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An end to the Antarctic ozone hole is not the end of concern for UV-induced skin
cancer in New Zealand, according to Ben Liley, atmospheric scientist at NIWA's

Lauder Research Station.

“Many of us have the wrong skin type for living even at
comparable northern latitudes in southern Europe or the
US. We are at even greater risk in New Zealand, where UV
intensity is 40 per cent higher,” he says.

“The Antarctic ozone hole was only to blame for about three
per cent of the difference.”

Liley says about half the difference is due to the Earth’s orbit
and differences in ozone, both high in the atmosphere and
near the surface, where it is a product of air pollution. The
rest of the UV difference is the subject of ongoing research
by NIWA at Lauder. It is expected to be some combination of
the effects of cloud and aerosol - small particles from both
natural processes and human activity.

NIWA atmospheric scientist, Ben Lily. (Dave Allen)
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In July this year, research from the Massachusetts Institute

of Technology [MIT) confirmed the Antarctic ‘ozone hole” had
shrunk by around 4.5 million km? over the past 15 years and
is opening more slowly each year.

First author of the MIT report Susan Solomon has been

a leading world authority on Antarctic ozone chemistry
from the earliest days of the ozone hole. She was a visiting
scientist at Lauder for some months in the early 1990s, and
she has jointly authored more than a dozen refereed journal
articles with Lauder scientists.

Liley says a generation of NIWA scientists contributed to
research behind the historic announcement. In an early
contribution to the international effort, NIWA's nitrogen
dioxide (NO,) measurements at Lauder debunked a theory
that the ozone hole was caused by a natural cycle in NO,
related to the sun-spot cycle.

The recent paper by Solomon and colleagues shows the
continued importance of observations like those at Lauder.
“Several statistical indicators of the Antarctic ozone since
2000 fall just short of the expected 95 per cent statistical
proof, due to a Chilean volcanic eruption in 2015. Aerosol in
the stratosphere from very powerful eruptions provides a
reaction surface for the chemistry that destroys ozone.”

A 'laser radar instrument at Lauder, operated in collaboration
with Japanese colleagues, profiles the atmosphere to about
50 km altitude weekly. It provided excellent data on the
Calbuco aerosol cloud, helping researchers to separate the
impact of the volcano from other ozone chemistry.

Liley says the MIT announcement confirms a triumph of
human collaboration to quell an environmental disaster of
human making.

“The Montreal Protocol has been hugely successful. Its
success is a testament to the collective efforts of all involved.
Global collaboration has been required to measure ozone
and a host of other trace gases of natural and human origin
to both test the models directly and provide ground-truth for
satellite-borne instruments.”

“It provides a model and some hope for the global effort
required to halt and if possible reverse anthropogenic global
warming and all of its associated problems.”

Liley points out that ozone affects the dynamics and
photochemistry of the global atmosphere, so despite the end
of the “ozone hole” its interplay with global warming justifies
ongoing research.

WWW.NIWa.co.nz



Wellington is set to enjoy a warm spring, along with most of New Zealand. (Dave Allen)

Ready, set, go - it’s time for a warm leap

Into spring

It's time to close the door on winter - spring has arrived bearing gifts of warm winds
and sunshine. NIWA forecaster Ben Noll says subtropical winds flowing south from
near New Caledonia made the start of the new season feel more like November or

December.

Mr Noll said strong high pressure passing over the top
and then northeast of New Zealand had drawn warmth
southward. This pattern could repeat several times during
the first half of September.

As a result, a couple of rounds of record-breaking maximum
and minimum temperatures were possible, he said, with
temperatures rising to between 5°C and 10°C above the
average maximum daily temperature.

“Some places may approach 25°C as a classic foehn wind
develops.”

The warmer temperatures forecast for early September are
caused in part by more sunshine. The sun’s altitude at solar
noon is higher in the sky than it was a bit over two months
ago at the Winter Solstice, allowing for more direct solar
radiation.

This type of weather pattern is typically one that brings
mostly dry conditions to the east of the South Island, a
region that continues to suffer from below normal rainfall
and soil moisture. The warmer than usual weather may
also contribute to some ski field snowmelt, especially at
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Mt Ruapehu; however, since many South Island fields have
healthy snow bases, the effects there might not be quite so
harsh.

Meanwhile, winter has left a trail of records in its wake

and has certainly made its contribution to 2016 being the
warmest on record in New Zealand for the first eight months
of the year.

The highest winter temperature was 25.1°C, at Napier on
10 June. This was also the highest winter temperature ever
for Napier. Gisborne also experienced its highest winter
temperature on record with 23.2°C, also on 10 June.

Winter's lowest temperature was -17.8°C, at Takahe Valley
(near Te Anau) on 7 August. Auckland's wettest June hour
on record was between 1 pm and 2 pm on 29 June when 26.6
mm of rain bucketed down on the city.

Waipara West in the north of Canterbury was tracking toward
its second driest winter on record with just 73mm of rain
through to 28 August. This is 43 per cent of normal winter
rainfall. And Timaru was tracking for its sunniest winter on
record since 1930 with 510 hours through to 28 August.

Water & Atmosphere October 2016



In brief

Marine ecologist Dr Kim Goetz with one of six
highly sensitive acoustic devices that have been
deployed in and around Cook Strait. [Dave Allen)

Songs in the strait

NIWA marine ecologist Dr Kim Goetz

is searching for the sounds made by
marine mammals as they pass through
Cook Strait.

Kim and her team have deployed six
acoustic moorings to record the sounds
made by whales and dolphins.

The moorings are made up of a string
of hydrophones anchored to the sea
floor. They will spend six months
collecting acoustic data before being
retrieved to download collected data
and redeployed for a further six
months.

“This has never been done this way in
New Zealand. For me, as a biologist, it's
exciting to answer some of these really
basic questions,” Dr Goetz says.

“More than half the world's whales
and dolphins are found in New Zealand
waters yet very little is known about
their migration paths, their behaviour
and where they go.”

While NIWA is focusing mostly on
whales, Dr Goetz said leopard seals
from Antarctica have been seen in New
Zealand recently.

“It would be great to hear them

because they're very vocally unique.”
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Principal Scientist, Forecasting,
Chris Brandolino. (Dave Allen)

Record year set to
continue

Climate change, warmer sea
temperatures and subtropical northerly
winds have banded together to make
2016 the warmest year on record.

Temperatures from January to June
this year were 1.3 degrees Celsius
above average, making it the warmest
first six months of the year to date.

The record temperatures were set to
continue as NIWA forecasted a warmer-
than-average winter.

Ocean temperatures have also been
more than 1 degree Celsius higher than
average in some areas since February,
with the effects of this rolling into
winter.

“Warmer seas around the country will
push hotter, more humid air across
most of the country,” NIWA forecaster
Chris Brandolino explained.

“This results in extra moisture and
energy which could arrive in storms and
extreme weather conditions.”

From July to September, temperatures
were 60-70 per cent likely to be higher
than average. Seasonal rainfall totals
are about equally likely to be near
normal or above normal for all regions
of New Zealand.

President of the New Zealand Marine Sciences
Society, NIWA's Dr Helen Neil (left], with NIWA
marine ecologist Dr Judi Hewitt. (Dave Allen)

Marine science success
recognised

NIWA scientist Dr Judi Hewitt has been
awarded the prestigious New Zealand
Marine Sciences Society (NZMSS]
Award.

Announced in July at the NZMSS
conference, the award recognised
Judi’s international reputation as an
outstanding leader in marine ecological
field experiments.

Judi has published more than 130
peer-reviewed journal articles and is
an editor for two international journals.
She is best known for her skills in
using advanced statistics to address
challenging ecological questions.

Judiis in demand internationally and,
in addition to science leadership roles
at NIWA and with the Sustainable Seas
National Science Challenge hosted by
NIWA, she is also a professor of marine
biology at the University of Helsinki.

The NZMSS said Judi was an excellent
science communicator, delivering
lectures and talks around New
Zealand and overseas and was also an
outstanding role model and mentor for
young women in science.

WWW.NIWa.co.nz



Italian scientist Davide Di Blasi (left) and
NIWA's Darren Stevens [right] on FV Janas
during the mid-winter toothfish survey.
[Dawie Potgieter)

Toothfish secrets
uncovered

A winter fisheries survey of the Ross
Sea has allowed scientists to collect
Antarctic toothfish embryos for the first
time.

Working with the Italian National
Programme of Antarctic Research

on Talley’s commercial fishing vessel
Janas, NIWA scientists collected the
embryos using plankton nets which can
sample to depths of 500m.

NIWA fisheries scientist Dr Steve
Parker said the discovery of developing
toothfish embryos was important for
several reasons.

“Finding them documents the spawning
season of the fish, confirms some areas
where spawning was suspected to
occur, and, most importantly, provides
information about the depth at which
the drifting eggs reside in the water
column.”

NIWA has also fertilised eggs from
captured adults, providing a known
start time to observe developmental
rate.

The information discovered will also
be used to improve stock assessment
and ecosystem models and advance
management of the Ross Sea fishery.

WWW.NIwa.co.nz

NIWA leads a project simulating future climate
in the Southern Hemisphere. (Dave Allen)

NIWA to test future climate
simulations

The Deep South National Science
Challenge has announced $1.5 million
in funding for seven new scientific
research projects. The projects will
help New Zealanders better understand
their future climate.

NIWA will take the lead on one of these
projects, focusing on improving the

simulation of stratospheric chemistry in
the New Zealand Earth Systems Model.

Taking place over two years, the
project looks at climate change in

the Southern Hemisphere. NIWA
scientists will simulate current climate
and possible future climates under
different scenarios of greenhouse gas
emissions.

The research will allow scientists to
improve climate models and further
develop long-standing relationships
with Australian colleagues also
interested in climate-ozone links.

Funding for the New Zealand Earth
Systems Model was announced in
November. The model, once developed,
will help advance understanding of
Southern Hemisphere influences on the
global climate.

The public can submit seaweed photos to the

Nature Watch website. (Dave Allen)

Public to play scientist

Members of the public are turning their
hand to science to learn more about the
effects of pollution on seaweed.

NIWA has asked people to assist in
collecting sample material for a study
of seaweed. All they will need is access
to the sea, a smartphone or a camera
and computer.

Using the website Nature Watch, the
public can submit photographs of
seaweed and details of where and when
it was found. The photographs can then
be used as sample material for NIWA
scientists to assess the impacts of
pollution on seaweed.

NIWA is looking for photographs of
large brown seaweeds and algae
commonly found on New Zealand
beaches. It is also searching for specific
shots of the seaweed such as stems
and reproductive structures.

Large brown seaweeds provide
important coastal habitats, but in some
parts of the world they seem to be
declining. As they are difficult to press
and preserve, they are not collected as
often as smaller seaweed.
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Panorama: John Morgan

When things change

When you've spent a long time viewing something a particular way, it's hard to

recognise when it changes.

In this issue of Water & Atmosphere, Marino Tahi, NIWA's Maori strategy manager,
says that Maori organisations have changed significantly - they have become very
sophisticated in the way they merge their aspirations for Maori and environmental
wellbeing with their commercial opportunities.

For some time now we have seen the sophistication in the
critical role Maori play in the co-management of freshwater
and the rehabilitation of lost or faded Maori values and
ecosystems.

Tangata whenua are looking for constructive and proactive
approaches that reflect iwi aspirations in matters such

as freshwater management, and we're seeing challenges
confronted and innovative solutions implemented.

This step change is palpable in the national strategies and
commercial collaborations Maori are pulling together in red
meat, fisheries, forestry, and manuka honey. These are being
driven by Maori business networks such as the Federation of
M3&ori Authorities (FOMA), Te Tumu Paeroa, Tuhono Whenua,
and the Poutama Trust.

For Crown Research Institutes, the sophistication can

be seen in Maori demand for multi-disciplinary science
and advice to underpin strategic planning and investment
decisions.
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They want monitoring and data to aid planning and decision
making that improves productivity, regulatory compliance,
and the ability to meet market, shareholder and community
expectations.

This demand poses an intriguing challenge for the science
sector. We certainly have the expertise, but across the board
there are too few Maori scientists who can work at the
interface between Te Ao Maori and the science world. It's not
enough to be well-intentioned. Maori want people who share
their aspirations and values, and understand the Maori world
view.

As well as understanding cultural and commercial
imperatives, Maori and tribal development requires people
skilled in sciences (biophysical/social), policy and planning,
knowledge visualisation and data delivery.

NIWA's Maori development and engagement team -

Te Klwaha - does have critical mass and has a long-
established reputation for working closely with iwi to
incorporate science and matauranga, and to help foster and
develop young Maori scientists.

The 12-strong unit sees itself as science and commercial
specialists who know how their Maori partners operate and
think. They share the values of kotahitanga (partnership),
manaakitanga (caring, hospitality], whanaungatanga
(fostering relationships) and kaitiakitanga (stewardship or
guardianship of the environment].

The team works with iwi and Maori businesses to maximise
the value of their interests in agribusiness, fisheries,
aquaculture and energy sectors.

When people change, you need to see the transformation
before you can respond and change with them.

John Morgan is Chief Executive of NIWA

WWW.NIwa.co.nz



Collective value

NIWA'Is working alongside Maori to develop gateways to science and
technology partnerships that are helping grow the Maori economy.

Dr Shannan Crow (left] and Dr Phil Jellyman
[right) collecting longfin and shortfin eels in
Lake Ellesmere/Te Waihora. (Dave Allen)
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Collective value

For NIWA scientists two days spent on a course at Raglan
recently ended up being as personally rewarding as it was
professional.

At Raglan’s Poihakena Marae, 26 staff were immersed in
tikanga Maori, learning protocol, history and values that have
added a depth of understanding that was previously elusive.

The course was run by the Te Kiwaha team, NIWA's
12-strong Maori environmental research group, with the aim
of showing colleagues that a better understanding of the
Maori world is not only an asset, but essential.

The scientists learned how to introduce themselves in Maori,
including the reasoning behind the importance of including
where they came from, and the value placed on personal
connections, especially in business.

The course, said one participant, gave him a far greater
understanding of where Maori were coming from and why
they saw the world differently, and he now felt far more
confident meeting groups he needed to deal with in his job.

Marino Tahi, who took over as manager of Te Kiwaha
about 12 months ago, should allow himself a moment or
two's satisfaction that the noho marae course was so well
received.

But he is the first to acknowledge there is a long journey
ahead. Right now, Te Kiwaha is in a rebuilding phase.

Since Tahi joined NIWA - after a decade as Maori
partnerships manager at Landcare Research - he has
embarked on a carefully planned strategic mission aimed

at ensuring NIWA is properly positioned to work alongside
Maori organisations as they build their assets, expertise and
profit margins.

“Maoridom is very sophisticated these days,” he says.

“NIWA is not the only game in town and we need to have
scientists that straddle the Maori and Pakeha world. If Maori

NIWA Manager of Maori Strategy and Engagement - Marino Tahi.
[Dave Allen)

Water & Atmosphere  October 2016

want a science provider, they need one that can understand
their aspirations and work in partnership to bring knowledge
systems together.”

Understanding how the Maori economy works is
fundamental to how well NIWA succeeds in this area.

Some basics:

e The M3ori economy is worth about $40 billion annually.

e The growth rate of Maori trusts and tribal groups can be
two to three times faster than similar Kiwi entities.

e In the primary sector Maori investment makes up 36 per
cent of the forestry industry, 12 per cent of sheep and beef,
30 per cent of lamb production, 10 per cent of kiwifruit, 10
per cent of dairy production and 40 per cent of the fishing
quota.

In other words, and as spelt out in a 2013 Te Puni Kokiri

report, the Maori economy is a significant and increasingly

important contributor to the New Zealand economy. That
report put its total value at $42.6 billion, up from $36.9 billion

in 2010.

Chris McKenzie can reel off these figures without pause.

He has been NIWA's Maori economy expert for about six
months. A former political strategist for Maori Party leaders
Tariana Turia and Te Ururoa Flavell, he was also chairman of
central North Island iwi Raukawa, and has led treaty claim
negotiations and built commercial companies.

He is also a gifted orator. At the noho marae course at
Raglan, he had his audience spellbound as he told them
the history of his tribe, Ngati Raukawa, their Treaty of
Waitangi claims and settlement and subsequent economic
development.

He says New Zealand is now witnessing a maturity within
Maori enterprises in which land is more productive,
businesses are turning a profit and growth rates are
outstripping other organisations.

“Gone are the days when M&ori organisations owned one
farm. Most trusts now own three to five farms and are
growing all the time - so we only do big now and we're very
collaborative.”

McKenzie acknowledges there are challenges working with
Maori organisations, particularly in bridging the cultural
divide, but he believes NIWA is well placed as long as it looks
beyond one-off small projects and sees the value in working
collectively.

Tahi also acknowledges the sophistication of Maori business,
but cautions that NIWA is not the only player. “We have to
define our point of difference in the Maori space.”

Both men are keenly aware that growth in the Maori
economy presents huge opportunities for NIWA.

“Every year as the tribal financial asset bases grow, some of
that money is going into environmental projects. My point is
that while Maoridom is a small part of the economy, the work

WWW.NIWa.co.nz



NIWA staff at Raglan's Poihakena Marae. (NIWA)

they are doing is increasingly in an area where NIWA has
expertise,” McKenzie says.

Fishing, farming and aquaculture offer huge potential for
Maori; significant money has been invested by iwi and other
M3ori entities and is now at the stage where science and
technology is needed to boost the level of productivity.

But what sounds like a perfect fit isn't quite that easy.
McKenzie says Maori don't tend to shop around for support
and will try to build capability internally where they can.

He points out that a collective of Maori fishing companies
frequently sends young Maori scientists to train in Japan.

That is partly why Tahi’s strategy for Te Kiwaha places
heavy emphasis on strengthening the quality of NIWA's
relationships with Maori to ensure the work it does is
“transformational rather than transactional.”

“It's in the name itself,” says Tahi. “It translates as ‘the
gateway’ or portal - NIWA's portal into the Maori world. The
reality is that Te Klwaha relies on the wider organisation and
its capabilities and likewise, the organisation relies on Te
Kawaha to achieve some of the Maori objectives in research
programmes.”

Te Kdwaha, along with iwi, share the values of kotahitanga
(partnership), manaakitanga (caring, hospitality),
whanaungatanga (fostering relationships) and kaitiakitanga
(stewardship or guardianship of the environment).

The team, comprising programme leaders, researchers
and support managers, leads Maori-centred research and
its science staff also contribute to mainstream scientific
research. Tahi says the team members see themselves as
specialists who know how their audience operates

and thinks.

WWW.NIwa.co.nz

“In the commercial sector NIWA has a strong presence, but
in the tribal sector there are definite advantages to having a
Maori shop window within the NIWA range of products.”

Te Kiwaha's top priorities are strengthening relationships,
building capability within the team, particularly in marine
science, and enhancing bicultural development within NIWA.
He has ambitious plans for the group, wanting to expand it to
about 40 people, with a strong succession plan in place.

McKenzie also says there is a need for “expert navigators”
who can steer the organisation through the Maori business
environment.

“What is important for NIWA is not to get a navigator in

when it's near crisis point. | think that ensuring everybody
understands the specific needs of tribes is an issue with
science in general. Strangely enough, although many entities
are trying to make a dollar, sometimes that is not the overall
priority.

“NIWA has a tendency for social good, good environmental
outcomes and to an extent, commercial outcomes, but
aligning the values correctly with M3ori entities goes a long,
long way | think.

“NIWA people are the absolute experts in their area, but if
you go to see a Maori organisation you can't just go as the
expert, you have to go open enough to understand where the
organisation is going.

“If you crack that code you will enjoy a long-lasting and loyal
relationship as they grow.”

Water & Atmosphere October 2016
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Warriors of the

harbour

Just 20 minutes north of Wellington, where SH1T meets the coast, lies Te Awarua-o-
Porirua Harbour, the largest estuary in the lower North Island. This network of inlets,
wetlands and shell banks was once a rich food basket for local iwi Ngati Toa.

Veronika Meduna reports that the iwi has now joined forces with councils and NIWA to

restore the ecosystem to its former health.

Overlooking the glistening harbour from atop the Onepoto
hills near his local marae, Ngati Toa kaumatua Taku Parai
recalls how his people arrived and settled in the area.

Led by famed warrior Te Rauparaha, they had made their
way south from Kawhia. When they reached the high ridge
that frames the two arms of the Porirua Harbour, they saw a
land of plenty.

“The harbour was our Countdown,” says Taku Parai. “We
used it as our food source. Shallow water food came from
the inner harbour and the deeper food we wanted was out in
Cook Strait.”

He says his older brother, now 87, still remembers walking
the hills that surround the harbour as a child to collect
conger eels and kaimoana.

“The pipis used to be big and beautiful and the best in the
country when | was a kid, and | just caught the tail end of
that opportunity and ability to get food from the harbour.”

Back in 1888, Ngati Toa had the foresight to write a letter to
the colonial government, warning that the harbour’s health
would soon decline as more and more settlers were arriving.
The iwi called for its protection in its pristine condition, but a
decade later a hospital asylum was built, which resulted in
waste being pumped into Porirua Stream.

“While we were gathering shellfish at this end, they were
pushing it out into the harbour and our people started dying
of typhoid,” says Taku Parai.

Then, in the 1950s, road construction straightened some
of the coastline and truckloads of rocks and debris were
dumped across flounder beds.

“And, after the war, we needed people to help with the
reindustrialisation of the country and housing was built
in Porirua East. Where did they put the dirt from that
reclamation? Into the harbour.”

The continued degradation of the harbour and estuaries took
away the integrity and mana of his people, he says.

“The harbour to me is a huge issue and | won't be satisfied
until my grandchildren can go back to it and eat pipis.”

With ongoing changes in land use, which now include the
construction of the four-lane Transmission Gully motorway,
new residential housing and forestry plantations ready to be
harvested in parts of the catchment, it was clear that there
would be more impacts on the harbour and that something
had to be done. To this end, back in 2012, Ngati Toa joined
forces with three local authorities, NIWA and the community
group Guardians of Pauatahanui Inlet to launch the joint
Porirua Harbour and Catchment Strategy and Action Plan.

The aim is to implement a management plan for the
harbour, and underpinning the endeavour is a robust
science programme that addresses three major issues:
sedimentation, pollution and habitat degradation.

"The harbour to me is a huge issue and | won't be satisfied until my
grandchildren can go back to it and eat pipis” - Taku Parai. (Dave Allen)

Water & Atmosphere  October 2016 WWW.Niwa.co.nz



A hand-coloured engraving by Samuel Brees shows Porirua Harbour as it was in 1847. (Ref: E-070-011. Alexander Turnbull Library, Wellington, New Zealand)

“The biggest issue is sedimentation. If we could tackle that,
we would reduce pollution and improve success rates for
habitat restoration projects,” says Dr Megan Oliver, a senior
environmental scientist at Greater Wellington Regional
Council.

The two arms of Porirua Harbour - the Onepoto Arm and the
Pauatahanui Inlet - are quite different systems. The Onepoto
Arm has seen more development, while Pauatahanui Inlet is
still convoluted, with stretches of natural coastline, but both
parts have been receiving excess sediment from erosion-
prone farmland, construction sites and forestry.

Pollution comes into the harbour as occasional sewer
overflows and stormwater runoff in pipes and in the Onepoto
Arm in particular, and littering can be an issue at the mouth
of Porirua Stream.

Research by NIWA and Greater Wellington shows the two
estuaries don’t share sediment flows and neither drains
entirely during each tidal cycle, which means there are large
subtidal areas and contaminants that are not completely
flushed out. Contamination hotspots at the Porirua city’s
main outfall show levels of zinc, copper and lead that exceed
guidelines in some areas.

To establish baselines for sediment flows and contamination,

Greater Wellington has installed turbidity meters in the
major streams that contribute most of the sediment, and,
in 18 spots throughout the harbour, buried plates track the
annual accumulation of mud and sand. Megan Oliver says
the team can use this scientific evidence “to encourage
local authorities to put stricter rules on developers and
stormwater discharges”.

Warrick Lyon, a NIWA fisheries technician who grew

up in the area, says another good indicator of changing
ecosystem health is the size of the cockle population in the
harbour. Back in 1970s, the then Department of Science and
Industrial Research carried out a survey of cockles in both
arms and estimated that the intertidal population was well

WWW.NIwa.co.nz

over 500 million. Almost two decades later, the Guardians of
Pauatahanui Inlet organised the first recount, and by then
the population had more than halved, reflecting a period with
significant subdivision development on the inlet’s shores.
Since then, the cockle population has been on the increase
again and surveys are carried out every three years to keep
track of changes.

Apart from cockles, NIWA has been working with Ngati Toa
to establish baseline data on other intertidal shellfish and
fish species. The fish survey identified 21 species that live in
the harbour or use it during certain times of the year. This
list includes yellow-eyed and grey mullet, spotties, mottled
triplefin, but also kawahai, flounders, eagle rays and rig.

"The biggest issue is sedimentation. If we could tackle that, we would
reduce pollution and improve success rates for habitat restoration
projects” = Megan Oliver, Greater Wellington Regional Council. (Dave Allen)
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“Flounder, kahawai, rays, rig and shellfish.
Large volumes of sediment and pollutants
washed into the water place stress on the
ability of these animals to feed, grow and
reproduce in the harbour.”

Warrick Lyon
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Warriors of the harbour

“Porirua Harbour is an important estuary with habitats that
are essential in the life history of many species,” the survey
found. “It is used in many different ways by many different
species. Some species are year-round residents, such as
kahawai that use the harbour until they reach maturity; sand
flounder of all sizes that leave only to spawn; and mottled
triplefins whose entire life is spent in the harbour.”

Rig come into Porirua Harbour to mate and to have pups.
These small sharks are a commercial species known as
lemonfish, and they are often what you eat when you have
fish-and-chips.

Warrick Lyon has managed to track rig during one summer,
using an especially designed floating GPS tracking system,
and he says the two estuaries are an important nursery for
their young.

NIWA's work was set up to build capacity and to encourage
members of Ngati Toa to continue the surveys and the work
to restore habitat. The earlier surveys from the 1970s found
a rich diversity, with “huge schools of grey mullet”, but
during the housing development along the inlet, average
sedimentation rates reached between 8.5mm and 15mm
per year.

“The pre-European background rate is less than Tmm per
year,” says Megan Oliver.

However, ongoing surveys, including regular bathymetry and
fine-scale monitoring of the seafloor, suggest that Porirua
Harbour is improving. One example of what can be achieved
lies at the far end of the Pauatahanui Inlet, where a bird-rich
saltmarsh has replaced what was once paddocks and a go-
kart track.

To complement the strategy, Greater Wellington has
established the Te Awarua-o-Porirua Whaitua, which
represents the entire catchment area. Warrick Lyon is a
Whaitua committee member and describes the process as
collaborative and consensual, with the goal of developing
regulatory and non-regulatory proposals for land and water
management and to set objectives and limits on what can
be taken from or discharged into the Porirua Harbour
waterways.

NIWA urban aquatic scientist Jonathan Moores and aquatic
chemist Dr Jennifer Gadd are also involved in the Te Awarua-
o-Porirua Whaitua process with the “Modelling Leadership
Group”. This multi-disciplinary group of seven researchers
from throughout New Zealand is contracted by Greater
Wellington to organise modelling to support the Whaitua
Committee in its decision making.

Moores’ involvement is to provide expertise in modelling the
effects of urban development, with Gadd providing expertise
in Bayesian Network modelling. A Bayesian Network

is being de veloped for this process which will allow an
assessment of the effects of different management methods
and development scenarios on water quality and ecological

WWW.NIwa.co.nz
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A public health warning in Pauatahunui Inlet. [Dave Allen)

attributes. This work will feed into social, economic and
cultural assessments, to enable a holistic assessment of the
effects of policies that the Whaitua Committee recommends.

The Bayesian Network model will build on previous models
developed in the MBIE-funded programme “Resilient Urban
Futures” to predict the effects of urban development on
freshwater quality and ecology.

Water & Atmosphere October 2016
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Running off the road

At a rough count, 700 million litres of rain
runs off the nation’s roads every year.
That's enough water to fill almost 300
Olympic-sized pools.

But it's not necessarily water you'd want to fill a pool with.
In places, it is contaminated by toxicants such as fuels,
additives, oil, and brake and tyre residues.

The areas that receive this road runoff vary widely. Even
where stormwater pipes and ditches are built alongside
roads, road runoff sooner or later ends up in streams, rivers,
lakes, wetlands, estuaries, harbours and coastline.

Jonathan Moores, an Urban Aquatic Scientist with NIWA,
explains that the key threat is where road runoff delivers high
levels of contaminants to sensitive water bodies.

“Runoff can be a threat to water bodies because of short-
term elevated levels of toxicants in water and their long-term
accumulation in sediment.”

“So we need to know where road runoff presents the greatest
risks of these short- and long-term effects. We can then
target those places with improved stormwater management
and treatment.”

Moores says investigations of the effects of runoff had
previously tried to understand the level and type of
contaminants produced from roads.

“Until now we've not really had a tool for assessing its
effects on receiving environments. We've needed a way of
understanding both the local and more far-reaching effects
of road runoff.”

Regional councils are beginning to move toward risk-
based stormwater consenting regimes, in support of the
Government's National Policy Statement for Freshwater
Management 2014.

Without a way of knowing what impacts runoff has after it
is channelled off the road, road-builders may be required
by regulatory authorities to over-engineer or even under-
engineer solutions.

That's why the New Zealand Transport Agency (NZTA] wants
to know more about the conditions in which stormwater
runoff from roads could harm the environment. NZTA is
responsible for all state highways, as well as providing
guidance for road operations by local councils.

Armed with information about the estimated contaminant
load of runoff, and local topography and waterways, road
designers can decide the best sort of drainage to install.

To estimate the effect of runoff from particular stretches of
road, the Agency had previously developed a model called the
Vehicle Kilometres Travelled (VKT) screening tool. The tool
focused on the ‘downstream’ effect - how much contaminant
would make it to estuaries and coasts - and used VKT as a
surrogate measure for contamination.

Motorways can contaminate large volumes of water, polluting New Zealand's aquatic environment. (Dave Allen)
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"High concentrations of toxins can affect plant and animal life where road runoff doesn’t move away quickly”
- Jonathan Moores, Urban Aquatic Scientist. (Stu Mackay)

NZTA contracted NIWA and MWH Global, an engineering
consultancy, to make the model also applicable to rivers and
streams and to use estimates of contaminant levels, rather
than VKT, as the basis of the risk assessment.

Carol Bannock, environmental specialist at NZTA, said

the project involved a number of significant tasks so that
effects on both freshwater and coastal waterbodies could be
assessed.

“We need a robust, consistent method for establishing the
relative risk of adverse effects from road runoff that can be
applied anywhere in New Zealand using existing datasets.”

That meant crafting the tool to also calculate contaminant
loads from sources other than roads in built-up urban
environments.

“It required factoring in the effects of pathway attenuation,
traffic congestion and non-road pollution sources.”

Moores explains that a significant component of urban runoff
is copper and zinc from roofs and building materials, as well
as road-related sources such as car brake linings and tyre
wear.

“Copper and zinc are important, both in their own right as
ecotoxicants, but also as indicators of wider contamination of
water bodies from other stormwater-related contaminants.”

Copper is about 5 to 10 times more toxic to aquatic life than
zinc, but road runoff generally contains something like five
times as much as zinc as copper. The zinc to copper ratio
can be even higher than this in stormwater from other urban
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land uses. Previous studies have found sediments in urban
Auckland estuaries containing 12 to 35 parts per million of
copper and 60 to 220 parts per million of zinc. Marine life
begins to be affected at concentrations of 34 and 150 parts
per million, for copper and zinc respectively.

Moores says the tool aims to take into account the
cumulative effect of contaminants rather than zinc or copper
in isolation.

“A key assumption of the method is that elevated
concentrations of copper and zinc together can be more
harmful than one in the absence of the other.”

While NZTA's intention was to improve the screening method
for road networks, a secondary objective was to describe
ways in which the method could be extended to provide

for an absolute risk assessment in relation to established
effects thresholds.

The resulting tool is valuable for what Moores describes as
its “relative assessment scale”.

“We can pinpoint those areas most sensitive to the
contaminated water running off nearby roads. This is where
the risk is greatest, based on the characteristics of both the
runoff from the road and the characteristics of the receiving
environment.

“High risk discharges are red-flagged, taking into account
the sensitivity of the environment and the levels of
contaminants in the discharge from the road.”

Water & Atmosphere October 2016
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Running off the road

The model does that by estimating in-stream copper

and zinc concentrations relative to guideline safety
concentrations. It matches those against the sensitivity of the
receiving environment, which is based on existing modelled
values of a macroinvertebrate community index.

The model contains a number of linked modules and runs in
readily available software platforms [Excel and ArcGIS]. Input
data includes river flow estimates, assessments of estuary
deposition rates, land use information, road traffic data and
road drainage design details.

The tool can produce hotspot maps, showing the relative risk
across sub-catchments. Users of the tool can then drill in

to look at the road network within a given sub-catchment to
look for the roads which generate the highest contaminant
loads.

Where the tool signals that road runoff presents a risk to
receiving water bodies, Bannock says road drainage can be
designed, or retrofitted, with stormwater treatment systems.

“Stormwater treatment devices include engineered ponds
and wetlands that allow the contaminants to settle out and
systems such as raingardens, swales and media filters that
remove contaminants by filtration,” she says.

Bannock says the study has been very successful, and is
likely to play an increasing part in road management.

“It will be used to inform road operation and maintenance
contracts, efficient application of stormwater management
and treatment on road improvement projects, and
development of regional plans and resource consent
conditions.

“Other applications include a ‘drill down’ facility to screen
the road network for contaminated load "hot spots’ and
apportioning contaminant loads between local roads and
state highways. Even better, it can analyse catchments to
identify which roads and urban areas are most troublesome.”

Porirua testbed

The new model was tested around Porirua Harbour, on the
west coast of Wellington. According to Bannock, the diverse
road and land mix of the area made it a good testing ground,
being similar to many other New Zealand catchments.

“The Te Awarua-o-Porirua Harbour and its catchment
comprises a 178 square kilometres mix of local roads and
state highways that discharge to streams of varying dilution
potential.”

Critically, it also includes the coastal waterbodies of
Pauatahanui Inlet and Onepoto Arm.
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“The sub-catchments of these two waterbodies contain
markedly different urban/rural land use (with Onepoto more
urbanised), allowing for model evaluation under widely
different catchment conditions.”

The Porirua test revealed that the model could be used
to analyse whole catchments for road contaminant
contributions.

The NIWA and MWH team worked to extract, collate and
quality check input data from a range of sources. These
included GIS and Asset Management files on the water

bodies, roads and land use of the case study area.

The model projected contaminant levels across the region’s
waterways, which were then compared with the results

of council monitoring. The research team found that the
actual contaminant levels corresponded closely to the levels
predicted by the model.

The tool produced maps showing the risk assessment of zinc
and copper in streams within reach of runoff from the road
and urban contaminant sources [see graphic below]. It also
produced risk assessment maps for discharge points to the
harbour.
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The study produced maps showing the combined risk posed to sub-
catchments in Porirua by runoff from roads and urban areas. (N/WA)
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Stormwater treatment devices include engineered ponds and wetlands that allow the contaminants to settle out. (Peter Mitchell, NZTA)

The model showed that 36 stream reaches were "highest
risk” based on consideration of road runoff alone; 103 Working on water
stream reaches were "highest risk’ based on consideration
of urban (non-road) runoff alone; and 107 stream reaches
were ‘highest risk” 