Summer School success
As part of the NeSI and Genomics Aotearoa partnership to build and
diversify digital skill capabilities for genomics researchers across New
Zealand, NeSI was pleased to support Genomics Aotearoa’s recent
Metagenomics Summer School on 10-13 December.
The inaugural event, organised by Genomics Aotearoa and University of
Auckland researchers Dr. Kim Handley and Dr. David Waite, aimed to teach
the fundamentals of metagenomics data, data management, and analysis.
Held at the University of Auckland, the school hosted 40 participants for four
days of hands-on sessions related to various concepts of metagenomics
data management and analysis for genomics research. Session topics included
best practices for organisation of projects and data, use of command line
utilities, use of command line tools to analyse metagenomics data, and how to
do that all in a High Performance Computing (HPC) environment.

“I really enjoyed teaching researchers skills that they can apply immediately
to their current projects, as well as introducing them to the ways NeSI
resources can support those projects,” says Dinindu. “I’ve since had three
researchers followup and request accounts on NeSI, which is a really exciting
outcome for everyone.”
Feedback from the School’s first round of participants has been positive,
which has organisers already thinking about next year’s edition.
“I look forward to being involved again,” says Dinindu. “From a NeSI perspective,
it’s a great opportunity to connect with researchers and students in the
genomics community, and to help them acquire valuable skills and tools that
can help them advance their research projects.”

“We wanted to host this event as it has been clear to us for some time that
these skills are in desperate demand in New Zealand,” said David. “We were
extremely pleased with how it went, the attendees were enthusiastic and
engaged, despite some long and challenging days. The help we received
from NeSI was fantastic, and the workshop would not have been as successful
as it was without NeSI’s support.”
Access to NeSI’s HPC platform was essential for the event. NeSI team member
Dinindu Senanayake attended the Summer School to help attendees get
started on the NeSI and to assist Genomics Aotearoa Training Coordinator
Ngoni Faya with teaching the introductory sessions on using Linux and the
command line.

“I really enjoyed teaching researchers skills that they can apply immediately to
their current projects, as well as introducing them to the ways NeSI resources can
support those projects,” says Dinindu. “I’ve since had three researchers followup
and request accounts on NeSI, which is a really exciting outcome for everyone.”
Dinindu Senanayake, NeSI
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