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Introduction

2021 is the 60th Anniversary of the New Zealand Hydrological Society. The 
Society was established in 1961 with 8 members and has grown over 60 years to 
about 600 members. For the 50th Anniversary Lindsay Rowe compiled The New 
Zealand Hydrological Society: the first 50 years, 1961–2011 with reports on New 
Zealand hydrology through the ages (the ‘Red Book’). For the 60th Anniversary it is 
my pleasure to present the companion to the Red Book: the ‘Orange Book’, which 
focuses on hydrological monitoring, water research and policy, and the Society’s 
activities over the last ten years. This publication has a series of sections, each of 
which had a number of authors and contributors. Thank you all for helping make 
this publication possible. 

Section theme Lead author(s) Contributing authors(s)

Hydrometeorological 
monitoring in the last 
ten years

Andrew Harper
Graham Elley

Charles Pearson

Developments in surface 
water monitoring in the 
last ten years

Charles Pearson
Mike Ede

Arman Haddadchi
Neale Hudson

Applied hydrology: key 
science and research 
developments in the last 
ten years

MS Srinivasan
Conny Tschritter
Leanne Morgan
Louise Weaver

From hydrology to 
policy development and 
implementation: trends in 
Aotearoa New Zealand’s 
freshwater management 
and governance 

Andrew Fenemor
Nicholas Kirk

Garth Harmsworth
Lara Taylor
Julian Weir
Melissa Robson-Williams

New Zealand 
Hydrological Society: 
ten years, 2011–21

Joseph Thomas

The intent was to keep the publication to 100 pages and so it, unfortunately, has 
had to gloss over some important advances in the last ten years. However, hopefully 
it picks up the main developments. All of the authors were asked to include the 
‘why’ of what we do and not just the ‘what’ and ‘how’.

The Hydrometeorological Monitoring section notes the changing nature of 
the climate station network and the nature of the instrumentation employed. 

New Zealand Hydrological Society: 60th Anniversary
© New Zealand Hydrological Society (2021)
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The Surface Water Monitoring section notes that in the last ten years the New 
Zealand Hydrological Society Technical Workshops and National Environmental 
Monitoring Standards (NEMS) have been initiated. The NEMS, which now cover a 
wide range of hydrological variables, have helped drive improved quality data. In the 
last ten years there have also been substantial changes in the technology to measure 
water flow and water quality variables. The Applied Hydrology section outlines a 
number of advances to assess impacts on surface water hydrology, developments in 
assessing groundwater quantity and quality, and improvements in the modelling of 
both surface water and groundwater. The Freshwater Management and Governance 
section notes the substantial changes to the roles of central government, local 
government and tangata whenua in the last ten years. The important roles of Māori 
values and interests have come to the fore. Finally, the Society section provides 
a summary of those members of the Society who have received awards, lists of 
Executive members, and details of symposia and other Society activities.

The last ten years demonstrate that the Society continues to actively promote its 
mission to ‘further the science of hydrology and its application to the understanding 
and management of New Zealand’s water resources’. With significant improvements 
in the science and management of water being sought the work of members is ever 
more important; thank you all.

As Editor for the Society I will take this opportunity to thank all the authors and 
reviewers for their support of the Journal of Hydrology (New Zealand). I would also 
like to acknowledge the commitment of Laura Keenan and Jo Dickson to continuing 
our proud tradition of producing a high-quality journal. Finally, I encourage all 
members of the Society to actively consider contributing to the Journal and the 
Society’s newsletter, Current.

Acknowledgements
In addition to the lead and contributing authors mentioned above I would 
like to thank the many other contributors to this publication, including Doug 
Booker, Lee Burbery, Murray Close, Simon Cox, James Griffiths, Richard 
Ibbitt, Dennis Jamieson, Abigail Lovett, Catherine Moore, Magali Moreau, 
Uwe Morgenstern, Frederika Mourot, Liping Pang, Channa Rajanayaka, Zara 
Rawlinson, Karyne Rogers, Helen Rutter, Theo Sarris, Shailesh Singh, Shaun 
Thomsen, Rogier Westerhoff, Paul White, Scott Wilson, David Wood, Jing 
Yang and Christian Zammit.

I would also like to thank those who provided images. There was not space for 
them all but some are included at the back of the publication.
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Hydrometeorological monitoring  
in the last ten years

Overview
This section presents an overview of meteorological monitoring in New Zealand 
from a ‘hydrometeorological’ perspective, the historical background, and recent 
changes and developments over the last decade or so. The spatial and temporal 
extents of hydrometeorological monitoring are presented. Uses of the meteorological 
data are described, including two useful climate tools for hydrological purposes: the 
High Intensity Rainfall Design System (HIRDS) and the Virtual Climate Station 
Network (VCSN).

Introduction 
‘Observations are key to our understanding 
of how the Earth system – the atmosphere, 
oceans, freshwater bodies, land and the 
biosphere – shapes our weather, climate 
and hydrology.’ (World Meteorological 
Organization, 2021) 

Meteorology was one of the first fields 
of international monitoring cooperation 
and standard development, with global 
practices established in the late 1800s. For 
example, from Report of The Proceedings of  
the Meteorological Conference at Leipzig, 
August 1872: 

‘What mode of exposure of Thermometers 
for the observation of Air Temperature 
is the best and most suitable for general 
adoption?’; and 

‘What is the best form, size, and mode of 
exposure of Rain-gauges? At what hour of 
the day should the fall be measured?’

Meteorological observations encompass a 
broad range of environmental observations 
collected for many purposes, including 
warning of severe weather, documenting long-
term (decadal to centennial) climate changes, 
and for use in scientific studies and resource 

management operations. Being ‘upstream’ of 
hydrology, meteorological monitoring has 
been a long-term companion of hydrological 
monitoring networks and programmes in 
New Zealand. In this section we present 
an overview of meteorological monitoring, 
its uses (particularly for hydrology) and its 
changes in the last decade or so.

Meteorological networks
New Zealand adopted and followed 
global practices as a member of the World 
Meteorological Organization (WMO) and 
its preceding organisations. 1861 marked 
the start of organised official meteorological 
observations in New Zealand. The first 
dedicated rainfall stations, known at that 
time as third-class stations, were established 
in 1879. 

A network of meteorological monitoring 
stations was established around the country by 
MetService and its predecessors. Nowadays, 
MetService runs a national monitoring 
network of around 200 automatic weather 
stations predominantly in urban and aviation 
locations, complemented by NIWA’s more 
rural National Climate Network of the same 
size. Data from both networks are stored in 
the Climate Database (CliDB).
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Changes in technology and methods of 
observation were few for around 100 years. 
However, since the 1980s, technological 
changes have been regular and driven by 
a combination of societal changes and 
a proliferation of newer techniques and 
systems, with automated systems becoming 
more common but not necessarily suitable 
for climate purposes. These changes have  
had a significant impact on the national 
networks with the number of manual 
monitoring stations declining rapidly since 
the early 1980s.

The rapid and steady reduction in the 
number of rainfall stations since the 1980s 
was due to government reforms and reduced 
willingness of volunteers to continue with 
daily observations. The current manual rain 
gauges and their locations are shown in  
Figure 1. Figure 2 shows the increase and 
decline of the manual rainfall stations since 
the 1880s, with a peak of around 1200 
manual rainfall stations in the early 1970s.

Figure 1 – Open manual rainfall stations, as recorded in the  
National Climate Database.
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Figure 2 – Number of manual rainfall stations in New Zealand as recorded 
in the National Climate Database.

The meteorological network shows a 
similar decline in manual stations from 
the 1980s onwards for the same reasons, 
but overall numbers have recovered due to 
automated systems, from a low in the 1990s 
to increased and stable numbers over the 
last 10–20 years (Figure 3). The demand for 

meteorological data by weather models has 
also been a partial reason for the increase 
in station numbers. The current extent 
of the national meteorological networks 
(MetService and NIWA) and their locations 
are shown in Figure 4.

Figure 3 – Number of climate stations in New Zealand, showing a transition from 
manual to automated, as recorded in the National Climate Database.
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Automation has many benefits, such 
as facilitating greater density networks, 
provision of ‘24/7’ data, improved reliability 
through digital techniques, ability to meet 
changing user requirements, and elimination 
of hazardous material such as mercury. 
However, automation also comes with 
significant costs and risks. The costs include 
high purchase, installation and operation 
costs, and the cost of support, maintenance 
and sensor re-calibration. Risks include 
potential discontinuities in long-term 
measurement series and inhomogeneities due 
to changing techniques and methods.

Figure 4 – Open climate stations, as recorded in the National 
Climate Database.

Recent technological advances and inno-
vations have seen a proliferation of com-
puter models and low-cost instrumentation. 
While these have a place, they need to be 
used with caution for long-term climate 
monitoring.

More recent additional stations to the 
national networks include Tier 2 and Tier 3 
stations, with fewer meteorological variables 
measured, for limited data purposes and 
needs. Compact weather stations have even 
fewer variables measured without too much 
decline in performance (e.g., rain gauge, air 
temperature, wind).
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Regional monitoring
Besides MetService and NIWA networks, 
the Ministry of Works and catchment 
boards established networks of manual and 
automated rain gauges for hydrological 
purposes, such as for representative 
catchment studies, and for catchment board 
and council operational flood forecasting 
for major regional rivers. Many of these rain 
gauges continue to operate, and council rain 
gauge networks have expanded over the last 
10–20 years. 

Scientific monitoring
There have been numerous scientific studies 
involving monitoring of the meteorological 
components of the hydrological cycle. 
Examples include the annual photographic 
survey of New Zealand’s glaciers initiated 
by Trevor Chinn in the 1970s, and evapo-
transpiration studies at numerous locations. 
A handful of sophisticated eddy covariance 
towers have been deployed in the last ten years 
for monitoring gas fluxes (including water 
vapour) in situations such as in association 
with irrigated pasture (Methven), vineyards 
(Hawke’s Bay) and peat wetlands (Waikato).

Other scientific monitoring campaigns 
include the ‘SALPEX’ (Southern Alps 
Experiment) transect of rain gauges installed 
in the 1990s for better understanding of the 
orographic effects of the Alps on rainfall. 
The transect data were supported by mobile 
rainfall radar and upper air profiles during 
storm events. The gauges are still operating 
and telemetered to NIWA.

Network instrumentation  
and methods
While observation networks have evolved 
greatly since the early days, the methods 
of observation and measurement have 
remained fairly consistent throughout most 
of the network history. For example, the 

instruments provided at each of the original 
observatories (meteorological and climate 
stations) consisted of:
• a mercury barometer
• maximum and minimum thermometer 

(both wet and dry bulb)
• cup anemometer
• rain gauge
• solar and terrestrial radiation 

thermometers.

Most of these instruments are still used 
today. Most technological advances have been 
in emerging data types and in data collection 
methods. Three examples of technological 
developments are in sunshine, wind and soil 
moisture monitoring.

Campbell Stokes sunshine recorders have 
been in use in New Zealand since 1906 and are 
still in use at some locations today. However, 
these are labour intensive. In the 1990s a 
number of electronic sunshine detectors were 
developed and, following extensive global 
comparisons, a ‘bright sun threshold’ was 
determined. However, our experience is that 
the electronic recorders record significantly 
higher sunshine than the Campbell Stokes. 
This is due to both the instrument and 
method of measuring and recording the 
data and while the measurement may be 
more accurate and precise, it does provide 
challenges in providing a homogenous 
dataset.

The measurement of wind has seen 
many changes. The common methods 
used in New Zealand have been rotation 
anemometers (such as cup and propeller-
type anemometers), pressure anemometers, 
and ultrasonic anemometers. During the late 
1930s the first recording anemometers were 
installed at the main aerodromes to provide 
accurate and continuous records of wind 
flow (Dines pressure tube anemographs). 
These were replaced by Munro instruments 
and more latterly with more modern cup 
anemometers and, in some instances, 
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ultrasonic instruments. As technology has 
changed, in particular with lower start-
up thresholds and improved quality of 
measurement, additional homogeneity 
challenges have arisen, especially at low wind 
speeds and with the reporting of ‘calm’.   

Soil moisture technology and measurement 
techniques continue to evolve. These changes 
make comparative studies difficult, but for 
many reasons the vadose zone or rootzone is 
important. For example, this zone is critical 
for vegetation water use, nutrient cycling and 
loss, slope stability and streamflow generation. 
Sensors measuring the dielectric constant and 
neutron probes are used for measuring soil 
moisture. Over the last ten years numerous 
lysimeters have been established for accurate 
measurement and time series of water 
drainage through soil to groundwater (see 
the ‘Applied hydrology’ section). At the same 
time, the Climate Network has used Aquaflex 
dielectric ribbon technology to obtain soil 
moisture times series through the soil profile 
at climate stations.

Data collection and management
MetService, NIWA and regional and district 
councils provide hydrometeorological data 
to the Climate Database (CliDB) and/or 
other databases (e.g., of regional councils, 
and the Water Resources Archive / National 
Hydrometric Database). CliDB is recognised 
as a nationally significant collection and 
database. It is funded through the Ministry 
of Business, Innovation and Employment1.

For the national and regional networks, 
data collection methods have evolved from 
manual to electronic. Observations were 
originally handwritten into registers or field 
books. Early chart recorders date back to the 
early 1900s with charts being changed either 
daily, weekly or monthly. These charts all 

needed to be scaled or digitised. The registers, 
field books and charts (‘returns’) would 
all be sent to the Meteorological Service in 
Wellington by post for checking, scaling and 
archiving. 

Data transmission methods have changed 
from the 1860s to the present and have 
included manual and postal methods, 
telegraph, telex, radio, e-mail, landline, 
cellular and satellite. 

Telecommunication developments, par-
ticularly affordable satellite systems, have 
been major enablers in the development 
of networks in previously remote and in-
accessible locations. The cellular and satellite 
methods are most commonly used today.

Weather radar
Weather radar provides another source 
of valuable hydrometeorological data for 
weather and hydrological forecasting. 
MetService operates a network of ten radars 
which give good real-time coverage of 
rainfall intensity across New Zealand. The 
moving images can be used to understand the 
spatial structure and direction of movement 
of weather systems, and for forecasters of 
weather and hydrology to make forecasts. 
Use of past radar images of storms can be 
useful for hydrologists to fill in the gaps 
between rain gauges and get a better idea of 
spatial coverage of rainstorms. As mentioned 
earlier, mobile weather radars of finer spatial 
coverage have been used in New Zealand for 
scientific purposes.

Data uses
There are a multitude of hydrological uses 
of meteorological data. For example, hydro-
logical forecast models often require inputs 
of observed and forecasted meteorological 

1  https://www.mbie.govt.nz/science-and-technology/science-and-innovation/funding-information-and-
opportunities/investment-funds/strategic-science-investment-fund/funded-infrastructure/nationally-
significant-collections-and-databases/
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data to provide real-time flood forecasts. 
There are longer-term climate uses of the 
meteorological data for prediction scenarios 
for hydrological design problems, flood 
frequency, drought and impacts of climate 
change on water resources.

Meteorological data are being used for 
irrigation scheduling, and as input for 
modelling of drainage from agricultural land 
for addressing downstream water quality 
issues.

Two commonly used climate tools 
developed and updated in the last 10–20 
years using long-term meteorological data are 
the High Intensity Rainfall Design system 
(HIRDS) and the Virtual Climate Station 
Network (VCSN).

HIRDS is used to estimate high intensity 
rainfall at ungauged locations for a range 
of return periods and event durations. The 

depth–duration–frequency (DDF) tables 
produced can be used for design storm 
assessment for the design of flood protection 
works and other waterway structures. The 
DDF tables are also applicable to flood 
modelling, including flood routing, retention 
basin design and inundation mapping 
activities, thereby helping to minimise flood 
risk within communities across the country. 
HIRDS can be accessed online at: https://
niwa.co.nz/information-services/hirds. 
Rainfall data for developing HIRDS were 
sourced from national and regional council 
rain gauge networks. Figure 5 shows 100-year 
return period storm rainfall estimates across 
the country, for 10-minute, 2-hour and 5-day 
storm durations.

The VCSN data are estimates of daily 
rainfall, potential evapotranspiration, air and 
vapour pressure, maximum and minimum 

Figure 5 – 100-year return period rainfall depths for 10-minute, 2-hour and  
5-day duration events.
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air temperature, soil temperature, relative 
humidity, solar radiation, wind speed and soil 
moisture on a regular (~5 km) grid covering 
the whole of New Zealand. The estimates 
are produced every day, based on the spatial 
interpolation of actual data observations 
made at climate stations located around the 
country. The VCSN data can be accessed 
online at: https://niwa.co.nz/climate/our-
services/virtual-climate-stations. 

Future directions
National meteorological and climate 
monitoring networks will continue operate 

at their current high standards for use in 
operational and scientific studies, and for the 
detection of climate variability and change 
trends. Technological advances are expected 
to continue in the area of meteorological data 
sensing, logging and telemetry. More use is 
expected of meteorological data and weather 
radar. There will be greater demand for finer-
scale spatial meteorological data, and the 
integration of citizen science weather data 
with higher quality data. 

The hydrological community will continue 
to be a large user of meteorological data. 
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Developments in surface water monitoring  
in the last ten years 

Overview
This section presents an overview of surface water quantity and quality monitoring 
developments in New Zealand during the New Zealand Hydrological Society’s  
sixth decade, 2012–21. The drivers for collection of surface water data included 
society’s increased awareness of water quality degradation and climate change, as 
well as water resources management and flood and drought hazard mitigation 
and adaptation. The snapshot of this decade gives a flavour of activities and 
developments in surface water quantity and quality. The challenge remains to 
continue the monitoring to assess the impacts of climate and land use change on the 
quantity, quality and health of New Zealand’s fresh waters. 

Introduction
Monitoring of lake water levels and river flows 
in New Zealand began, at a few locations, in 
the early 1900s. In the 1920s there was great 
interest in assessing hydropower potential 
and thus lake level and river flow monitoring 
expanded, and this was followed in the 1930s 
by interest in assessing flooding frequency of 
major rivers for each region of the country, 
as well as irrigation investigations. Major 
responsibilities for monitoring fell to the 
Ministry of Works and Development and 
catchment boards. UNESCO’s International 
Hydrological Decade (1965–74) for 
promotion of the science of hydrology 
brought about an increase in streamflow 
monitoring across the country for scientific 
purposes, to cover more than 50 of the 90+ 
Representative Basins (Toebes and Palmer, 
1969). Decentralisation of responsibilities 
through the Resource Management Act 
1991 resulted in surface water monitoring 
responsibilities shifting to the (then) newly 
formed regional councils. 

Other drivers of regional and national 
surface water hydrological networks are for 

flood warning and forecasting purposes, 
assessing drought, identifying climate change 
trends, supporting water quality sampling 
networks with flow measurements and 
estimates, assessing impacts of water takes 
and discharges, and studying hydrological 
processes to aid the development and 
improvement of mathematical models. The 
National Policy Statement for Freshwater 
Management (NPS-FM) (introduced in 
2011, and updated in 2014, 2017 and 2020) 
has brought many of the sustainability and 
water quality issues into focus. To address 
these issues research projects and monitoring 
programmes, particularly by regional 
councils, extending over a national scale 
have taken place. Councils have a number 
of Special Interest Groups (SIGs), including 
the Environmental Data (ED)-SIG. One of 
the ED-SIG’s purposes is to ensure data have 
adequate regional and national coverage, 
with sufficient and consistent quality, for use 
in identifying trends in water quantity and 
quality. 

Two key developments over the last 
decade affecting surface water (and other 
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environmental) data collection in New 
Zealand were the initiation of New Zealand 
Hydrology Society Technical Workshops and 
the National Environmental Monitoring 
Standards (NEMS). The Technical 
Workshops were established as a counterpoint 
to the Society’s annual symposia in spring 
with specific focus on hydrological data 
collection and technology, held annually 
in autumn (see the section ‘New Zealand 
Hydrological Society: ten years, 2011–2021’ 
for details). The NEMS Steering Group has 
overseen the development of monitoring 
and data management standards for a range 
of hydrological variables, e.g., water level, 
rainfall, flow measurements, and provide 
accompanying information on methods to 
achieve quality data to the specified standards. 

The following subsections discuss surface 
water quantity (specifically, water level and 
river flow) and quality monitoring in New 
Zealand and the key developments over the 
last decade. 

Water quantity monitoring 
network developments 
Hydrometric networks
National and regional river and lake 
hydrometric monitoring networks have 
continued over the last decade, for water 
resources management, flood and low flow 
assessments, and scientific and operational 
studies including the assessment of global 
climate change and in support of the  
NPS-FM. The purpose has continued to 
be to produce high-quality water level and 
river flow data for real-time operations and 
scientific assessment studies. Hydrometric 
technology and practices, quality assurance 
processes and NEMS have been developed 
and enhanced over the last decade, to ensure 
hydrometric data are of the highest standard.

The number of hydrometric network  
sites has increased by 2–3 fold over the last 
ten years, due to the requirements of the 

NPS-FM, with more than 2000 hydrometric 
stations now operating across New Zealand.

Hydrometric methods used over the last 
ten years included ongoing use of the widely 
used acoustic Doppler current profilers 
(ADCPs) and acoustic Doppler velocimeters 
(ADVs) for river flow measurements (flow 
gaugings). Other gauging methods used 
included radar guns for river surface velocity 
measurements and salt dilution technology 
for flow gaugings. Novel gaugings included 
use of a helicopter to carry out an ADCP flow 
gauging of the Clutha River. The largest flow 
gauging record in New Zealand occurred 
on the Buller River during flooding in July 
2021, at over 7000 m3/s. 

Key changes in hydrometric monitoring 
over the last decade include:
• Upgrading and replacement of hydro-

metric structures: some concrete and steel 
stilling wells have been replaced by smaller 
structures or bubbler tubes to monitor 
water levels. Cableways for flood gauging 
are still maintained and certified but 
there is a reduced number, and less use of 
manned cablecars. Handrails have been 
set up or replaced for safety, and heights 
training and refreshers are required for 
field hydrologists.

• Database software: Most New Zealand 
agencies have changed from the Tideda 
software used since the 1970s. Throughout 
the changes, data transfer amongst agencies 
has continued. 

• Trained field hydrologists: The corps of 
trained field hydrologists has changed 
in composition and number over the 
last decade. Members of the large group 
recruited in the 1970s for the International 
Hydrological Decade (1965–74) have 
been retiring in numbers. New recruits 
are usually tertiary educated with science 
degrees. It usually takes two years of  
on-the-job training to come up to speed, 
and with hydrometric training courses a 



13

Diploma of Hydrology qualification can 
be achieved (see the section ‘New Zealand 
Hydrological Society: ten years, 2011–
2021’ for details). With the upswing in 
hydrometric monitoring there are now 
more than 200 field hydrologists in New 
Zealand, working for regional councils, 
NIWA, and other agencies.

Science monitoring campaigns
Much of New Zealand’s, and indeed 
international, hydrological knowledge has 
come from experimental locations that 
include surface and groundwater monitoring 
set ups, such as at Maimai, Glendhu, Moutere 
and Mahurangi. The notable experimental 
studies commenced in the last decade are a 
forest hydrology research project involving 
intensive rainfall and runoff monitoring at 
four locations in Northland, the West Coast 
and Canterbury, and a wetlands monitoring 
project by researchers and councils for 
understanding water quantity and quality 
fluxes of four New Zealand wetlands. 

Hydropower monitoring
Hydropower companies continue to be major 
contributors to hydrological monitoring, 
primarily to carry their hydropower operations 
and ensure these are within consented 
allocations for safe operation of dams and 
to protect freshwater flora and fauna, and 
also to contribute to the safe management 
of flood events, provide storage information 
for the New Zealand stock exchange, and 
for use by iwi and other freshwater users and 
interest groups. The hydropower companies 
contribute to more than 100 water level and 
river flow monitoring stations operated across 
the country. 

Additional demand for electricity will drive 
exploration of new hydropower possibilities. 
Use of Lake Onslow near Roxburgh is being 
investigated as a hydropower ‘battery’. The 
Government is currently supporting studies 
into the feasibility of Lake Onslow being 
used for additional hydropower storage.

Irrigation
There have been a number of surface water 
monitoring and control initiatives developed 
in the irrigation sector in the last decade or 
so. An example is the development of flumes 
for water races, with water level measurement 
and data logging, conversion to flows via 
flume hydraulic rating curves and flow 
gaugings, and telemetry to irrigation scheme 
controllers and farmers for real-time control 
and delivery of irrigation water.

Water quality monitoring 
developments
As with water quantity, the NPS-FM 
has driven an increase in water quality 
monitoring and assessment in the last decade, 
aimed at assessing and improving stream 
ecosystem health. The basis of river water 
quality assessment in New Zealand has been 
the National River Water Quality Network, 
consisting of 77 sites (Smith and McBride, 
1990). Monthly samples are taken and nearly 
20 water quality variables are extracted and 
recorded in the Network’s database, along 
with flow data. 

At the community scale, the Stream Health 
Monitoring Assessment Kit (SHMAK) 
has remained popular with schools and 
community groups in providing a tool for 
understanding the links between water quality, 
quantity and stream health. Hundreds of 
these kits have been provided by NIWA to the 
community over the last decade.

In 2014, Land Air Water Aotearoa 
(LAWA) was established as a collaboration 
between regional councils and others as a 
platform for sharing environmental data and 
information. Currently, information on river, 
lake, recreational and groundwater quality 
is included, along with water quantity, air 
quality and land cover data.

Continuous monitoring
Over the last decade, a significant develop-
ment, driven by the NPS-FM, has been 
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the increase in continuous water quality 
monitoring. 

Multi-variable water quality data sondes 
have become more widely used, and several 
councils have incorporated continuous 
measurement of selected water quality 
variables in routine monitoring programmes 
(e.g., for dissolved oxygen; Depree et al., 
2016). Achieving the requirements of the 
NPS-FM and ensuring ecological health may 
require a change in monitoring programme 
design, or greater use of autonomous 
monitoring devices (Depree et al., 2016). 

Measurement of continuous variables has 
been used to assess ecosystem metabolism 
(using gross primary production and 
eco system respiration) and the results 
compared to those derived from spot 
measurements (Clapcott and Doehring, 
2014), and to assess impacts of land use 
intensity on stream metabolism (Clapcott  
et al., 2016). Using high frequency hyper-
spectral sensors, Burkitt et al. (2017) described 
diurnal cycles in nitrate-N concentrations in 
the Manawatu River, relating these primarily 
to nutrient processing by periphyton and 
wastewater discharges. Several councils have 
also included use of similar continuous 
nitrate-N sensors in routine monitoring 
(Burbery et al., 2021). Data derived from 
several of these sensors were recently reviewed, 
and guidance provided in terms of uses of 
these data, how continuous data complement 
more common spot sample measurement, 
and the data handling and quality assurance 
requirements (Hudson and Baddock, 
2019; Hudson et al., 2019). For example, 
more frequent estimation of nitrate-N 
concentrations may reduce the uncertainty in 
estimates of nitrate-N load calculated using 
traditional spot measurements (Hudson and 
Baddock, 2019). 

The inclusion of fine suspended sediment 
in the NPS-FM 2020 has focused attention on 
use of visual clarity and turbidity as surrogates 
for measurement of this variable. Research 

has demonstrated that care is required when 
using turbidity as a management tool (Bright 
et al., 2021). Important information derived 
from several laboratory trials (Davies-Colley 
and Hughes, 2019; Hughes et al., 2019) 
was recently reported at the 2020 New 
Zealand Hydrological Society Symposium 
(Davies-Colley et al., 2020). Although poor 
comparability between sensors from different 
manufacturers was observed, it was noted that 
turbidity could still be used provided users 
were aware of, and respected, the limitations 
in the measurement technique. Direct 
measure ment of beam transmissometry 
(beam-c, the sum of total light scattering 
plus light absorption, which may be directly 
related to visual clarity) provides a method 
for continuous or spot measurement of visual 
clarity, a metric having direct ecological 
applicability. 

The end of the decade saw publication of 
a special edition of the New Zealand Journal 
of Marine and Freshwater Research, Land-
use impacts on aquatic ecosystems: evidence and 
solutions. The special edition was a fitting 
tribute to the outstanding contributions of 
the late Dr John Quinn to ecological and 
water research, who passed away in late 2018.   

The last article in the special edition 
(Larned et al., 2020) reviewed available water 
quality and environmental data in a pressure–
state–response framework to investigate and 
relate land use pressures to state changes 
and ecological impacts in rivers, lakes and 
aquifers. There was substantial evidence of 
land use effects, particularly where land use/
cover classes were used as pressure variables. 

Pressures on water resources intensified 
during the last decade and have been 
recognised by policy makers, water managers, 
industry and communities. As the challenge 
to maintain or improve stream health and 
has been accentuated through policy and 
the NPS-FM 2020, the tools available to 
better manage resources have become more 
sophisticated. These range from measurement 
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techniques through to integrated modelling 
tools (e.g., interoperable modelling systems; 
Elliott et al., 2020) that increasingly 
seek to represent the extremely complex 
systems, dynamically and at high temporal 
frequency. It will be essential that water 
resource management practices continue 
to advance so that the combined effects of 
existing pressures and those arising from 
climate change may be addressed. 

Microbial contaminants
High-frequency assessment of faecal con-
tamination has also been explored in New 
Zealand during the decade under review. 
An enzyme-based enumeration method 
has been applied to several rural and urban 
catchments, where temporal trends related to 
rainfall events have been observed, indicating 
a strong dependency between concentration 
and flow (Stott et al., 2016, 2017). 

There have been advancements made 
in faecal source tracking for water quality 
monitoring including in agricultural settings 
(Devane et al., 2018, 2020). New techniques 
are being added to the source tracking 
toolbox, including the use of metagenomic 
approaches and additions to target indicators.

Suspended sediment 
Suspended sediments are recognised as 
significant contaminants of New Zealand 
aquatic ecosystems. Estimates of suspended 
sediment transport are useful to identify 
sediment hotspots within the catchments 
in need of mitigation measures to improve 
water quality, assess the extent of required 
load reduction to meet attribute guidelines 
(e.g., Neverman et al., 2019), and in-
form management of coastal receiving 
environments with regard to coastal erosion 
and estuarine ecosystem health. Different 
empirical models that estimate mean annual 
river suspended sediment at the national scale 
were developed (Dymond et al., 2010, 2016; 
Hicks et al., 2011; Haddadchi and Hicks, 

2016). Based on the most recent model 
(Hicks et al., 2019), the estimated national 
total suspended sediment load delivered to 
the New Zealand coast is 181.1 Mt/y.

In addition to load estimates, investigating 
the dynamics of suspended sediment delivery 
during runoff events by analysing sediment 
concentration versus flow hysteresis (Vale 
and Dymond, 2020; Haddadchi and 
Hicks, 2021), and sediment load and its 
phasing (Fuller et al., 2014; Haddadchi 
and Hicks, 2020) were found to be helpful 
to understand the impact of catchment 
characteristics on suspended sediment 
transport.

Sediment tracing is widely used around 
the world to quantify suspended sediment 
sources in catchments. In New Zealand, 
the studies were mostly focused on using 
compound-specific stable isotopes to quantify 
land use sediment sources (Swales and Gibbs, 
2020) and geochemical tracers to determine 
geological sources (Roddy et al., 2008; Vale et 
al., 2016, 2020). Very few studies, however, 
have combined tracing approaches with 
sediment load data to determine short- (i.e., 
event or sub-event) and long-term catchment 
sediment budgets. 

Data quality assurance  
and standards
New Zealand has had an extensive involve-
ment in leading quality assurance (QA) 
procedures and practices since the 1970s (see, 
for example, Hudson et al., 1999; Mosley, 
2001) and in contributing to the World 
Meteorological Organization’s (WMO) 
guide to hydrological practices (sixth edition, 
2009). QA processes are well entrenched now 
in New Zealand hydrological services. 

Linked to this has been the need for 
documentation of hydrological and environ-
mental monitoring standards. This has been 
accompanied by expert understanding of the 
hydrological processes, the uncertainties in 
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monitoring them, and how to achieve the 
standards. 

The NEMS Steering Group, led by Jeff 
Watson for most of this decade, has overseen 
the development of a number of standards 
since 2013. Those relevant to surface water 
quantity and quality are listed in Table 1.

Surface water monitoring in  
the future
With a decade more of high-quality data 
archived through to 2021, with cumulative 
thousands of years of effort put in by long-
term and now refreshed corps of field 
hydrologists, challenges remain to continue 
the monitoring in a time of global climate 
change and land use changes. Given these 
issues and the impacts on surface water 
quantity, quality and health, it is anticipated 
that the monitoring will continue to the same 
or greater extent over the next decade.

One area of future development is likely 
to be more use and availability of remotely 
sensed data (as also noted in more detail the 
next section, ‘Applied hydrology’). These, and 
traditional, data may be needed for enhanced 
physically based mathematical hydrological 

modelling. The models may be enhanced 
by and/or compared with big data analytical 
models.

Two areas of expected growth for surface 
water monitoring and data analysis, and one 
area of global context, are described below. 

Iwi monitoring
Iwi monitoring is expected to become more 
prevalent. A recent example is the water 
quality monitoring functions in Lake Taupō, 
which have been transferred by Waikato 
Regional Council to the Tuwharetoa Māori 
Trust Board. The Trust Board will carry out 
water quality monitoring functions such as 
weekly collection of water samples at summer 
bathing beach sites in Lake Taupō, monthly 
assessment of water quality at 12 tributaries 
to Lake Taupō, rainfall monitoring at a site 
on the western side of Lake Taupō, and 
6-monthly groundwater level and quality 
monitoring at more than 40 sites in the 
Taupō catchment. The increase in iwi-led 
monitoring is discussed further in the section 
‘From hydrology to policy development 
and implementation: trends in Aotearoa 
New Zealand’s freshwater management and 
governance’.

Table 1 – NEMS relevant to surface water quantity and quality monitoring

Published Standard Under development Proposed

Water level measurement (2013, 2016, 2019) Data processing Macrophytes

Rating curves (2016, 2020) Macroinvertebrates pH (continuous)

Dissolved oxygen monitoring (2016) Periphyton Riparian characteristics

Water meter data (2017) Sediment source identification

Water temperature recording (2017) Stream habitat

Turbidity recording (2017)

Discrete river water quality data (2019)

Discrete lake water quality data (2019)

Hydrological and meteorological structures (2016)

Open channel flow measurement (2013, 2015)

Safe acquisition of field data in and around  
fresh water (2013)

Suspended sediment measurement (2020)
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Three Waters
We anticipate enhanced surface water 
monitoring with increased focus on New 
Zealand’s Three Waters Reform Programme – 
water supply, storm water and wastewater (see 
‘From hydrology to policy development and 
implementation’). Havelock North’s water 
supply Campylobacter contamination in 2016 
contributed to this focus. It is expected that 
the focus will be on drinking water standards 
and monitoring, and water quality sampling; 
ensuring water treatment is efficient, effective 
and compliant with resource consents and 
drinking water standards; monitoring of 
water supply and treatment and taking 
corrective actions to ensure delivery of 
high quality drinking water; and compliant 
wastewater and stormwater services.

International context
In the ongoing and developing global science 
and operational context for surface water 
monitoring, New Zealand can continue 
to provide assistance and receive the 
benefits from international agencies such as 
UNESCO and WMO. A recently established 
United Nations Future Water and Climate 
Coalition initiative of WMO and nine other 
United Nations organisations aims to devise 
fit-for-purpose data policies and improve 
monitoring systems, operational capacity, 
management and information flow, and 
capacity to mitigate future water stress. This 
includes strengthening national capacities 
such as improved monitoring systems and 
operational capacities, more efficient data 
management, and integration of hydrological 
and meteorological services. 
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Applied hydrology: key science and research developments 
in the last ten years

Overview
This section presents an overview of scientific and technological advancements 
in New Zealand surface and groundwater sciences over the past decade. The 
purpose of this section is to present a glimpse of key science outputs and outcomes,  
and interested readers are encouraged to pursue the references listed at the back of 
this publication. 

The last decade saw significant leaps in scientific modelling and the use of state-
of-the-art technologies that enable fine-resolution monitoring over a large space 
within a short timescale. These leaps are associated with New Zealand researchers 
collaborating closely with scientists from several overseas universities and research 
institutes, which has resulted in bi-directional flow of data, information and 
knowledge. These collaborations have enriched New Zealand’s hydrological sciences.

Surface water hydrology
Assessing impacts of climate change  
on hydrology
In collaboration with Ministry for Primary 
Industries, Deep South National Science 
Challenge and Ministry for the Environment, 
NIWA conducted the first comprehensive 
assessment of the potential impact of climate 
change on New Zealand’s hydrological 
cycle up to 2100 and its potential impacts 
on agriculture (e.g., Figure 6) (Collins  
et al., 2018, 2019; Wreford et al., 2020), 
hydropower generation capacity (Zammit, 
2019) and flood hazards (Collins, 2020). The 
information generated (available for 43,000 
reaches and associated catchments in New 
Zealand) is now used as part of the Deep 
South’s Impact and Implication Phase 2 
programme of work – to develop adaptation 
strategies to climate change.

Flood and drought analysis
The decade was punctuated by a series of 
droughts and floods. A listing of significant 
flood events can be accessed at http://

floodlist.com/tag/new-zealand. Ex-tropical 
cyclones and low pressure systems left their 
marks with flooding damage caused by heavy 
rainfall and rivers breaking out of their banks 
and stopbanks. Notable events included:
• Christchurch urban flooding in March 

2014
• Rangitaiki River flooding of Edgecumbe 

in April 2017
• Flooding in Nelson, Tasman and northern 

West Coast resulting from ex-tropical 
Cyclone Gita in February 2018 

• Waiho River flooding and washout of the 
State Highway 6 bridge near Franz Josef in 
March 2019 

• Northland flooding in July 2020
• Mid-Canterbury flooding in May 2021, 

and Nelson / West Coast (especially 
Westport) flooding in July 2021. 

Other regions were relatively benign, such as 
the catchments draining the Southern Alps. 
The background climate settings were near 
average with several La Niña and El Niño 
episodes, none of which were extreme.   
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Henderson and Collins (2016) undertook 
a flood frequency analysis, updating the 
methods and data used in the 1989 study by 
McKerchar and Pearson (1989). Henderson 
and Collins (2016) concluded that a high 
degree of uncertainty associated with flood 
estimation still remains unresolved. These 
findings were echoed in another study by 
Griffiths et al. (2020).

An overseas study using New Zealand flood 
data provided an insight into large floods. 
According to Reid et al. (2021), atmospheric 
rivers (ARs), the narrow and elongated band 
of enhanced horizontal water vapour stores, 
are associated with significant flooding events 
in New Zealand. They showed that during 9 
out of the 10 most damaging floods between 
2007 and 2017 significant AR events were 

observed, which led to their conclusion that 
New Zealand is located in a region of high 
AR frequency.

Droughts have been significantly impacting 
primary sector as well as urban water supplies. 
In an effort to streamline drought indices 
Mol et al. (2017) developed the New Zealand 
Drought Index, based on four climatological 
indicators: the Standardised Precipitation 
Index, the Soil Moisture Deficit, the Soil 
Moisture Deficit Anomaly and the Potential 
Evapotranspiration Deficit. This new 
index includes five categories, from dry to 
severe drought conditions, and has been 
widely adopted by the Ministry for Primary 
Industries and other government agencies 
to monitor drought conditions across the 
country. S. Singh et al. (2017) studied the 

Figure 6 – Predicted changes (compared to simulated current conditions) in average 
irrigation season river flow, irrigation season reliability of supply and irrigation water 
demand under RCP8.5 by end of century (Collins et al., 2019).
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severity–duration–frequency of droughts in 
six climatic regions of New Zealand using a 
non-parametric method and concluded that 
the North Island locations experienced more 
dry spells than the South Island locations.

Hydrological modelling and  
flow forecasting
Freshwater management generally has two 
aims: to achieve sustainable use of water 
as a resource and to minimise uncertainty 
associated with management actions such 
as consenting water takes and limit setting. 
To achieve these aims, hydrological models 
are needed because resources are limited to 
monitor effects of management actions. Such 
hydrological models need to predict the 
impacts of water and land use, environmental 
variability, and management actions on water 
availability and water quality and ecosystem 
response.

To address this need, NIWA is leading 
the development of the New Zealand 
Water Modelling framework (NZWaM) in 
partnership with GNS Science, Manaaki 
Whenua – Landcare Research, Environment 
Southland, Horizons Regional Council and 
Gisborne District Council. NZWaM is built 
using a modular approach that links a wide 
range of environmental data with sub-models 
representing different hydrological, ecological 
and water quality processes. These sub-
models can be added as they are developed. 
The physical domain of processes represented 
within NZWaM extends from the top of 
the atmosphere to rivers, lakes, aquifers and 
estuaries.

Long-term streamflow forecasts are 
essential for optimal management of water 
resources for various demands, including 
irrigation, fisheries management and hydro-
power production. New Zealand currently 
does not have a centralised, comprehensive, 
state-of-the-art system in place for providing 
operational seasonal to interannual stream-
flow forecasts to guide water resources 

man agement decisions. As a pilot study, in 
2016 NIWA implemented and evaluated 
an experimental ensemble streamflow 
fore casting system based on the familiar 
probabilistic forecast framework, Ensemble 
Streamflow Prediction (ESP) technique. It 
has been implemented for seasonal (3-month) 
flow forecasting for 50 catchments across the 
country (Singh, 2016). 

Over the past ten years national-scale 
hydrological and hydraulic modelling has 
been carried out by a research team working 
within NIWA’s Environmental Flows pro-
gramme. Machine learning approaches and 
national datasets of river flows have been used 
to make and test predictions of flow regime 
classification (Snelder and Booker, 2012), 
flow duration curves (Booker and Snelder, 
2012), flow variability (Booker, 2013) and 
mean annual low flow (Booker and Woods, 
2014) at ungauged sites across Aotearoa New 
Zealand. Methods for testing flow time-series 
models at the national scale (McMillan et al., 
2016) and assessing uncertainty in mapped 
predictions (Booker and Whitehead, 2018) 
have also been produced. National-scale 
analysis of river hydraulic geometry has been 
carried out, resulting in methods to predict 
width, average velocity and average depth 
across the national river network (Figure 7; 
Booker, 2010; Morel, Booker et al., 2019; 
Morel, Tamisier et al., 2019; Morel et al., 
2020). Research has also been conducted 
into methods for setting environmental 
flows (Snelder et al., 2011; Booker et al., 
2014; Booker et al., 2016) and methods 
for quantifying potential anthropogenic 
influences on river flow regimes through 
analysis of national water consent data 
(Booker, 2018). Many of the national-scale 
datasets mentioned here can be downloaded 
and inspected using an interactive web-app 
(https://shiny.niwa.co.nz/nzrivermaps/; 
Whitehead and Booker, 2018). 
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Characterising stable water isotopes in 
New Zealand rivers
Time series of stable water isotopes in 
rivers can be used to quantify groundwater 
contributions to streamflow and timescales 
of catchment storage. In a recent study, 
river water samples were taken from 58 
sites on NIWA’s New Zealand River Water 
Quality Network over a wide range of 
locations, elevations, catchment sizes and 
geomorphological environments to be 
representative of the spatial states and trends 
of all New Zealand’s rivers, spanning 35 
of New Zealand’s major river systems and 
49 rivers in total. The spatial and temporal 
distribution of water isotopes was then 
analysed. Key findings were: 
(1)  stable isotope values in river waters are 

lower at higher latitudes, and in eastern 
rain shadow areas; 

(2)  local catchment characteristics that 
control evaporation strongly impact river 
water isotope values; and 

(3)  river water isotope values peak later 
in summer at South Island sites than 
North Island sites, indicating regional 
differences in catchment storage (Yang  
et al., 2020).

National mapping using satellite 
data: developments in hydrology and 
hydrogeology in the last ten years
Technology and use of satellite data in 
hydrological sciences has significantly 
advanced over the last ten years. We now 
monitor with superior resolution, i.e., days 
instead of months and 10–50 m instead 
of 500–1000 m. This trend is expected to 
continue as satellites become smaller, cheaper 
and more numerous (McCabe et al., 2017). 
Satellite data used in national mapping 
has resulted in the first nationwide maps 
of groundwater (Westerhoff, White and 
Miguez-Macho, 2018; Westerhoff, White 
and Rawlinson, 2018), increasing national 
LiDAR coverage and leading to continuous 

Figure 7 – Hydrological and hydraulic predictions mapped onto the national river network.
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improvements in the national digital river 
network and associated River Environment 
Classification (Snelder and Biggs, 2002), 
flood estimation maps, and rainfall depth 
surfaces (Carey-Smith et al., 2018).

Global open-access research has given us 
the ability to access satellite datasets that can 
be used as input components to national-
scale hydro(geo)logical modelling, e.g., 
surface water extents (Pekel et al., 2016), 
precipitation (Hou et al., 2014), surface–
groundwater interaction (Singh et al., 2019; 
Yang et al., 2017), evapotranspiration (Mu 
et al., 2011; Zhang et al., 2019; Westerhoff, 
2015), land cover dynamics (Dymond et al., 
2017), soil moisture (Hajdu et al., 2018), 
surface water level (Tourian et al., 2016), 
surface water temperature (Lovett, Reeves 
et al., 2015), lake and reservoirs (Nguyen 
et al., 2019), and glaciers (Baumann et al., 
2017). Although national databases often 
contain better data than these global satellite 
data sources, sometimes access to global-
scale datasets is easier and more affordable 
than access to national-scale data. This 
poses a risk of slowing down New Zealand 
scientific developments. We therefore want 
to highlight the importance of open data 
provision in New Zealand. Land Information 
New Zealand’s Geospatial Strategy (Baker et 
al., 2019) will assist in achieving this aim. 

Satellite data work best in combination 
with other, in-situ, data. That is mainly 
because measurements from space contain 
noise from a variety of factors. Hence, satellite 
data are often best used to assess spatial 
and temporal patterns, as an interpolator 
and to detect change (which is particularly 
relevant for soil moisture, evapotranspiration, 
recharge, and flood level detection). 

A barrier to use of satellite data has been 
that the data are too ‘big’: it takes a long 
time to download and process. However, 
technology developments in the last ten 
years have led to the ability to process large 
amounts of data ‘in the Cloud’. An excellent 

cloud-processing service is the Google Earth 
Engine, with recent projects put in place 
to ‘educate and raise awareness’ of these 
tools to scientists in every domain, from 
universities to CRIs to regional councils to 
central government. Similar open resources 
include Pangeo software ecosystem, Pytroll, 
RStoolbox, and Sinergise Hub.

Morphology of braided rivers 
Braided rivers are iconic features of New 
Zealand’s landscape, transferring high 
sediment supply from upper land areas 
of catchments to the lowland plains and 
coastal areas. Morphological changes to New 
Zealand braided rivers due to anthropogenic 
stresses and extreme flood events were studied 
using physics-based modelling (Reinfelds 
and Nanson, 1993; Williams et al., 2016; 
U. Singh et al., 2017; Stecca et al., 2019) 
and image analysis approaches (Javernick  
et al., 2014; Williams et al., 2014). However, 
despite the importance of braided rivers in 
the transfer and deposition of sediments, 
few studies have addressed fine sediment 
transport mechanisms in braided rivers, 
especially the role of braid plains in deposition 
of sediments transported from hillslopes and 
their re-entrainment during following events.

Groundwater hydrology and 
hydrogeology
Measuring land surface recharge in  
New Zealand using lysimeters 
There are currently more than 25 in-situ  
lysimeter monitoring sites installed through-
out New Zealand (Lovett, Gordon et al., 
2015; Lovett and Srinivasan, 2018). Each 
site consists of three non-weighing soil 
monolith lysimeters, with a steel casing 
measuring 0.5 m in diameter and 0.7–1 m 
in depth. Lysimeters are usually installed 
following an informal, but standard, protocol 
agreed upon by installers (e.g., Lovett and 
Cameron, 2013). These sites have generally 
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been installed on dryland or irrigated pasture 
and were funded by regional councils and/or 
research organisations. Field measurements 
include ground level and/or standard 
rainfall, and drainage (groundwater recharge) 
measured using tipping bucket gauges. A 
reference climate station is usually located 
nearby, and many sites have soil moisture 
probes installed. 

The primary aim of the long-term lysimeter 
sites is for measurement of drainage to better 
understand land surface recharge. Currently, 
lysimeter sites serve as the only method 
to directly measure land surface recharge 
and provide a useful reference to modelling 
methods. Other research and applications 
include water budgeting, groundwater 
allocation, groundwater modelling, upscaling 
of data, vadose zone and soil moisture 
modelling, data dissemination, engagement 
with land managers, and measurement of 
water quality (White, Moreau-Fournier et al., 
2014; White, Tschritter et al., 2014; White et 
al., 2017). These methods often required the 
upscaling of land surface recharge from site 
to catchment using soil water balance models 
(such as IrriCalc; Bright, 2009).

Groundwater modelling for  
decision support
The tools used to develop, calibrate 
(a.k.a. history match) and quantify the 
uncertainty of groundwater models have 
become vastly more efficient over the past 
ten years. This has resulted in important 
improvements in the affordability and 
effectiveness of modelling and model-based 
data assimilation in some large and localised 
New Zealand modelling programmes. Some 
of these large-scale modelling programmes 
focused on the setting of land and water 
allocation limits in, for example, Canterbury 
(Hemmings, Moore, Knowling and Toews, 

2018; Hemmings, Moore and Knowling, 
2018; Weir, 2007, 2018), Hawke’s Bay 
(Knowling et al., 2018; Rakowski and White, 
2018a, 2018b; Rakowski and Knowling, 
2018), Hauraki Plains (White, 2018a, 2019), 
the Ruamāhanga valley of the Wairarapa 
(Hemmings et al., 2019a, 2019b) and the 
Motueka Plains (Weir and Thomas, 2018). 
Decision support models can now be 
developed more cheaply, more accurately, 
and in more places than previously possible. 
Uncertainty quantification of model outputs 
is now standard practice, rather than a 
‘nice to have’. Model-based optimisation 
under uncertainty is robust and advanced 
tools for implementing these analyses have 
become freely available in software such 
as PEST2 and PEST++3. These modelling 
advances have been particularly important 
for the assessment of risk associated with 
groundwater management decisions, for 
example, when setting land and water 
allocation limits, or for impact assessment of 
new developments.  

Metrics have been developed to define 
‘good’ and ‘bad’ models in different decision 
support modelling contexts (Doherty and 
Simmons, 2013). Modelling frameworks have 
been developed to support modelling design 
decisions for different data, hydrogeologic and 
modelling problem contexts (Doherty and 
Moore, 2020). Essential to this framework 
are the following considerations: models 
of appropriate complexity, assimilation of 
predictive-salient data and expert knowledge 
rather than all data, identification of 
predictive-salient properties and processes 
of the ‘real world’, and model design that 
accommodates all of these considerations 
and the nature of the science advice required 
by decision makers. Collectively, these tools, 
metrics and framework developments have 
underpinned what can be considered a new 

2 https://pesthomepage.org/
3 https://www.usgs.gov/software/pest-parameter-estimation-code-optimized-large-environmental-models
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philosophy of groundwater modelling for 
decision support. This philosophy underpins 
the recently formed Groundwater Modelling 
for Decision Support Initiative (GMDSI), 
led by Flinders University in Australia with 
John Doherty (author of PEST), which has 
begun a range of educational and research 
projects4 with international collaborators 
including research and consulting companies 
(DHI, Interra, SS Papadopolous, the United 
States Geological Survey, GNS Science and 
others). 

New Zealand groundwater modelling 
science has contributed significantly to these 
international modelling advances. Some of 
these contributions are:
• More efficient methods of history matching 

and uncertainty quantification have been 
developed. Many of these new modelling 
methods have been incorporated in the 
PEST and PEST++ software tools. One of 
the most significant of these is the Iterative 
Ensemble Smoother (White, 2018b), 
which vastly reduces the time required 
for history matching and uncertainty 
quantification. This has been incorporated 
into the PEST++ software suite.

• Model design framework and exploring 
the appropriateness of data assimilation 
(model calibration or history matching). 
The GNS-led and MBIE-funded ‘Smart 
Models for Aquifer Management’ research 
programme5 developed a modelling 
framework to support modelling design 
decisions for different data, hydrogeologic 
and modelling problem contexts (Doherty 
and Moore, 2020). Under this framework, 
a number of decision support models 
were tested to provide insights into the 
pros and cons of a range of modelling 

options currently used in the New Zealand 
limit-setting context. In addition, the 
performance of some novel modelling 
approaches were tested within the same 
framework. One study highlighted 
the need for model design to include 
targeted complexity to ensure prediction-
pertinent information in tritium data was 
not squandered, and to avoid parameter 
and predictive bias (Knowling, White, 
Moore et al., 2020). Other studies 
explored the impact that progressively 
coarse parameterisation or vertical layer 
discretisation have on groundwater model 
predictions (Knowling, White, McDonald 
et al., 2020; White et al., 2019). Another 
study explored the significant model 
design and workflow advantages of an 
early-in-project uncertainty quantification 
(Hemmings et al., 2020).

• While groundwater model graphical user 
interfaces (GUIs), such as GMS and 
Groundwater Vistas, are still in widespread 
use, a significant number of coding-
savvy groundwater modellers have moved 
to more flexible model development 
approaches using direct coding or scripting 
(White et al., 2020). These coding- and 
scripting-based methods overcome the 
hardwired data and data-format limits of 
GUIs, so that information from new and 
novel data sources can be better assimilated 
in models. Much of this coding effort is 
collective using the flopy6 and pyEMU7 
coding repositories.

• Rapid model build methods have been 
developed to allow and support more 
rapid, cost-effective, model-based decision 
support. The software that implements 
these methods is primarily platform 

4 https://gmdsi.org/
5  https://www.gns.cri.nz/Home/Our-Science/Environment-and-Climate/Groundwater/Research-Programmes/Smart-

Models-for-Aquifer-Management-SAM
6 https://www.usgs.gov/software/flopy-python-package-creating-running-and-post-processing-modflow-based-models
7 https://github.com/pypest/pyemu
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independent and either contribute to 
existing open-source libraries or exist as 
stand-alone, open-source tools. These 
tools are designed for specialist numerical 
modellers to support model construction, 
rapid and reproducible uncertainty 
quantification and data assimilation, and 
include:

•• Rapid surface water network builder 
for MODFLOW8.

•• Contributions to United States 
Geological Survey Python-based 
M O D F LOW / M T 3 D  m o d e l 
construction and interaction libraries 
FloPy.

•• Tools supporting rapid and 
reproducible model deployment 
for PEST- (and PEST++) based 
data assimilation (calibration) and 
uncertainty quantification (e.g., 
pyEMU9) (White et al., 2021). 
Recent notable contributions have 
included a generalised, model-
independent methodology for 
constructing a PEST interface10. 

•• Methodologies for Stochastic 
Impulse Response Emulation Under 
Uncertainty (SIRE, EUU) and 
Optimisation Under Uncertainty 
(OUU) have been developed; for 
example, the rapid exploration of 
land-use change scenario impacts 
on key ecological or societal 
constraints (e.g., stream nitrate con-
centration) and to facilitate land-
use optimisation (e.g., to maximise 
yield while honouring ecological or 
societal constraints). Critically, these 
applications of decision support 
modelling incorporate model 
uncertainty quantification and 
accommodate the uncertainty (risk) 

tolerance of managers. The methods 
have been applied in the Hauraki 
Plains, Waikato (Figure 8), and in an 
illustrative synthetic catchment.

Looking ahead, a significant effort is now 
being invested in how best to undertake 
model data assimilation in a range of 
contexts, making better use of information 
that is encompassed in indigenous knowledge 
sources, geophysics and groundwater 
chemistry. These efforts will include the 
combination of data-driven and physically 
based model tools, as well as extensions to 
the current rapid model build tools described 
above. These improvements are likely to be 
needed when facing the looming challenges 
of water management under accelerating 
climate change pressures.

Bringing airborne TEM to New Zealand
In 2013, as part of the MBIE-funded SMART 
Aquifer Characterisation Programme 
(2011–17), a review of geophysical 
methods identified that the time-domain 
electromagnetic (TEM) method held great 
potential for characterising aquifers within 
New Zealand due to its depth penetration 
and resolution characteristics, sensitivity to 
aquifer-relevant properties, and ability to be 
collected by airborne equipment (Rawlinson, 
2013). The Danish SkyTEM equipment was 
identified as having particular promise as it 
was specifically designed for groundwater 
applications. While widespread use was 
occurring internationally, there was no 
uptake within New Zealand. We suggest 
that this was due to the lack of familiarity 
with the method, as the value-added benefit 
to groundwater management had been 
repeatedly demonstrated over ~10 years of 
use internationally. Accordingly, education 
and socialisation of the method within  

8  https://github.com/mwtoews/surface-water-network
9  https://github.com/pypest/pyemu_pestpp_workflow
10 https://mybinder.org/v2/gh/pypest/pyemu_pestpp_workflow.git/feat_binder
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Figure 8 – Example of SIRE Emulation Under Uncertainty tool showing the emulated 
nitrate concentration change in groundwater (top middle) and surface water (top right) 
in response to a land-use change nitrate-loading scenario. Map plots can show response at 
the decision maker’s desired level of confidence. This example shows response at 50% risk, 
indicating a 50% probability that the displayed concentration change will be exceeded. 
By clicking on the maps, the user can interrogate the spatial response and response 
uncertainty (as shown in the bottom probability density functions). Source: White (2020)
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New Zealand was undertaken by GNS 
Science. During this time, international use 
of the method continued to proliferate. 

The first small-scale SkyTEM surveys in 
New Zealand were undertaken in Waikato 
in 2019 (Lincoln Agritech-led, MBIE-
funded Critical Pathways Programme) (see 
below) and the first regional-scale surveys 
(~8000 line km) were undertaken in Hawke’s 
Bay in 2020 (Hawke’s Bay 3D Aquifer 
Mapping project). The large scale of the 
Hawke’s Bay 3D Aquifer Mapping project 
was made possible through the support of 
the Government’s Provincial Growth Fund, 
Hawke’s Bay Regional Council, and GNS 
Science MBIE SSIF funding. As expected, 
preliminary results demonstrate correlation 
to expected hydrogeological features, 
mapping these in three dimensions with high 
spatial detail down to depths of 250–500 m 
(Figure 9).

Developments in geophysical techniques
The application of hydro-geophysical tech-
niques in New Zealand has increased in 
recent years. This has been helped by the 
availability of static methods, such as ground 
penetrating radar, and improved electrical 
resistivity tomography (ERT) acquisition 
units, as well as new mobile electromagnetic 
methods that enable rapid data capture 
over large areas. As mentioned above, the 
first SkyTEM surveys in New Zealand 
were flown in two Waikato catchments, the 
Piako and Waiotapu, in February 2019. 
The resulting resistivity data was ground-
truthed with HQTM core and found to be 
extremely accurate for detecting vertical 
changes in ignimbrite and volcanoclastic 
sediment lithology. The ground-based tTEM 
method was also applied at select locations 
in the same Waikato catchments using a 
unit borrowed from Aarhus University. The 

Figure 9 – SkyTEM data coverage for the Hawke’s Bay 3D Aquifer Mapping project: 
preliminary resistivity values at various depths. Source: Rawlinson et al. (2020)
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results substantiated the SkyTEM data and 
provided more detail due to the tTEM’s 
finer discretisation. tTEM surveys were 
also undertaken in several east coast alluvial 
gravel sediments. Because the tTEM unit has 
a lower moment than SkyTEM, the results 
were highly noisy due to insufficient signal 
provided by the highly resistive gravels, and 
the method was abandoned in favour of the 
DualEM421 in this environment. 

Several novel techniques have been trialled 
in New Zealand as a component of a research 
programme focused on understanding 
how braided rivers work in the subsurface. 
A directional drill rig was used to install 
two sub-horizontal drillholes beneath the 
Selwyn River near Hororata. The drillholes 
were temporarily cased with high-density 
polyethylene tubing, which was withdrawn 
after the installation of fibre-optic and ERT 
cables, leaving the cables embedded within 
the gravel substrate. The fibre-optic cables 
have enabled both passive and dynamic 
monitoring of subsurface temperature 
beneath the river and show promise as a 
method for calculating subsurface leakage 
flux and its temporal and spatial variability. 
The subsurface ERT cable has enabled a time 
lapse of subsurface resistivity to be carried 
out from a fixed position to understand how 
the extent of subsurface saturation associated 
with the river changes over the course of  
the year. 

There have been several advances in drilling 
and sampling techniques, which are being 
adopted for research purposes. Sonic drilling 
is being increasingly used for improved 
lithological logging and sediment recovery 
in alluvial gravel deposits. The drilling units 
are also more mobile than traditional well-
drilling rigs and are either track- or tractor-
mounted, enabling them to access terrain 
that has previously been challenging with 
a truck-mounted rig. Core samples from 
beneath the Selwyn River have recently been 
used to determine the variability of radon 

equilibrium concentration within greywacke 
gravels and its relationship to grain size 
distribution. In the Waikato region, there has 
been a focus on depth-specific groundwater 
sampling in order to understand vertical 
changes in chemistry and drivers of redox 
conditions, including the influence of vadose 
zone processes on shallow groundwater 
chemistry (Stenger et al., 2018; Clague et 
al., 2019). Depth-specific sampling has been 
achieved either by installing multi-level well 
clusters (Stenger et al., 2018) or long-screen 
piezometers that are sampled at discrete 
intervals using inflatable packers (Clague et 
al., 2019). Careful piezometer installation 
has been facilitated by the use of a small skid-
mounted hydraulic rig and an installation 
technique that avoids the creation of an 
annular gap around the pipe. 

3D geological modelling for 
hydrogeological applications
Computer-based 3D modelling techniques 
for representing geology and groundwater 
hydraulic properties were applied in the 
late 1990s in the Waimea Plains, Nelson, 
and are now commonplace in groundwater 
research. This was driven largely by 
increased awareness, data availability and 
improvements in 3D geological modelling 
software (e.g., Leapfrog Geo/Geothermal by 
Seequent, Earthvision by Dynamic Graphics 
Inc.) and groundwater flow modelling 
software capability and functionality over the 
last ten years. Groundwater-focused models 
have been built for many parts of the country 
(White and Close, 2016), particularly where 
groundwater provides a critical contribution 
to water supply, for example, in Christchurch, 
Rangitaiki Plains, Wairau Plains, Wellington 
and the Taupo Volcanic Zone. These models 
typically represent Quaternary sedimentary 
basins classified in terms of hydrogeological 
units; that is, geological layers that are 
grouped by hydraulic properties. They are 
a key ‘technology’ in the characterisation of 
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groundwater systems, having been used to 
assess groundwater–surface water interaction, 
groundwater budgets,  groundwater 
allocation, and the protection and restoration 
of lake environments, and to design drilling 
programmes. Depending on the application, 
stratigraphic layer models and/or property 
voxel models have been developed at sub-
regional to catchment scales. Currently, 
national models are being designed 
incorporating a variable-scale model-property 
database (GNS Science – 3D datastore, in 
development). 

Assessing potential impacts of sea level 
rise on shallow groundwater
Shallow groundwater presents a largely 
unseen, and poorly understood, hazard. 
The effects of sea level rise on groundwater 
will extend much further inland than the 
extent of surface inundation and needs to 
be considered when assessing climate change 
impacts. In many New Zealand low-lying 
urban coastal areas there are strong hydraulic 
links with the ocean, and it is expected 
that the hazard from shallow groundwater 
will increase as sea level rise contributes 
to existing shallow groundwater levels. In 
addition, increasing frequency, duration and 
magnitude of extreme rainfall events will 
raise the shallow groundwater hazard. 

There are many potential issues associated 
with shallow groundwater:
• Contribution to surface runoff, river 

flooding and coastal storm inundation, 
due to less infiltration capacity;

• Groundwater ‘daylighting’; 
• Contribution to liquefaction potential; 
• Instability in, and/or damage to, building 

foundations and roads;
• Infiltration into stormwater and waste-

water systems, potentially causing damage 
to the point of system collapse; and

• Dampness and mould issues. 
Coastal shallow groundwater systems are 
highly dynamic, and highly complex, 

with groundwater levels fluctuating inter-
annually, seasonally, and over much shorter 
time periods due to rainfall, river stage or 
tidal cycles. The effects of rising sea levels on 
groundwater are likely to extend considerable 
distances inland, much further than actual 
coastal inundation. The natural processes are 
further complicated by urban infrastructure. 
First-order approximations (e.g., Beca, 
2014; Parliamentary Commissioner for the 
Environment, 2015), based on groundwater 
levels equilibrating with sea level, are useful 
for general desktop assessments but are 
simplistic and do not reflect the principles  
of hydrogeology and the dynamics of 
subsurface flow, nor the effects of infra-
structure (Figure 10).

To fully quantify the risk and exposure 
of assets to the hazard, there needs to be 
improved understanding of inundation 
magnitude, frequency and duration. With 
large infrastructure redesign/renewal 
imminent under the Three Waters Reform 
programme, research will be needed to 
inform and optimise investment decisions 
New Zealand-wide. Investment in 
groundwater monitoring and science, to 
characterise drivers of the natural fluctuations 
and groundwater behaviour in coastal areas, 
is a first step. 

Some recent examples of such work 
include numerical modelling of the impacts 
of sea level rise on shallow groundwater under 
Christchurch (Rutter, 2020), monitoring and 
modelling of shallow groundwater under 
South Dunedin (Cox et al., 2020), and high-
level assessment of the impacts of sea level rise 
and climate change on assets in the Selwyn 
District (Brown et al., 2016). Ongoing 
research at the University of Canterbury 
is underway to investigate the impacts 
of sea level rise on shallow groundwater, 
including the potential for increased salinity 
and impacts on council infrastructure (e.g., 
Simpson et al., 2019). 
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Figure 10 – Sea level rise and urban controls on shallow groundwater.  
Source: Cox et al. (2020)

Earthquake hydrology
Large earthquakes cause changes to pressure 
and flow of groundwater aquifers (Wang 
and Manga, 2010). Groundwater response 
to earthquakes is now a well-documented 
phenomenon, observed for thousands of 
years, but is of renewed interest due to 
implications for water supplies and hazards. 
Although exact causal mechanisms are 
yet to be perfectly understood, it appears 
permeability is best considered a dynamic 
variable that can change with stress and strain 
(Ingebritson and Manga, 2019; Manga et al., 
2012). 

The high density of groundwater and 
seismic monitoring networks in New Zealand, 
combined with regular earthquake activity, 
have enabled significant contributions 
to international science during the past 
decade. Albeit dominated by observations in 
permeable young aquifers, events of the 2009 
Fiordland, 2010–11 Canterbury, 2013 Cook 
Strait and 2016 Kaikoura earthquakes have 
been particularly well documented (Cox et al., 
2012, 2015; Gulley et al., 2013; Weaver, Cox 

et al., 2019), shown to produce hydrologic 
responses throughout New Zealand and 

lasting locally for many years or more (Cox 
et al., 2015; Rutter et al., 2016). Earthquakes 
are inferred to have compromised the ability 
of aquitards to confine groundwater beneath 
Christchurch (Cox et al., 2012; Weaver, 
Doan et al., 2019; Rutter, 2010; Dudley 
Ward, 2015), which promoted the ejection of 
liquefied sediment that exacerbated ground 
damage (Cox et al., 2021). Other impactful 
New Zealand studies have constructed large 
‘multiple-earthquake at multiple-site’ datasets 
of earthquake responses; these datasets enable 
causative variables to be controlled and 
examined (O’Brien et al., 2016; Weaver, Doan 
et al., 2019), including the first international 
attempt to derive probabilistic models given 
varied levels of shaking (Weaver et al., 2020). 
Studies of ‘Earthquake Hydrology’ in New 
Zealand and their international contributions 
are enabled through collaborations and 
support of regional councils and the GeoNet 
facility.
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UAVs to improve hydrogeological 
knowledge
The use of unmanned aerial vehicles (UAVs) 
for hydrogeological applications is not as 
widespread as for hydrology, mainly because 
of the nature of groundwater, hosted in 
underground geological formations and 
limiting the applicability of some of the 
surface techniques. Yet, an increasing number 
of New Zealand-based UAV investigations 
have been developed over the last few years. 
These investigations include the use of UAVs 
for collecting a variety of imagery (with 
different camera types) and for sampling 
groundwater/geothermal-fed springs/
wetlands. The collection of high-resolution 
imagery and the development of UAV-derived 
digital terrain models (photogrammetry 
technique) to characterise the topography can 
inform the mapping and understanding of 
groundwater-fed spring complexes/wetlands 

(e.g., Awahou Stream and associated spring 
complex, Rotorua; P. White et al., 2020). The 
use of UAV-mounted thermal cameras can 
identify groundwater/geothermal and surface 
water interactions, by detecting groundwater/
geothermal discharges in surface water bodies 
(e.g., Otumuheke Stream, Taupo). UAV-
derived multispectral imagery also allows 
us to assess vegetation state, which can 
inform groundwater recharge models (e.g., 
Figure 11; Mourot et al., 2019). Another 
application consists of utilising UAVs to 
sample groundwater/geothermal-fed springs/
wetlands that are difficult or hazardous to 
access (e.g., Brakenrig et al., 2020). The UAV 
technology is evolving very rapidly, and both 
the UAV platforms and mounted sensors 
are becoming more diverse and performant, 
offering growing opportunities to observe 
Earth processes, including groundwater-
related characteristics and dynamics. 

Figure 11 – UAV collecting multispectral imagery (Altus LRX UAV with Micasense Rededge 
3 camera and ground control unit) and example of inferred relative evapotranspiration to 
inform groundwater recharge estimates, Te Puke (Bay of Plenty region).  
Source: Mourot et al. (2019)
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Groundwater quality
The National Groundwater Monitoring 
Programme
New Zealand’s National Groundwater 
Monitoring Programme turned 22! The 
programme was developed in the 1990s 
and attained national coverage in 1998. It is 
operated by GNS Science in collaboration 
with all New Zealand regional authorities. 
In addition to continuing to build a strong, 
nationally consistent groundwater quality 
dataset, we ensured it remained relevant and 
future-looking over the last ten years through 
the following activities: 
• Promoting good practice: contributing to 

the National Environmental Monitoring 
Standard for discrete groundwater quality 
data (2017), developing an adaptive 
sampling frequency review method 
(Moreau-Fournier and Daughney, 2012) 
and demonstrating the value of reviewing 
the programme to ensure effectiveness and 
relevance (Moreau, 2018); 

• Defining ‘baseline’ concentrations and 
trends (Figure 12) for groundwater quality 

to support environmental reporting and 
recognise the diversity of our groundwaters 
(Morgenstern and Daughney, 2012; 
Moreau et al., 2019; Moreau and 
Daughney, 2021);  

• Running pilot surveys looking at future 
monitoring needs, in particular of 
groundwater microbial communities 
(Sirisena et al., 2013, 2018) and emerging 
organic contaminants (Moreau et al., 
2019), which can be put in perspective 
through long-term records; and

• Building on the pioneering inclusion 
of age tracer determination at all sites, 
which through repeated sampling enabled 
investigation of the effect of extreme 
climate on groundwater quality (Moreau 
et al., 2016). 

Challenges ahead include embedding these 
learnings to inform sustainable management 
and continuing to build strong, consistent 
long-term records in alignment with regional 
networks.  

Figure 12 – Natural trend baseline sets for nitrate-nitrogen (NO3-N) concentrations (right) 
developed for hydrogeological systems with corresponding system map (left). On the trend 
baseline set, the black lines outline the national baseline set. Basement Hard Rock systems 
are omitted on the left-hand side because they are unlikely to hold significant groundwater 
resources, although some exceptions occur.
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Assessing changes in nitrogen 
contamination in groundwater using 
water ageing
In the light of growing intensification of 
nitrogen-producing land uses, prevention of 
water contamination by nitrogen is a major 
concern in many areas of New Zealand. 
NIWA and Aqualinc studied the Upper 
Waikato catchment in this regard to assist 
with the management of water quality there 
(Rajanayaka et al., 2020). An integrated 
surface–groundwater flow and contaminant 
transport model, along with a forward particle 
tracking technique, was used to estimate 
mean residence time (MRT) of water and 
its distribution (Figure 13) to assess changes 
in nitrogen contamination in groundwater. 

A relationship between SiO2 concentrations 
and MRT measured using tritium assisted 
in the verification of the model. Nitrogen 
concentrations are increasing in the Upper 
Waikato catchment but the long-term total 
load is difficult to estimate owing largely to a 
lack of information about historical land use 
and the degree of attenuation of nitrogen. 

Quantifying actual denitrification in 
groundwater systems
Nitrate is the most pervasive groundwater 
contaminant in New Zealand. More than 
40% of New Zealand groundwaters contain 
above-natural concentrations of nitrate. 
Denitrification is the best natural process for 
nitrate remediation. During denitrification, 

Figure 13 – An example of age distribution of water: the Waiotapu Stream at Campbell Road 
Bridge water quality site (a) for water generated from whole subcatchment (all waters);  
(b) water coming from farmed lands. Source: Rajanayaka et al. (2020)
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nitrates are converted to nitrogen gas through 
a series of oxygen reduction processes. GNS 
have developed a method to measure and 
quantify excess nitrogen gas in groundwater 
which occurs when denitrification takes place 
in groundwater systems (Martindale et al., 
2019). For the first time in New Zealand, 
the denitrification ability of groundwater can 
now be quantified from the amount of end 
product (excess N2) relative to the natural 
levels of nitrogen, neon and argon found 
in air using noble gas analysis. Combined 
with water age tracers, this can be used to 
determine the rate of denitrification, and 
denitrification zones can be mapped.

The effect of aquifer heterogeneity on 
engineered nitrate mitigation technologies 
has been investigated in field-scale systems 
(Burbery et al., 2020). Methodologies for the 
design and optimisation of engineered systems 
for nitrate mitigation have been completed 
(Sarris and Burbery, 2018). Some practical 
applications of this research have included 
the development of a probabilistic framework 
for the assessment of environmental effects 
(Sarris et al., 2020).

Groundwater redox modelling using 
machine learning
The need to predict groundwater redox status 
has been driven by the need to account for 
subsurface denitrification in catchment nitrate 
mass balances. The modelling approaches 
used have been statistical in nature, where 
a response variable (observed redox status) 
has been compared with a set of spatially 
variable physical and hydrological predictor 
variables. Initial models were applied at a 
regional scale and used Linear Discriminant 
Analysis to relate the response variable to the 
spatial characteristics at each sample location 
(Close et al., 2016; Wilson et al., 2018). A 
comparison of different statistical methods 
was subsequently made at the regional scale 
to determine the best model to be used for 
further modelling (Friedel et al., 2020). The 

unsupervised Modified Self-Organising Map 
approach performed the best, returning high 
accuracy and kappa performance statistics. 
By contrast, the supervised statistical learning 
approaches (Linear Discriminant Analysis, 
Boosted Regression Trees, and Random 
Forest) were found to be heavily influenced 
by sample selection bias towards oxic 
conditions in the observation dataset (most 
samples are taken from productive, oxic 
lithologies). Subsequently, further modelling 
was undertaken to predict groundwater redox 
conditions at the national scale (Wilson et 
al., 2020) as a component of the National 
Science Challenge – Our Land & Water. 
In this case, sample selection bias inherent 
in the response variable data was balanced 
using synthetic minority oversampling. This 
enabled a more computationally efficient 
Random Forest model to be applied to the 
larger national-scale dataset.

Advances in water dating over the  
last decade
Tritium is the ideal age tracer for ground-
water: it is part of the water molecule and 
behaves conservatively. However, due to the 
tritium spike injected into the hydrologic 
cycle during atmospheric thermonuclear 
bomb testing 60 years ago, groundwater 
tritium concentrations were not able to yield 
clear ages for decades. The elevated bomb-
tritium concentrations have now declined, 
and tritium has become a very robust and 
straightforward age tracer in New Zealand. 
Because of large uptake of the method in 
the entire southern hemisphere, GNS has 
doubled the capacity of its tritium lab.

Man-made gases, such as chloro-
fluorocarbons and sulphur hexafluoride, 
with rising concentrations in the atmosphere, 
are complementary age tracers. However, 
chlorofluorocarbons were globally phased 
out because of their destructive effects on 
the ozone layer, and this means they are not 
effective anymore for groundwater dating. 
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As an alternative, GNS developed a new 
technique using Halon-1301. This multi-
tracer approach, using all age tracers together, 
enables the identification of complex 
groundwater age distributions, as required 
under the Drinking Water Standard.

Water tracking using synthetic  
DNA tracers
For tracking water contamination sources 
and pathways, ESR developed a suite of 20 
different artificial DNA tracers, each with a 
unique identifier. The new DNA tracers are 
either ‘free’ DNA molecules or encapsulated 
within microparticles made of naturally 
occurring biocompatible and biodegradable 
biopolymers. The free DNA tracers can 
diffuse into the porous media of soils and 
aquifers, while the microencapsulated tracers 
are protected from environmental stressors 
that are often encountered in surface water 
and effluent.

In collaboration with Environment 
Canterbury and Waikato Regional Council, 
ESR validated these tracers in surface 
water, groundwater and soil systems (Pang 
et al., 2020). The tracers were detectable 
and identifiable in the field conditions 
investigated and could be tracked in a surface 
stream for a distance of at least 1 km. The 
DNA tracers can be detected at extremely low 
concentrations, and the quantities required 
are 1–100 million times less than salt or dye 
tracers.

Pesticide and emerging organic 
contaminant monitoring in groundwater
Recent publications have investigated the 
trend of pesticide leaching across seven sites 
throughout New Zealand. Surveys have 
been conducted at four-yearly intervals 
at the sites for a range of pesticides, and 
recently the surveys have been expanded 
to include Glyphosate and Emerging 
Organic Contaminants (EOCs) (Close and 
Humphries, 2016, 2019). 

Pathogen transport in groundwater
Over the past ten years ESR’s groundwater 
modelling team’s research focused on the 
transport of pathogens and nutrients in 
heterogeneous aquifers. We have advanced 
our understanding of the utility of tracer 
tests for the characterisation of highly 
heterogeneous systems (Sarris et al., 2018), 
and the role of heterogeneity scale in the 
simulation of pathogen and contaminant 
transport (Moore and Scott, 2015). We 
have provided important insights on the 
appropriate implementation of aquifer 
denitrification processes in numerical models 
and how this parameterisation may affect 
land use management options (Sarris, Scott 
et al., 2019) and addressed the effect of redox 
condition uncertainty and scaling with regard 
to naturally occurring denitrification (Sarris, 
Close and Moore, 2019).

Guidelines for separation distances based 
on virus transport between on-site domestic 
wastewater systems and wells were published 
to assist regional councils and installers across 
New Zealand (Moore et al., 2010). These 
guidelines are currently being updated to 
provide more salient guidelines in light of 
new research in this area.

Groundwater ecosystem assessment
Progress has been made over the past 
ten years to improve our knowledge of 
groundwater ecosystems and their role 
in maintaining groundwater quality. The 
increase in next-generation sequencing 
technologies has enabled us to understand 
these vital ecosystems more (i.e., their 
diversity and function). A sampling guide-
line was prepared for taxa assessment of 
groundwater ecosystems (Weaver et al., 
2018; recently updated: Weaver et al., 2021). 
Research is beginning to gain momentum 
and we have initial indication of the drivers 
for biodiversity shifts (Sirisena et al., 2018). 
Novel techniques are now being employed 
to further our knowledge of the functional 
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pathways in groundwater systems (Wigley et 
al., in press).

Future directions of surface 
water and groundwater sciences 
in New Zealand
While it is true that New Zealand is a water-
rich country, the temporal distribution and 
availability of water resources vary widely 
across the country. Following a phase when 
all easily accessible water was allocated 
irrespective of economic considerations, 
the country has now entered a phase when 
water use has to align with the social, 
environmental, economic and cultural values 
of communities. This has meant that various 
sections of communities need to work 
together to co-define their values and assign 
resources in a way that enhances responsible 
use. New Zealand science, in particular 
hydrology and water management, has been 
undergoing a paradigm shift, where resources 
are not merely allocated and used on their 
availability but based on the value that they 
add to the society.

The role of iwi water management 
partnerships has grown significantly over 
the years, as discussed in the next section. 
Through various iwi settlements, large tracts 
of land have become available for production. 
However, as the majority of country’s water 
resources have been already allocated, these 
new lands could not be developed without 
any significant changes in our current water 
allocation and use practices. Increasingly, 
the conversations among iwi and partners 
are centered around the economic value 
of water within environmental, social and 
cultural contexts. We are likely to see these 
conversations becoming more pronounced 
over the coming decade, leading to the 
development of dynamic water allocation 
strategies and diverse landscapes that serve 
the multiple values. Factors such as climate 
change and implementation of Te Mana o te 
Wai will dominate these conversations.
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From hydrology to policy development and implementation: 
trends in Aotearoa New Zealand’s freshwater management 

and governance 

Overview
This section reviews changes to water management and governance in the past ten 
years. We open with a summary of Aotearoa New Zealand’s historical legislative 
context in regard to rivers, catchments and freshwater resources. We describe the 
roles of local government, Māori and central government. We detail the growing 
recognition of tangata whenua values in water management alongside belated 
development of national policy direction on water quality and allocation. Drawing 
on the description of modelling advances, we summarise how models are being 
used in contemporary water management. Finally, we review the implementation 
of freshwater policy and the integration of science and water policy. In concluding, 
we argue that integration and implementation challenges must be addressed as 
hydrologists look beyond 2021 towards future significant legislative changes 
affecting water and catchment management nationwide. 

New Zealand Hydrological Society: 60th Anniversary
© New Zealand Hydrological Society (2021)

Context 
The New Zealand Hydrological Society 
recognised the growing importance of water 
policy and its implementation in the 1980s 
when it changed its mission statement from 
a focus on technical hydrology to include 
water management. This move mirrored an 
evolution from hydrology to inform water 
engineering (e.g., flood frequency for flood 
schemes; water availability for water supply 
and hydropower dams) and to provide science 
knowledge (e.g., unpicking the catchment 
water balance), towards hydrological science 
for water allocation, freshwater ecosystem 
health, and for achieving stakeholder and 
iwi values. Simultaneously, there was a 
transition from early efforts at non-statutory 
whole catchment planning by catchment 
and regional water boards, funded through 
National Water and Soil Conservation 
Authority grants and local rates, towards 
statutory planning for water allocation and 

water quality management, funded solely by 
regional council rates.

At the legislative level, the engineering 
focus of the Soil Conservation and Rivers 
Control Act 1941 evolved into the water 
allocation system first set up under the  
Water and Soil Conservation Act 1967 
(WSCA) with a 1983 amendment intro-
ducing water quality classification and 
a new consenting regime for discharges 
(Roche, 1994). One explanation for these 
legislative changes is that exploitation 
of surface waters occurred until supply 
reliability and environmental issues were 
identified. This over-exploitation was then 
repeated with groundwaters after which 
water augmentation and efficiency-of-use 
initiatives became the focus to meet growing 
demand. More sophisticated management 
tools were needed to respond to these 
pressures, including greater coordination 
between land and water users to achieve 



40

catchment-scale outcomes, such as adequate 
water quality and residual flows. 

Catchment and regional water boards 
were subsumed in 1989 into what are now 
17 regional councils and unitary authorities. 
Shortly thereafter, the Resource Management 
Act 1991 (RMA) created an overarching 
environmental planning structure which was 
to be implemented by these new regional and 
unitary councils (Peart, 2007). The RMA 
persisted with the consenting, planning, 
water conservation order, and water quality 
classification systems of the WSCA. One 
important difference was that under the 
RMA regional plans now had statutory 
backing. The RMA also required state of the 
environment monitoring and, more recently, 
government has set national standards 
for freshwater bodies through regulations 
such as the National Policy Statement 
for Freshwater Management (NPS-FM). 
Freshwater allocation and water quality 
management are now primary functions of 
regional government with the Ministry for 
the Environment increasingly coordinating 
across regions. 

The RMA facilitated a much-needed 
holistic view of the environment, but 
despite improvements in the management of 
point-source discharges, regional plans and 
government regulations have been relatively 
ineffective in stemming declines in water 
quality of lowland streams and shallow 
groundwaters as agriculture intensified and 
urban sprawl increased (Howard-Williams et 
al., 2010). In 2020 a resource management 
review panel released a report proposing the 
RMA is replaced with three new legislations: 
a Natural and Built Environments Act, a 
Strategic Planning Act, and a Managed 
Retreat and Climate Change Adaptation Act 
(Randerson et al., 2020). 

The proposed Natural and Built Environ-
ments Act would focus on the achievement 

of positive outcomes rather than the narrow 
approach adopted by the RMA of managing 
the adverse effects of activities on the 
environment. Randerson et al. (2020) also 
suggested consolidating existing plans written 
by regional councils, territorial authorities 
and unitary councils into fewer, but inevitably 
larger and more standardised, spatial plans. 
The intent of the Strategic Planning Act 
would be to link central government planning 
with planning required and delivered by 
local government. The Managed Retreat and 
Climate Change Adaptation Act would help 
local governments manage retreat from areas 
vulnerable to climate change. 

Public concern over declining water 
quality and housing affordability have driven 
the proposed changes. However, there are two 
immediate risks with these legislative changes. 
First, there could be a loss of momentum 
in developing and implementing urgently 
needed catchment and water management 
plans, especially for improving water quality. 
Second, an excessively regulatory solution, 
combined with the loss of RMA case law, 
could undermine the voluntary and holistic 
community and individual initiatives for 
improving catchment management, as 
exemplified by Māori freshwater initiatives, 
catchment collectives, and collaborative 
processes (Fenemor et al., 2011; Harmsworth 
et al., 2016; McDowell et al., 2020). Increased 
focus on water management at the catchment 
scale across New Zealand’s major catchment 
areas, as exemplified by the Integrated 
Catchment Management (ICM) research 
programme in the Motueka catchment11, is 
needed, in our view (Fenemor et al., 2011). 
A review of new legislative changes and their 
outcomes for water on the occasion of the 
Society’s 75th anniversary in 2036 could  
be salutary. 

11 https://icm.landcareresearch.co.nz/ 
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Changing roles of councils, 
tangata whenua and central 
government
After the introduction of the RMA, each 
region of Aotearoa New Zealand began 
drafting a Regional Policy Statement (RPS). 
Contrary to some political expectations for 
hard-hitting prioritisation of environmental 
issues, most RPSs were written as lists of 
vague and unwieldy objectives. The earliest 
examples of statutory regional water plans 
were also developed at this time, for example, 
the water allocation plans developed in the 
Tasman District and for some Canterbury 
river catchments. 

These early regional water plans prioritised 
water allocation but little effort was made to 
manage water quality, despite early signals 
of growing public concern about the effect 
of agriculture on water quality in some 
parts of the country (Cullen et al., 2006). 
There were both political and legal barriers 
to water quality management. Politically, 
local governments were reluctant to regulate 
land use practices that contributed to water 
quality declines. Legally, a lack of clarity 
about what activities require permits for the 
discharge of pollutants, and which do not, 
was a barrier to taking action. Compounding 
these challenges was a lack of national policy 
guidance for the first twenty years of the 
RMA (Kirk et al., 2020).

Criticism of central government’s hands-
off approach to water management prompted 
a series of national action programmes in 
the 2010s. These programmes refocused 
water policy towards degraded water bodies 
(West et al., 2019), setting limits for water 
allocation and water quality for individual 
bodies (Parliamentary Commissioner for the 
Environment, 2018) as well as encouraging 
collaborative mechanisms to develop regional 
and sub-regional plans (Cradock-Henry  
et al., 2017). Counteracting these trends was 
central government funding of irrigation 

infrastructure through the Irrigation 
Acceleration Fund. Thus, throughout the 
2010s central and local government struggled 
to resolve the tension between economic 
development and environmental protection 
embedded in Aotearoa New Zealand’s 
resource management (Kirk et al., 2017). 
This struggle has led to renewed public 
interest in water policy over the last decade.

The reforms of the 2010s introduced a 
National Policy Statement for Freshwater 
Management (NPS-FM) which included 
a range of bottom-line water quality and 
aquatic ecological attributes within the 
so-called National Objectives Framework 
(NOF). The Essential Freshwater package 
introduced further attributes and a new 
National Environmental Standard that 
aims to limit land use intensification to 
protect remaining natural wetlands from 
damaging land use practices such as winter 
grazing. Elements of Aotearoa New Zealand’s 
primary production sector have questioned 
the reforms and whether they are practically 
implementable (DairyNZ, 2019). Also, 
debate continues over certain elements of 
the reform package, such as the dissolved 
inorganic nitrogen limit for all freshwater 
bodies, with some freshwater scientists 
arguing the current limit of 2.4 mg/L will  
not protect freshwater ecosystems and drink-
ing water quality from further degradation 
(Mitchell, 2020) and others arguing against 
setting a limit for a single attribute when 
combinations of attributes (e.g., N and P) 
contribute to degradation. 

The NPS-FM 2020 requires all regional 
councils and unitary authorities to set limits 
in plans for all Freshwater Management Units 
(FMUs), effectively covering all catchments 
in Aotearoa New Zealand, by 2024. The 
new NPS-FM, in coordination with the new 
National Environmental Standard, also helps 
legitimise Farm Environment Plans as new 
tools to achieve freshwater policy outcomes 
and compliance (Stokes et al., 2021). Also, 
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decisions on regional plans and water consent 
hearings will now be fast-tracked with 
newly appointed Freshwater Commissioners 
contributing expertise to hearing panels. 

Local government performance was 
criticised during the 2010s due to visible 
and measurable declines in water quality 
across the country. Concerns were also raised 
about how iwi values were incorporated 
into freshwater planning and policy, the 
slow response of councils to land use 
intensification, a continued reluctance by 
councils to adopt land use controls, as well as 
a perception that policy processes have been 
captured by lawyers resulting in delayed and 
expensive hearings processes. This occurred 
in a context where councils completed and 
delivered first generation regional plans, 
with some regions (such as Canterbury and 
Tasman) publishing second generation plans. 

These difficulties led some researchers to 
consider alternative governance arrangements 
that could deliver better freshwater outcomes 
for New Zealanders. Research on Nordic 
successes with collaborative environmental 
management prompted the fifth National 
government to devise the collaborative 
Land and Water Forum (LAWF) (Salmon 
and Zilliacus, 2007). LAWF issued four 
reports between 2009 and 2018 offering 
recommendations to central government 
(Land and Water Forum, 2010, 2012a, 
2012b, 2015). The collaboration addressed 
issues such as governance, limit setting, and 
how to maximise economic benefits while 
managing within limits. 

The LAWF was hailed as a success that 
illustrated the benefits of collaborating on 
land and water issues (Eppel, 2013). The 
perceived success of LAWF, and Canterbury’s 
and other sub-regional experiments 
with collaboration, led to a proliferation 
of different collaborative governance 
experiments across Aotearoa New Zealand in 
the 2010s (Sinner and Harmsworth, 2015; 

Sinner et al., 2016; Duncan and Robson-
Williams, 2018; Tadaki et al., 2020; Turner 
et al., 2020; Kirk et al., 2021). Ultimately, 
the RMA was amended in 2017 to provide 
councils with a process for establishing 
collaborative limit-setting processes. Despite 
the formalisation of collaboration through 
this RMA amendment, this process was not 
formally adopted by any council, perhaps 
because the prescriptive process outlined in 
the legislation was less flexible than more 
informal collaborations. 

Towards the end of the 2010s the LAWF 
collaboration began to erode. In particular, 
environmental groups criticised central 
government for selectively implementing 
some of LAWF’s recommendations while 
ignoring others (Gorman, 2015). These 
criticisms led several environmental groups 
to leave LAWF before the collaboration’s 
work was complete. The cross-sectoral 
collaboration achieved under LAWF, as well 
as catchment-scaled collaborations, have 
fallen out of favour with a new Labour 
government that seeks legislative change 
to achieve improvements to freshwater 
management. 

Central government had more influence 
over freshwater management in the 2010s 
than they exerted during the first two decades 
of RMA implementation. One high-profile 
example of central government influence 
was the decision made in 2010 to dismiss 14 
elected Canterbury regional councillors and to 
replace them with appointed commissioners 
on the grounds that political divisions were 
slowing resource consent application and 
policy processes within the Council (Smith, 
2010). For some, the move to replace elected 
councillors with appointed commissioners 
was an affront to local democracy, designed 
by the government to encourage further 
irrigation infrastructure development in 
the region (Brower, 2010). In practice, the 
political changes enabled the Canterbury 
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Regional Council to implement the first 
generation Natural Resources Regional 
Plan and to complete a second generation 
Land and Water Plan using the fast-tracking 
processes enabled by the Environment 
Canterbury (Temporary Commissioners and 
Improved Water Management) Act 2010. 
As a result, the Council set stringent water 
quality limits ahead of the requirements set 
by the NPS-FM. 

Another significant development during 
the 2010s was the amalgamation of Auckland 
Regional Council and seven territorial 
authorities in the Auckland region to form 
Auckland Council, New Zealand’s fifth 
unitary council. Unitary councils enable 
closer linkages between water management 
(a regional council responsibility) and water 
infrastructure and land use (territorial 
authority responsibilities) when their manage-
ment area comprises complete catchments, 
rather than parts of catchments. There are 
many potential benefits of having these two 
functions within the same authority; however, 
recent research indicates that unitary councils 
struggle to implement freshwater policy. 
One explanation is that unitary councils, 
in particular smaller councils, prioritise 
capital expenditure on infrastructure over 
operational expenditure that may be required 
to develop and implement freshwater policy 
(Kirk et al., 2020).

The 2020s will potentially herald further 
changes to freshwater governance in Aotearoa 
New Zealand through the Three Waters 
Reform Programme. Launched in July 2020, 
the reform programme aims to improve 
local government regulation and supply of 
drinking water, wastewater and stormwater. 
A proposed solution is the centralisation of 
these services into four regional entities, 
which would represent the biggest change for 
local government since the amalgamations 
that occurred in the late 1980s. 

As the roles of local and central government 
in water planning and management have 

evolved over the last decade, so has the role of 
tangata whenua in these processes. The next 
section explores Māori role in, and influence 
over, freshwater management, which has 
become more visible in the last decade. 

Indigenous values in water 
management

Ko te wai te ora ngā mea katoa
Water is the life giver of all things

Indigenous Māori values regarding fresh water 
have been there since time immemorial. Wai 
(water) is central to life. Wai is the element 
that binds the physical and spiritual realms 
together. Ngā kōrero tuku iho (stories 
passed down) from ancestors predate the 
time of Ranginui (Rangi) and Papatūānuku 
(Papa), our Sky Father and Earth Mother 
(respectively), and the creation of te ao 
mārama: the world of light, forests and land, 
and water in which we exist today. In te ao 
mārama, in our daily lives, wai symbolises 
the lifeblood of Papa and the tears of Rangi. 
We have inherited life itself through our 
mothers’ waters, beginning from Papa, as 
being the springs of our genesis. When Māori 
identify and introduce themselves through 
their pepeha (personal introduction) they 
first recite their tribal connection to their 
waters (tupuna awa) and other significant 
natural entities that they connect to through 
whakapapa (genealogical connections). 
Personal names come last. This hierarchy 
acknowledges and reflects the significance 
of wai and collective identity over and above 
any individual. 

A values-based hierarchy when managing 
freshwater is integral to Māori way of life. 
This way of life recognises the importance 
of whakapapa and gives priority to environ-
mental tupuna (ancestors), reflecting the 
old and multi-cultural adage ‘respecting our 
elders’, and taonga (treasures). This hierarchy 
recognises the interconnections between the 
environment and humans and that human 



44

wellbeing depends on the wellbeing of wai. 
This is critical for strategic planning and 
decision making by Māori in relation to 
freshwater governance and management. 
Appropriate design and implementation 
of a values-based approach to freshwater 
management is necessary if Aotearoa 
New Zealand wants to truly restore and 
uphold the mana and mauri of water, and 
of indigenous Māori as per the country’s 
founding constitutional agreement, Te Tiriti 
o Waitangi (the Treaty of Waitangi) (1840).

Over the past decade, acknowledgement 
of Māori values and efforts to take the 
values into account when managing water 
has increased, as demonstrated by growing 
recognition and provisions in plans, policy 
and legislation. From 2010 onwards there has 
been heightened awareness of, and sensitivity 
to, including tangata whenua perspectives 
and knowledge in freshwater management 
in Aotearoa New Zealand. In the following 
section, we list four key drivers that have 
resulted in greater inclusion of tangata 
whenua knowledge and perspectives.

Drivers of tangata whenua integral to 
freshwater management
The first key driver is the growing recognition 
of Te Tiriti o Waitangi / the Treaty of 
Waitangi 1840 – the consitutional agreement 
of Aotearoa New Zealand – and the lack of 
progress in giving effect to the rights and 
interests of Māori in policy and legislation 
as per Te Tiriti. Predating this agreement, 
chiefs had collectivley developed and signed 
He Whakaputunga – the Māori Declaration 
of Independence – to ensure their mana and 
rangatiratanga was maintained in the face of 
colonisation. The Treaty reinforced Māori 
sovereignty and rights to self-determiantion, 
and provided the essential foundation for 

forming meaningful relationships and 
partnerships between government and the 
local district tribes (iwi/hapū) but its lack of 
implementation has had devastating effects 
on Māori culture and its ability to practice 
water governance and management based 
on Māori values, principles, and Māori 
tikanga and mātauranga (practices and 
knowledge). The extent to which Māori 
values are considered and given effect to in 
water management today remains inequitable 
when compared to that of western values and 
approaches to water management. 

A raft of Treaty of Waitangi negotiations 
and settlements between the Crown and 
Māori have elevated the voice of Māori, 
particularly regionally and locally through 
specific acts of legislation. The settlements 
endorse Māori tribal visions for knowing 
and caring for Papatūānuku and reasserting a 
founding place for tikanga Māori (Māori law) 
to guide regional natural resource governance 
and management (Ruru, 2018). Examples 
of settlement legislation include Waikato 
River12 (2010), Waipā River13 (2012) and 
Whanganui River14 (2017). There are also 
many recent examples of Māori challenging 
the Crown in court to reassert interests 
and rights (e.g., Mighty River Power, Ngāi 
Tahu, Ngāti Kahungungu). Improved 
Māori participation/partnership and co-
management is fundamental within Treaty 
of Waitangi claims and settlements. The  
Wai 258 Waitangi Tribunal claim gives 
statutory recognition to the Whanganui 
River as having the rights of a person, a legal 
entity (Esterling and Collins, 2019).  

The second key driver has been rapid 
change in environmental laws and policy 
in the past ten years and the inclusion of, 
within environmental legislation, the Treaty 
principles and the implementation of Treaty 

12 Ngati Tuwharetoa, Raukawa, and Te Arawa Iwi Waikato River Act 2010
13 Nga Wai o Maniapoto (Waipa River) Act 2012
14 Te Awa Tupua (Whanganui River Claims Settlement) Act 2017
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settlements. Although still operating under 
the RMA, which gives recognition to the 
Treaty (section 8), kaitiakitanga (section 7) 
and provision to recognise and include iwi and 
hapū management plans, this Act reinforces 
tangata whenua participation and takes 
into account Māori values. New national 
legislation includes the Environmental 
Reporting Act 2016, which requires the 
Ministry for the Environment and Statistics 
New Zealand to regularly report on the state 
of the environment using a pressure–state–
impact framework model (Ministry for the 
Environment and Statistics New Zealand, 
2015). New resource management legislation, 
described above, is an opportunity to 
strengthen Māori involvement in freshwater 
management and governance and recognise 
Māori rights, interests and values. Treaty 
settlements that recognise tikanga Māori 
in resource management should be at the 
forefront of any significant foreseeable review 
and reform of the principal national statute 
concerning natural resources, including 
water (Ruru, 2018). Under the current RMA 
there are a number of examples of iwi/hapū/
pan-iwi involvement in water management 
to enhance cultural values (e.g., Ngāi Tahu 
involvement in Canterbury cultural flow 
allocation for enhancement of mahinga 
kai; Te Tau Ihu iwi involvement in water 
conservation and reservation in Tasman; 
Ngāti Rangiwewehi involvement setting 
kaitiaki flows) (Tipa and Nelson, 2017), 
although the extent of involvement varies 
considerably across Aotearoa New Zealand 
(Taylor et al., 2020). 

There has been increasing recognition 
in national policy, such as the NPS-FM, 
of Māori rights, interests and values. This 
ranges from participation and inclusion of 
Māori groups (e.g., tangata whenua, iwi/
hapū, manawhenua, Māori governance 
entities such as Nga Tangata Tiaki o 
Whanganui) within policy especially at the 
local and regional level accompanied by 

some resourcing. The NPS-FM was first 
enacted in 2011 and has gone through several 
iterations and amendments. The 2017 and 
2020 amendments refer to the Treaty as the 
foundation for freshwater management, and 
now place Te Mana o te Wai at the forefront 
of freshwater management when determining 
management objectives. Objective D1 directs 
councils ‘to provide for the involvement of 
iwi and hapū, and to ensure that tangata 
whenua values and interests are identified and 
reflected in the management of freshwater’. 
Mahinga kai and its role in protecting mauri 
is now a compulsory value under the NPS-
FM 2020.

Thirdly, increased Māori participation 
and collaboration has also greatly influenced 
freshwater management. A range of 
collaborative and participatory models 
are now in existence; for example, the 
Manawatu River accord, council models of 
Māori representation (e.g., in some cases 
including wards and seats at the council 
table, such as at Bay of Plenty Regional 
Council, Auckland Council, Taupō District 
Council, Rotorua District Council), and 
water management zone groups with mana 
whenua representation (e.g., Canterbury) all 
indicate a more formalised partnership role 
in collaborative planning processes.

A fourth driver is increased usage 
and recognition of cultural monitoring 
approaches. Māori-led methods have been 
developed over the last twenty years and have 
advanced and built Māori capacity in many 
regions and tribal areas, particularly in the 
past ten years. Cultural monitoring is being 
used, not only in response to requirements 
of national policy and legislation such as 
the RMA, NPS-FM and the Environmental 
Reporting Act, but also by local Māori to 
achieve their own freshwater aspirations. 
In the latter case, active Māori-led work 
programmes are being used to sustain and 
enhance freshwater resources and cultural 
health, such as mahinga kai (Awatere et al., 
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2017), wetland restoration (Taura et al., 
2017), riparian planting, and the protection/
maintenance of taonga species (Williams et 
al., 2017). Monitoring is most often used to 
assess and measure progress towards specific 
iwi/hapū goals and desired outcomes. The 
development of cultural indicators (Tipa and 
Teirney, 2006) has helped achieve this.  

All the examples above show how Māori 
concepts, terms, values and knowledge (e.g., 
Te Mana o te Wai, mauri, mahinga kai, 
tikanga, whakapapa, mātauranga Māori, 
kaitiakitanga) give a unique voice and 
perspective influencing water management 
in Aotearoa New Zealand. The special 
in digenous rights, interests and values 
that emanate from the rights guaranteed 
under the Treaty of Waitangi and various 
settlement acts are now a central part of 
modern freshwater management. They all 
acknowledge representations of indigeneity at 
many levels, locally through to national.

Appreciation of cultural values has 
expanded from a rather limited perception 
that the main issue is waahi tapu (sacred 
places) to a mainstream appreciation of 
tikanga, mātauranga Māori, and of values such 
as mahinga kai and attributes such as cultural 
health. There is an increased understanding 
that Māori have rights and interests in 
freshwater management and decision making 
at all levels, and it is therefore necessary to 
engage iwi, hapū, and Māori at all stages of 
freshwater management and across all spheres 
of influence (Mutu, 2016). The three spheres 
of influence that Māori need to be actively 
engaged, empowered and enabled include the 
kawanatanga sphere, where the Crown makes 
decisions for its people; the rangatiratanga 
sphere, where Māori make decisions for 
Māori; and the relational sphere, where 
Māori and the Crown work together under 
the Treaty principle of partnership to address 
issues that affect both Māori and the Crown 
(Mutu, 2016). Values-based institutional 
reform is required simultaneously, to uphold 

the worldviews, principles and values of both 
Treaty partners and enable both cultures to 
live equitably side by side. In the following 
section, we list examples of integrating Māori 
values into freshwater management over the 
last decade.  

Examples of integrating Maori values  
in freshwater management over the past 
ten years
The most recent NPS-FM (2020) extends the 
previous requirement for local governments 
to ‘take into account’ Māori values when 
considering planning and management 
decisions, by now requiring local governments 
to ‘give effect’ to Māori values. This provision 
is included under the new overarching 
principle of upholding Te Mana o te Wai – 
which recognises and attempts to empower 
indigenous Māori concepts and values. This 
is a significant improvement; however, there 
are concerns that without adequate guidance, 
and culturally appropriate and effective 
implementation, monitoring and compliance, 
Māori values could be compromised again – 
much like the RMA, which included specific 
cultural provisions but many of which were 
never realised (Taylor et al., 2020). 

Māori continue to advance their roles, 
responsibilities, rights and interests in 
freshwater. New policies have strengthened 
the role of Māori in freshwater planning, 
policy, governance and management. Māori 
now have a more formalised partnership 
role in collaborative planning processes. A 
range of governance structures are now based 
on the Treaty principle of ‘partnership’ and 
there are many established models, from 
collaboration to co-management. Some 
arrangements recognise the rights of nature 
itself through legislation that awards legal 
personhood, acknowledging the whakapapa-
based relationship between, for example, 
the Whanganui River and Whanganui iwi 
(the tupuna awa and the iwi that descends 
from it). The legislation enables governance 
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and management structures and processes 
that are equitably informed by western and 
indigenous values and management systems 
for and on behalf of the river. 

A significant gap exists with respect to 
freshwater access, use and allocation – the 
key aspects relating to proprietary rights. 
Current policy, legislation and practice are 
inadequate for enabling Māori rights and 
interests in water takes and instream flows 
and levels, in terms of both involvement and 
specific allocation mechanisms supporting 
Māori values. However, there have been some 
shifts within national and local government 
policy and legislation to better recognise and 
accommodate Māori values and principles in 
water management. The Crown has focused 
on improving freshwater quality and avoided 
more economically and politically complex 
aspects related to freshwater quantity and 
allocation. The Crown’s current position 
on Māori proprietary freshwater rights is 
that there will be no national settlement or 
generic share for Māori, leaving the Resource 
Management Act as the only mechanism 
for proprietary redress (Waitangi Tribunal, 
2019). 

Despite several examples of integrating 
Māori values into freshwater management, 
a policy and implementation space needs to 
be created that ensures indigenous Māori 
engagement and outcomes in freshwater 
governance, planning and management. 
This space should provide for an integrated, 
precautionary and bicultural ‘First Principles’ 
approach, ensuring that Māori rights and 
interests consistent with the Treaty of 
Waitangi are enabled, including the exercise of 
mātauranga Māori (knowledge informed by 
Māori worldviews), tikanga (Māori customs 
and lore) and kaitiakitanga (guardianship). 
Such an approach would need to be supported 
by a broader bicultural policy and we suggest 
an overarching philosophy Ngā Taonga Tuku 
Iho, which would encompass all natural 
resource management, providing a korowai 

(cloak) for the management of each particular 
‘resource’ or taonga (treasure), including 
freshwater. An example is a suggested 
indigenous water allocation framework, Ngā 
Puna Aroha (Taylor et al., 2020), that could 
provide direction and give confidence and 
certainty to the implementers of national 
water policy. This type of bicultural proposal 
could inform freshwater and wider natural 
resource management policy making, 
regulatory frameworks, and implementation 
both nationally and internationally. 

Increasing regulation, standards 
and policy
The 2010s was a decade in which new 
regulations, standards and policies were 
set in order to achieve envisaged freshwater 
outcomes. The growth of freshwater policy, 
driven by central government playing a 
more active role in freshwater management, 
has arguably created more sluggish, and 
sometimes more ineffectual, policy processes 
(Kirk et al., 2020). Another effect has been 
local governments placing greater emphasis 
on devising policy and plans at the expense 
of policy implementation (Kirk et al., 2020).

There are multiple lenses for understanding 
freshwater management and policy. There 
are legal and policy perspectives, science 
perspectives, economic perspectives, and 
perspectives informed by te ao Māori. 
Typically, allocation and water quality 
concerns are driven by economic and legal 
concerns, but there are increasing tensions 
between those who view water as a resource 
for economic development and those who 
seek greater conservation of freshwater 
resources in Aotearoa New Zealand. These 
conflicts are also present in te ao Māori, with 
some iwi investing in intensive farming while 
simultaneously seeking greater protection of 
freshwater taonga that are potentially affected 
by pollution from commercial farming 
(Chalmers, 2018). 
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How freshwater is valued differs 
depending on scale. The 2010s saw central 
government shift from a hands-off approach 
to water management towards a more hands-
on approach, as seen in the development 
of national limits and objectives. But 
freshwater issues can appear quite different 
at the national scale to how they appear at 
the regional, sub-regional, or catchment 
scale. For example, the limit-setting process 
in the 2010s was driven by the issues of 
major national concern, such as the effect of 
intensive farming on freshwater quality, but 
in some regions issues like sedimentation 
from forest harvesting are more immediate 
and significant causes of freshwater quality 
decline. This means the national limit-setting 
process is, at times, out of step with issues that 
are of regional, sub-regional, or catchment 
concern (Kirk et al., 2020). Regardless, the 
publication and regular updates to the NPS-
FM and the addition of freshwater-focused 
National Environmental Standards means 
that all local governments will have to engage 
in limit-setting processes through updating 
their plans, regardless of whether the drivers 
of these changes are important in their region. 

To help address issues of scale, the 2011 
NPS-FM devised the concept of a Freshwater 
Management Unit (FMU). To allow for local 
variation, it was left to regional councils 
and unitary authorities to identify and 
define FMUs in their jurisdiction. From 
the perspective of a hydrologist, it makes 
more sense to set limits for individual water 
bodies or river reaches, while recognising 
linkages (especially upstream takes affecting 
downstream water availability) between the 
limits. However, it is acknowledged that 
community boundaries often do not neatly 
overlap with these hydrological boundaries. 
Given the variability in catchment hydrology, 
climates, geology, soil and land uses across 
Aotearoa New Zealand, it is sensible that 
local communities have some role in the 
development and implementation of specific 

policies and rules. However, there remains a 
role for central government in coordinating 
across regions, as well as dictating the process 
for water management. 

As noted earlier, under the RMA local 
governments have been quite successful 
at setting water allocation (take) limits. 
Experiences in Canterbury in the 2000s, 
in particular around allocation limits for 
groundwater abstraction, illustrated the need 
for robust allocation limits to be established 
in regional plans before they could be upheld 
by the courts (Weber et al., 2011). There has 
been a focus on setting minimum flows for 
rivers and streams, with belated recognition 
that water allocation regimes should also 
prescribe allocation limits (caps) and supply 
reliability (security of supply). 

Concepts such as water accounting, 
now mandated under the NPS-FM, are 
familiar to hydrologists because they are a 
statement of the water balance for a water 
body. However, applying water accounting 
frameworks to water quality metrics is more 
challenging because of our limited ability to 
measure contaminant losses from the land, 
uncertainty, lag times, poor knowledge of 
contaminant attenuation, and a necessary 
reliance on models. 

Water classification under the WSCA 
1967 was carried over as a water management 
tool into the RMA, but in the last decade 
this approach has been abandoned in favour 
of national bottom lines. From a legal 
perspective, the shift towards bottom lines 
was confirmed by the Supreme Court’s 2014 
decision in Environmental Defence Society v 
King Salmon. The Court’s decision outlined 
how section 5 of the RMA, which defines 
the purpose of the Act as being to promote 
the sustainable management of natural and 
physical resources, should be interpreted. 
Prior to the case, the courts had interpreted 
the purpose of the RMA as a balancing 
of environmental, economic, social and 
cultural values. The King Salmon decision 
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reinterpreted section 5 of the RMA through 
a bottom-line approach, where the focus 
became ensuring resources do not fall below 
certain bottom lines for quantity and quality 
(Milne, 2016). 

The concept of a National Objectives 
Framework, and the inclusion of national 
bottom lines in a NOF, was recommended 
by the Land and Water Forum (2010). 
Although the NOF sets minimum attribute 
limits for water bodies across all of Aotearoa 
New Zealand, where the current water 
quality measurements are above this – either 
in bands A, B or C – regional councils and 
unitary authorities must maintain or improve 
that attribute. This means local governments 
cannot allow water quality to degrade to a 
lower band (for example, from an A ranking 
to a B ranking). And where the water quality 
is already below NOF bottom lines, councils 
and unitary authorities must endeavour to 
improve. 

The shift from a ‘balancing’ interpretation 
of the RMA towards a ‘bottom line’ 
interpretation presents certain risks. Although 
the shift should be praised for prioritising 
environmental and ecosystem health, there is 
a risk of increasing reductionism in catchment 
management as councils focus on an array of 
attribute limits without adequate recognition 
of the linkages between them (Freshwater 
Independent Advisory Panel, 2020). Another 
risk is that mandatory monitoring of all 
FMUs could divert monitoring resources 
from problem areas, adding cost, especially 
for poorer councils. Excessive rigidity in 
trying to achieve NOF limits could, in 
addition, constrain certain actions available 
to catchment managers to adaptively manage 
for multiple outcomes across a catchment. 

Given the rapid growth of regulation, 
policy and new standards during the 2010s, 
recent research examined the barriers to local 
government implementation of freshwater 
policy (Kirk et al., 2020). One of the barriers 
was difficulty aligning locally developed 

plans and policies with national policy, 
particularly with frequent updates to the 
NPS-FM requiring councils to update their 
plans in response. Another barrier was local 
government and community capacity to 
implement freshwater policies. In particular, 
it was recognised that some smaller councils 
may have a smaller rating base and do not have 
the resources to employ many scientists and 
catchment managers. A final barrier noted 
was that, although the NOF offers flexibility 
when setting limits, local governments 
perceived these national bottom lines as a 
barrier to policy implementation when they 
are not relevant in the local context. 

A lot of work and effort has gone into the 
development of water policy in the 2010s. In 
the 2020s, greater emphasis will need to be 
devoted to implementing this policy. Without 
a shift in emphasis from policy development 
to implementation, and the practice change 
that is needed for that implementation, the 
bottom lines established by the NOF will 
remain distant goals for many water bodies. 
In recognition of these implementation 
challenges, many regions have begun 
experimenting with different techniques to 
achieve freshwater outcomes, techniques we 
will explore later when discussing integration 
and implementation challenges. 

Modelling for management
Managing Aotearoa New Zealand’s precious 
water resources requires an assessment of 
how existing or future water use affects the 
values that the water resource supports. 
Water resources are influenced by multiple 
drivers, primarily climate variability, land 
cover and water use, and it is sometimes 
difficult to isolate the response of one driver 
from another. Modelling can assist with this. 
For example, a prediction can be made that 
separates the influence of human activities 
from climatic variability. Furthermore, 
modelling is the only means of predicting 
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how a water resource will be changed by a 
future activity. Hence, modelling forms an 
integral part of a robustly managed water 
resource.

‘Modelling’ is a term that spans a wide 
range of techniques, from very simple back-
of-the-envelope estimates to complex multi-
dimensional, spatially distributed, stochastic 
representations and future techniques that 
have not yet been imagined. Research 
models shed light on how water resources 
function, while management models focus 
on applying system knowledge to determine 
a sustainable operating space for water bodies 
and catchments. Each has their advantages 
and disadvantages, and sometimes multiple 
modelling techniques are needed to 
adequately inform a water management 
decision. The chosen tools are both site- and 
problem-specific. Regardless of the chosen 
method, common sense and locally informed 
validation testing are needed to ensure that 
the predictions are sound. The annex to this 
section contains some background material 
on modelling for water management, with 
some examples given below.

Some models used in Aotearoa New 
Zealand water management 
With newly legislated requirements to 
set limits for water takes, to set up water 
accounting systems for water bodies, and to 
comply with national bottom lines for water 
quality attributes, the demand for applied 
water resource modelling has increased 
markedly. Coupled with those needs has been 
the increasing recognition that modelling 
must allow for connectivity between water 
bodies and within catchments.

Some of the numerical groundwater flow 
models commonly applied in New Zealand 
are MODFLOW (in various forms; also 
with MT3DMS) (Gusyev et al., 2013), 
FEMWATER (Wang et al., 2003) and 
FEFLOW (Huo et al., 2007). Numerous 
analytical models are also available for 

various modelling purposes and scales. At 
the catchment scale, the TOPNET, SWAT, 
WATYIELD, MikeSHE, various catchment 
runoff models, and other Australian 
catchments models are commonly used (Yang 
et al., 2017). Specific modelling applications 
include WATYIELD (Fahey et al., 2010) for 
evaluating the effects of land cover change 
on catchment flows, and IRRICALC, 
OVERSEER, SPASMO and APSIM for 
managing irrigation water needs and soil 
drainage and nutrient (e.g., nitrate) losses for 
defined crop–soil–climate combinations or 
farm management options.

Recent examples
Models (of varying complexities) have 
been used for many decades to inform 
water management decisions. Three recent 
examples are briefly discussed below.

Motueka–Riwaka Plains, Tasman  
District Council
Tasman District Council developed a linked 
MODFLOW surface water–groundwater 
model of the Motueka–Riwaka Plains 
groundwater system (Weir and Thomas, 
2018). Development of this model started in 
1999 and it has been progressively developed, 
ex tended and upgraded since then. Through-
out this period, the model has been used 
to test and set water allocation limits for 
different parts of the plains allowing for 
groundwater abstraction for a community 
supply bore field, water take restrictions 
in the coastal margin, Motueka River bed 
degradation, different scenarios of predicted 
climate change, and predicted sea level rise. 

The primary trigger for limit setting has 
been saltwater intrusion in the coastal margin, 
and so the model was developed with this 
primary management objective. Predicted 
changes in groundwater levels and spring-fed 
stream flows were also considered. The model 
predictions contributed to setting allocation 
limits in Tasman District Council’s plan.
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concentrations at Te Waikoropupū Springs. 
These karst springs near Tākaka are the largest 
in Aotearoa New Zealand with a combined 
mean flow of 13,300 L/sec. They are regarded 
by mana whenua iwi as wai tapu. This work 
informed a water management plan change 
for the Tākaka catchment being developed 
by Tasman District Council’s Tākaka 
Freshwater and Land Advisory Group. It was 
also presented as expert evidence to assist 
the special tribunal hearing the application 
for a Water Conservation Order for the Te 
Waikoropupū Springs (Fenemor, 2018).

Water balances were calculated for the 
three interconnected aquifers of the Tākaka 
catchment: the Arthur Marble Aquifer, the 
Tākaka Limestone Aquifer, and the Tākaka 
Unconfined Gravels Aquifer, incorporating 
their individual surface water and rainfall 
recharge interactions. The dynamic response 
of these systems (both groundwater levels 
and river flows) was calibrated for the period 
1980–2014 using eigen modelling.

To model nitrogen loads to the springs, 
modelled flows were converted into nitrogen 
loads by assigning average annual nitrogen 
loss rates from OVERSEER or from literature 
to classes of land use or land cover across the 
contributing catchments. By changing the 
inputs (particularly the proportion of different 
land cover types) for various scenarios, the 
models were used to predict changes in the 
Arthur Marble Aquifer groundwater levels, 
spring flows and nitrate concentrations at 
Te Waikoropupū Springs. However, the 
simplifications and assumptions underpinning 
such modelling have been contested in appeals 
on the Te Waikoropupū Water Conservation 
Order. This has prompted debate about 
the degree of reliance that can be placed on 
modelling and how precautionary decision-
makers should be – a debate mirrored 
recently in Covid-19 decision-making – when 
setting flow and water quality limits in a 
nationally outstanding water body such as  
Te Waikoropupū Springs. 

Ruataniwha basin, Hawke’s Bay
A collaborative group of groundwater 
applicants proposed to abstract groundwater 
from the Ruataniwha basin, inland from 
Napier. A resource consent requirement 
for these groundwater takes is that the 
consequential stream depletion effects are 
mitigated directly by augmenting river flows 
with groundwater during drier periods (when 
takes from the rivers are restricted). This 
concept of augmentation is based on using 
groundwater stored in the aquifer system 
during wetter periods to mitigate stream 
depletion effects during drier periods. The 
augmentation takes will result in additional 
stream depletion effects, but this too will 
be delayed and spread over space and time 
through the storage response of the aquifer 
system. The rationale is founded on the 
principle of using the groundwater system to 
smooth, buffer and delay stream depletion 
effects using groundwater storage that is later 
replenished naturally.

A three-dimensional linked surface water–
groundwater numerical flow model of the 
Ruataniwha basin was initially developed in 
2013 (Weir, 2013) and updated in recent 
years. It was used to test and optimise the 
take and augmentation regime to mitigate 
the low-flow effects of the takes at key river 
flow monitoring sites. Augmentation occurs 
whenever river low-flow triggers are reached, 
and these triggers have been set high to 
protect the reliability of supply for existing 
users. Effects propagate further than an 
individual applicant’s property. Therefore, the 
augmentation system requires a collaborative 
effort whereby one applicant’s augmentation 
mitigates a portion of the effects of both their 
own take and others’ takes, and vice versa.

Te Waikoropupu Springs, Golden Bay
In this example, eigen modelling and 
associated nitrogen mass balance modelling 
were carried out to understand the effects of 
land use on flow rates and nitrate-nitrogen 
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Integration and implementation 
challenges
As reported earlier in the section, central 
government has issued significant freshwater 
policy reforms during the last decade – 
reforms that have created new integration 
and implementation challenges. Research has 
confirmed that implementing new freshwater 
policies, like the NPS-FM, is a real challenge 
for local governments (Kirk et al., 2020). 
This is compounded by the challenge of 
encouraging farmers, foresters and growers to 
adopt new practices to achieve the collective 
goals established by new freshwater policies, 
especially when these land users often bear the 
largest costs of implementing these policies. 

Collaborative freshwater decision making 
is one technique that has been experimented 
with to assist implementation and integration 
of freshwater policy during the last decade. 
During the late 2000s and early 2010s 
collaboration was promoted by some as 
the solution to Aotearoa New Zealand’s 
persistent freshwater crises (Salmon, 2007; 
Salmon and Zilliacus, 2007). The earliest 
examples of collaborative freshwater decision 
making in Aotearoa New Zealand – such as 
the Land and Water Forum (Eppel, 2013) 
and the Canterbury Water Management 
Strategy (Kirk, 2017) – were established at 
the end of the 2000s and influenced local 
governments to adopt a range of collaborative 
policy experiments during the 2010s at 
subcatchment, catchment and regional scales 
(Duncan, 2013; Harmsworth et al., 2016; 
Cradock-Henry et al., 2017; Duncan and 
Robson-Williams, 2018; Tadaki et al., 2020; 
Thomas et al., 2020).

It is difficult to assess the environmental 
outcomes (Newig et al., 2018) or impacts 
(Roux et al., 2010) of collaboration within 
a decade of these experiments starting. 
Given this, assessments of collaboration 
have typically focused on evaluation of the 
process rather than environmental impacts. 

Positive assessments argue collaboration 
has helped to change attitudes and build 
relationships in water governance (Memon et 
al., 2012), and that collaboration has shaped 
and improved the delivery of expert advice 
(Berkett et al., 2018; Robson-Williams et 
al., 2018). Negative assessments argue that 
collaborative decision making supports 
developmental interests over conservation 
interests (Brower, 2016), and that it stifles, 
rather than enhances, community autonomy 
and creativity (Thomas et al., 2020).

By 2021 freshwater collaboration appears 
to be at a crossroads, with the current 
Minister for the Environment questioning 
whether consensus-based decision making 
on contentious policy issues is possible 
(Hancock, 2018) and some local governments 
losing enthusiasm for the process. Regardless, 
researchers have tried to derive lessons from 
practical experiences over the last decade to 
inform future development of freshwater 
collaboration in Aotearoa New Zealand (Kirk 
et al., 2021).

Policy innovations during  
the 2010s
As noted in the subsection on indigenous 
values, Māori expect to be recognised 
as equal partners in freshwater decision 
making (Sinner and Harmsworth, 2015; 
Moewaka Barnes and McCreanor, 2019). 
Reaffirming Māori partnership in freshwater 
decision making has been a priority over 
the last decade, although this has perhaps 
not occurred at the speed and scale tangata 
whenua hoped for. In response, researchers 
have developed new Māori water allocation 
frameworks, such as Ngā Puna Aroha 
(Taylor et al., 2020), which could enable the 
implementation of Te Mana o te Wai, as well 
as bridging the contemporary disconnect 
between Māori rights and interest in 
freshwater and their ability to engage in 
current freshwater management processes. 
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Another innovation in the 2010s was the 
establishment of audited self-management of 
collective irrigation consents. Audited self-
management occurs when multiple farmers 
gain access to freshwater for irrigation 
through one consent, the rationale being 
that participating farmers will be motivated 
to audit one another to make sure nobody is 
breaching collective consent rules. Audited 
self-management provides a way of organising 
farmers around a common goal. Examples 
of audited self-management typically occur 
where farmers’ access to water is mediated 
through irrigation schemes, such as in 
Canterbury (Holley, 2015; McCorkindale, 
2019) and Otago (Duncan and Diprose, 
2020).  

The growth in community-led catchment 
collectives during the 2010s is illustrative of 
both their perceived importance in freshwater 
policy implementation as well as their value 
in helping communities set and achieve their 
own subcatchment freshwater objectives. 
An exemplar collective is the Whangawehi 
Catchment Management Group in the 
Hawke’s Bay, which won international 
recognition for the improvements in 
freshwater quality they were able to achieve 
(‘Guardians of river’, 2018). Researchers and 
primary sector groups have argued that these 
catchment collectives, which are typically 
established bottom-up by the communities 
themselves, should be further supported over 
the coming decade (McDowell et al., 2020; 
Sinner, 2021). 

Freshwater policy-making processes – 
whether they be collaborations, Treaty-based 
partnerships, audited self-management 
schemes, or catchment collectives – all must 
deal with the presence of uncertainties. 
As issues become more complex, different 
dimensions of uncertainty become more 
apparent (Bammer and Smithson, 2012). 
This is unquestionably the case in freshwater 
management. However, the last decade has 
seen a shift from predominantly case-by-

case assessments of effects of activities to an 
approach based on pre-emptive definition 
of the capacity of natural resources (Rouse 
and Norton, 2017), creating greater 
need for integrated modelling. This has 
important implications for management 
of uncertainty. For example, traditional 
uncertainty assessments were the final step 
in a modelling or policy process. However, 
the understanding, management, and 
communication of uncertainty is now 
recognised as an ongoing theme throughout 
the science into policy process (Freeman et al., 
2016; Ministry for the Environment, 2016; 
Robson-Williams et al., 2018; Berkett et al., 
2018) and needs to be accounted for: not just 
model uncertainty, but also uncertainty in 
understanding the biophysical relationships, 
the human–stakeholder relationships, and the 
policy and planning frameworks (Bammer 
and Smithson, 2012).

What might we expect next?
Legislative changes to the RMA in the early 
2020s will usher in a period of change 
in Aotearoa New Zealand’s freshwater 
management. The intention, as established 
by the Randerson et al. (2020) report, is to 
repeal and replace the RMA with three new 
Acts, as described earlier in this section. 
Of greatest significance for freshwater 
management would be a Natural and Built 
Environments Act, which will have a revised 
purpose of te oranga o te taiao, which 
translates to the wellbeing of the natural 
environment. Despite the revised purpose, 
we anticipate the legislation will consider 
developing the concepts of limits, outcomes, 
and targets already mandated through 
the NPS-FM. These Acts will create new 
integration and implementation challenges 
for local governments and land users. When 
combined with the mooted changes to local 
government arising from centralisation under 
the Three Waters reforms, we ought to expect 
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a significant period of policy development 
and restructuring in the early 2020s. 

Although the RMA is being repealed, the 
new objective for freshwater management 
under the NPS-FM – Te Mana o te Wai 
– will likely remain. One of the other 
integration and implementation challenges 
of the 2020s will be to devise how Te 
Mana o te Wai is implemented in practice, 
and how integration of mātauranga Māori 
and western science can help enable its 
implementation under the umbrella concept 
of te oranga o te taiao. 

Another challenge in the 2020s will 
be further development of freshwater 
accounting systems for local governments. 
Gathering baseline information on all FMUs, 
setting targets and attribute states and limits 
for all FMUs, and assessing whether an FMU 
is currently over-allocated will be a high 
priority for central and local government. 
Ensuring local governments are using 
consistent methodologies for accounting for 
water quality and quantity will be a challenge 
of the 2020s. 

Understanding the interconnections 
between different policy objectives, 
specifically in environmental policy, is 
another challenge we expect to gain more 
attention over the next decade. A raft of new 
environmental legislation relating to climate 
change mitigation, urban development, and 
biodiversity will need to be implemented 
alongside new freshwater policies. Ensuring 
these policies mesh with each other, and do 
not create inconsistencies, will be a challenge 
for both local and central government. These 
challenges will also be experienced at the farm 
scale, as land users grapple with how to achieve 
non-complementary policy objectives. But 
they may also be seen as an opportunity, for 
example, with farm environment plans as a 
single tool mandated to meet environmental 
objectives spanning freshwater, biodiversity, 
greenhouse gas emissions and animal welfare, 
among others. 

The Covid-19 pandemic has highlighted 
Aotearoa New Zealand’s economic reliance 
on primary production, and that the country 
is susceptible to external shocks. More 
severe and more frequent natural hazard 
events precipitated by accelerating climate 
change could, like Covid-19, spur some 
New Zealanders towards developing new 
water storage and irrigation infrastructure to 
help protect landowners from future climate 
hazards. The global response to mitigate and 
adapt to climate change is also expected to be 
an increasing focus. 

The impact of intensive farming on 
drinking water quality is another potential 
topic of debate during the 2020s. Recently, 
concern has been raised about connections 
between nitrogen in drinking water and 
colorectal cancer. We expect research that 
more closely examines the links between 
nitrogen and colorectal cancer in Aotearoa 
New Zealand will occur; the results of this 
research might have implications for drinking 
water standards, zoning of intensive farming, 
and wider freshwater management in the 
country. 

A renewed focus on water management 
across large catchment scales is needed, in our 
view, led by regional councils and empowered 
through catchment groups. Underpinning 
this is the concept of understanding 
catchment connectivity through a systems 
understanding of their hydrology, ecosystem 
processes, and cultural and societal networks. 
Understanding catchment hydrology remains 
fundamental to effective action.  

Annex: Modelling to inform 
management decisions – 
background
Flow and transport modelling
Types of hydrological modelling currently 
used in Aotearoa New Zealand to inform 
water management decisions are broadly 
categorised into ‘flow’ and ‘transport’. 
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Examples of flow (or quantity) modelling 
include:
• Aquifer test analyses to derive aquifer 

parameters
• Groundwater interference calculations 

to predict the hydraulic effect in a 
neighbouring bore

• Stream depletion predictions
• Groundwater catchment simulators
• Surface water routing and open channel 

and overland flow
• Catchment hydrology models to 

understand connections between water 
bodies and the landscape.

Transport (or quality) modelling often (but 
not always) is founded on a flow model, with 
the addition of solute transport. These types 
of models include:
• Contaminant transport (e.g., nitrate 

concentrations and mass)
• Particle transport (e.g., to predict water 

source and fate)
• Freshwater–saltwater interface predictions
• Mixing models for geochemical tracers 

(e.g., tritium)
• Residence time and lag time predictors
• Lake and river mixing
• Ecological impact assessment modelling.

Model scales
The scale of models is highly variable and 
is both site- and problem-specific. Typically, 
spatial scales vary from tens of metres (e.g., 
for local interference assessments) to tens 
of kilometres (e.g., for catchment-scale 
simulators). Temporal scales can range from 
minutes (e.g., for river hydraulic response, 
and groundwater interference assessments) 
to centuries (for groundwater age and travel 
time predictions in large and/or slow-moving 
groundwater systems).

Combined surface water–groundwater 
interaction models
Within Aotearoa New Zealand, surface 
water and groundwater are usually intimately 
connected, with a change in one influencing 

the other. Consequently, it is important 
to choose models that accommodate this 
interaction. Currently, models that do this 
are categorised broadly as either linked or 
integrated models.

Linked models contain multiple models 
that independently simulate different 
processes. For example, one model may 
simulate surface water routing, one represents 
vadose zone flow, and one replicates the 
saturated groundwater system. Relevant 
outputs from one model are passed as inputs 
to the other models, and each solve the 
respective flow equations, passing outputs 
back to the previous models. This process 
is repeated until a final solution is reached. 
These types of models are simpler to construct 
(the different components of the hydrological 
system can be modular) and are often more 
numerically stable than integrated models.

Integrated models solve the flow 
equations for the whole hydrological system 
simultaneously, sometimes with a single 
equation to represent all features. Integrated 
models are often more computationally 
cumbersome than linked models and are 
harder to parameterise and solve. Other 
model systems are hybrids of both linked and 
integrated techniques. Regardless, technology 
is ever changing, with new computational 
techniques emerging that solve many of the 
historical problems of both methods.

Communicating model results
Models, even simple ones, are often complex 
to communicate. This can lead to them 
being easy to criticise, reducing public trust 
in the results and the perception that ‘the 
modeller can make the model “say” whatever 
they want’. As such, it is important that 
the model is soundly documented in a way 
that is understandable at multiple levels 
of complexity, from broad overviews of 
techniques and results to detailed descriptions 
of model inputs, processes and analyses. 
As a general rule, the model report should 
contain an executive summary designed for 
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non-technical readers, supported by detailed 
technical information in the main body 
of the report. These reports can be quite 
large. The use of maps and graphs aids the 
readers’ comprehension. This is particularly 
important when communicating model and 
prediction uncertainty. Here, concepts need 
to be explained simply, in common language, 
without waffle and copious amounts of 
jargon. Finer details and analyses can be 
included in appendices. 

Scenario modelling and uncertainty
Commonly, a model is developed and 
matched to historical measurements. Once 
developed, the model can then be used to run 
scenarios of a different hydrological state (e.g., 
for future activities). These scenarios aim 
to predict the response of the hydrological 
system to an activity that has not yet occurred, 
or they can be used to isolate the effects of a 
past activity. Model and scenario ‘error’ are 
inherent in this process, and it is important 
to understand and accommodate these in 
the model predictions. Modern uncertainty 
techniques can be used to quantify the scale 
of these uncertainties, and the methods of 
quantification are site- and problem-specific.

Understanding uncertainty is important 
for decision makers, and high degrees 
of uncertainty make decision making 
challenging. Managing uncertainty should be 
considered throughout the modelling process, 
not just in the analysis and communication of 
the results. For example, particular attention 
should be given to the conceptualisation to 
ensure that key hydrological processes are 
included. No amount of uncertainty analysis 
can counter poor conceptualisation.

Scenario uncertainty can often be 
significantly reduced if the model results 
are used in a relative sense, i.e., to predict 

changes in the hydrological response, rather 
than absolute values. Differences between a 
‘baseline’ scenario and a future state can often 
be easily calculated using model graphical 
user interfaces, or coding. If absolute values 
are needed, the modelled differences can then 
be added onto a measured value to generate a 
future prediction of absolute value. 

Model asset management
Models usually involve significant invest-
ments in time and cost, typically over 
several years. However, models suffer from 
natural deterioration due to moving quality 
benchmarks and expectations, such as new 
data becoming available, superseded and 
obsolete software, new modelling techniques, 
and model outputs changing focus. 

Given this, models need to be treated as an 
asset, managing them in a way that is similar to 
how infrastructural assets are managed (e.g., 
through scheduling of ongoing performance 
monitoring and maintenance). This would 
then avoid a last-minute scramble when 
the model is needed urgently (say for use 
in a hearing or important decision-making 
process). It will allow careful and thought-out 
model development that can be defended.

Any modelling project is a constant 
balance between time (delivery deadlines), 
quality (what process to include and how well 
to history match) and budget (the number 
of person-hours to be invested). Careful 
and ongoing communication between the 
modellers, project managers, clients and 
stakeholders is needed to optimise the 
time–quality–cost trade off. The investment 
should be commensurate with the risk 
associated with the model purpose and 
should be a balance between the complexity 
included (or not included) and the associated 
uncertainties.
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New Zealand Hydrological Society:  
ten years, 2011–21

Introduction
It seems like yesterday it was our 50th Anniversary in Wellington in early December 
2011 (Figure 14). Ten years have gone past and now we are into the 60-year 
anniversary of the New Zealand Hydrological Society (NZHS / the Society), with 
the Society having formed on 25 August 1961.  

New Zealand Hydrological Society: 60th Anniversary
© New Zealand Hydrological Society (2021)

Figure 14 – Fiftieth Anniversary of the New Zealand Hydrological Society,  
Te Papa, Wellington 2011.

The last ten years have seen huge changes in community perception of water, water 
management and technology deployed in hydrology. Equipment for flow gauging, 
remote data access, online water quality monitoring and drone technology in various 
aspects of hydrology are rapidly expanding (as noted in the other sections of this 
publication). Computing power has also increased remarkably – even laptops and 
desktops now have computing power that was limited to mainframes in the past.

As we celebrate the last ten years, we acknowledge long-standing members of 
the Society and the Executive who have served the Society over the last ten years. 
It is also important to recognise members who have received awards for their 
contribution to hydrology as well as to document key developments/changes in the 
Society through this period.
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Membership
There was a rapid growth in membership 
from the formation in 1961 to about 1977, 
when there were about 500 members 
(Figure 15). Membership dropped to about 
450 in the mid-1990s and there has been a 
slow increase since. Over the last few years 
membership has been hovering between 550 
and 600. 

Award update
The Society’s success continues to be built 
upon the success of its members. The Society 
continues to honour achievement through 
its awards process. Recipients of the awards 
since the Society’s formation are listed in this 
section, along with more detailed biographies 
of those who have received awards in the last 
ten years.  

Life members
Four awards have been made as follows:
• 1981: Pat Grant – a founding member 

of the Society, long-term editor of, and 
contributor to, Journal of Hydrology 
(New Zealand) (the Journal) and a 
significant supporter of Society events and 
publications over many years.

• 1998: Horace Freestone – a long-serving 
Committee member (18 years) who 
helped organise several symposia, he was 
a supporter of enhanced data management 
and quality control.

• 2004: Paul Mosley – a former President, 
Editor and Committee member, Paul 
coordinated the Society’s submissions to 
government on local authority and science 
restructuring and has edited/co-edited 
four of the Society’s books.

• 2015: Lindsay Rowe – a former Secretary 
and long-standing Treasurer (22 years), 
Lindsay, with support from his wife Jan, 
contributed significantly over the years 
to the running of the Society and its 
administration. 

2015: Lindsay Rowe
Lindsay Rowe served on the Society’s 
Executive Committee tirelessly for 22 years 
from 1988. From 1989 to 1994 he was both 
Secretary and Treasurer, and then served a 
further 15 years as Treasurer. Together with 
his wife, Jan, he carried out most of the 
Society’s administration over that period 
before stepping down in 2010. During his 
time as Secretary/Treasurer/Administrator, 
the Society grew substantially in membership 

Figure 15 – New Zealand Hydrological Society membership, 1961–2021.
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numbers and in the extent of services offered. 
Much of this growth was only made possible 
by Lindsay and Jan’s efforts. 

Lindsay has set a record in that no other 
officer of the Society has served so long; 
in effect, Lindsay was the face of the New 
Zealand Hydrological Society for many years. 
His work built the Society’s asset base, and 
his house was essentially the Society’s home 
during those years. Lindsay left a big gap 
when he retired from the Executive and as 
Administrator. 

As a scientist, Lindsay was employed by 
the Protection Forestry Division of the Forest 
Research Institute, in Rangiora and then 
Christchurch, and then Landcare Research 
at Lincoln, for a total of 33 years. He 
worked mainly on the hydrological effects of 
vegetation and land-use change with a focus 
on forestry. He has many publications on this 
subject in the Journal and other international 
journals. His last work before retirement 
in 2001 was to pull together a series of 
bibliographies on New Zealand land-use 
hydrology, and the hydrology of radiata pine 
and Douglas fir forests. This latter work 
was a building block for development of 
the WATYIELD model with his two close 
colleagues Rick Jackson and Barry Fahey, 
both also former members of the Society’s 
Executive. 

Lindsay received the Society’s Outstanding 
Achievement medal in 1996 for his impact 
in both hydrological science and New 
Zealand’s water sector. As a life member, he 
joins a select group who have contributed in 
a significant way to the membership of the 
New Zealand Hydrological Society and to 
the Society’s continuing success. 

Award for Outstanding Achievement
This award commenced in 1980. The 
purpose was to recognise outstanding 
achievement demonstrated by scientific 
publications or an assessment of a person’s 
impact on the management of New Zealand’s 
water resources.

Recipients of the award so far are: 
 • 1980: Dr Andy Pearce
 • 1982: Dr George Griffiths
 • 1983: Dr Paul Mosley
 • 1985: Ian Jowett
 • 1990: Dr Alistair McKerchar
 • 1993: Charles Pearson
 • 1996: Lindsay Rowe
 • 2000: Dr Barry Fahey, Dr Dave Murray
 • 2001: Dr Mike Stewart
 • 2003: Dr Steve Thompson
 • 2006: Andrew Fenemor
 • 2008: Dr Hugh Thorpe
 • 2009: Dr Vince Bidwell
 • 2010: Dr Ross Woods
 • 2011:  Associate Professor Earl Bardsley; 

Dr Richard Ibbitt
 • 2018:  Professor David Painter;  

Murray Close

2018: Murray Close
Murray Close is a nationally recognised 
groundwater quality expert who has 
produced a considerable amount of high 
quality, rigorous science research over a 
substantial period of time. Murray has 
made significant contributions to issues 
of national importance and has provided 
scientific leadership on a number of complex 
collaborative projects. 

Murray started working at the Water 
& Soil Division, Ministry of Works and 
Development in 1979, after obtaining his 
BSc(Hons) in chemistry from the University 
of Canterbury. He also went to the University 
of Oklahoma in the United States, where 
he completed a Master of Environmental 
Science degree in groundwater science. 

His early work in New Zealand included 
research into the effects of on-site wastewater 
systems on groundwater chemistry, the effects 
of irrigation on groundwater chemistry 
beneath the Amuri Plain, and groundwater 
chemistry and isotopes in the Ashburton–
Rakaia Plain. 
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Murray started national surveys of pesti-
cides in groundwater in 1990 and has co-
ordinated these surveys every four years since. 
Murray also co-wrote, with Mike Rosen and 
Viv Smith, a chapter on nitrate and pesticides 
in groundwater for the Society’s 2001 book 
Groundwaters of New Zealand. 

When the DSIR was disbanded in 1992, 
Murray joined ESR, where he has been ever 
since. In the 1990s Murray worked with 
Liping Pang and the team at ESR to develop 
their groundwater test site at Burnham, 
where they have run numerous trials over 
the years to investigate the fate and transport 
of microbes and chemical tracers, as well as 
characterising the variability of groundwater 
flow and transport in the alluvial gravels of 
the Canterbury Plains. 

Murray has been interested in the effects of 
irrigation on groundwater quality for many 
years. In addition to his early work on the 
Amuri and Ashburton-Lyndhurst irrigation 
schemes, he also investigated pathogen 
transport under border dyke in the lower 
Waitaki area and under spray irrigation in 
the Te Pirita area. He was also part of the 
Integrated Research for Aquifer Protection 
(IRAP) research team in the 2000s, studying 
the transport of nitrate through the vadose 
zone. 

In the 2000s, Murray worked with 
Rod Dann at ESR to further characterise 
those alluvial gravels. They recognised 
the importance of open-framework gravel 
channels to the flow of groundwater, and 
they devised a large-diameter well that they 
could use to investigate the gravels in situ. 

Murray continues to explore new tools and 
methods to help us understand groundwater 
flow and chemical transport. He has worked 
with the National Radiation Laboratory 
to use radon to investigate groundwater 
recharge from the Waimakariri River. He 
worked with Lee Burbery using smoke as 
a tracer to investigate the connectedness 
of open framework gravel channels. He 

has worked with Theo Sarris and Phil 
Abraham to investigate using heat to trace 
groundwater flow. 

Finally, Murray has been of great support 
to regional councils in helping understand 
and manage groundwater resources, be 
it microbial transport in Canterbury, 
denitrification in the Waikato, or seawater 
intrusion in Marlborough. Always focused on 
practical solutions, Murray is an innovative 
and impeccable researcher. 

2018: David Painter
Dr David Painter stands out for his intense 
commitment to water engineering and water 
resource management over a lengthy career. 
Born, raised and educated in Christchurch, 
David has had a long and varied career as a 
hydraulic, hydrologic and natural resources 
(especially water) professional engineer 
whose base discipline is fluid mechanics, with 
50 years’ experience in research, teaching 
and consulting in New Zealand and other 
countries. 

Following graduation with a PhD in 
Civil Engineering from the University of 
Canterbury in 1969, David took a role at 
the New Zealand Agricultural Engineering 
Institute as Research Officer, progressing 
to Senior Research Officer, and then 
Principal Research Officer in Soil and Water 
Engineering and Environmental Engineering. 
In 1982 David accepted a role as Senior 
Lecturer/Reader in the Natural Resources 
Engineering Department at Lincoln 
University, going on to head the department 
during 1989–91 and again in 1995–96. 

In 1997 David entered the world of 
consultancy, striking out on his own while 
maintaining strong links with both University 
of Canterbury and Lincoln University as a 
contract lecturer and as an Honorary Research 
Associate. David returned to academia in 
2002, holding the position of Associate 
Professor of Natural Resources Engineering 
in the Department of Civil Engineering at 
University of Canterbury until 2006. 
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David has carried out client consultancy 
and peer review on a wide range of projects 
including sewer mainline hydraulic design; 
irrigation demand estimation; wind erosion 
and irrigation in semi-arid areas; urban 
stormwater hydrology; water resources, 
hydrology and storage for a major irrigation 
project; stormwater pump station hydraulic 
performance; shallow groundwater levels and 
extremes; sedimentation and wetland ponds 
for a lake water quality problem; detention 
storage for stormwater management on a 
high country run; flood estimation for a 
highway bridge re-design; urban wastewater 
disposal options for a seaside tourist town; 
computational hydraulic modelling for river 
habitat enhancement; and a number of high-
level advice assignments related to water 
resources research and management. 

During his long career, David has been 
a staunch advocate for a multi-disciplinary 
approach to water resource engineering and 
management. This shone through in his 
decades of work supporting and maintaining 
the soil and water focus of agricultural 
engineering at Lincoln University and latterly 
with the civil engineers at the University of 
Canterbury. 

David has been a regular contributor to the 
Society’s annual symposia and contributor to, 
and reviewer for, the Journal. 

2011: Earl Bardsley
Associate Professor Earl Bardsley has dis-
tinguished himself at meetings and annual 
conferences of the New Zealand Hydrological 
Society by his insightful comments, support 
of new ideas, challenges to established theory, 
and vigorous debate on contentious issues. 
He is a leading intellectual of the Society.

His scientific publications have appeared 
regularly in leading international journals 
of the hydrological sciences field. He 
has challenged traditional and statistical 
approaches of assessing river flooding levels 
and offered new theories based upon physical 
processes and practical realities. His fields of 

expertise span broader hydrological science, 
with interests in both groundwater and 
surface water science. In fact, he has played 
a key role in integrating ground and surface 
water sciences in New Zealand, through 
being an expert in both fields and typically 
making incisive contributions to both areas.

Through his work at Waikato University, 
Earl has played a major role in contributing 
quality graduates and post-graduates to New 
Zealand hydrological science, water resources 
and hazard management.

In summary, Associate Professor Bardsley 
has made a significant contribution to the 
hydrological community in New Zealand 
and internationally. 

2011: Richard Ibbitt 
Dr Richard Ibbitt made significant con-
tributions to New Zealand and international 
hydrology in a career spanning 40 years. 
Richard arrived in New Zealand in 1970 after 
completing his undergraduate and doctoral 
studies, on calibration of catchment models, 
under the guidance of Professor Terence 
O’Donnell at Imperial College London. 
From 1970 to 1978 Richard worked with 
the Ministry of Works and Development 
at its Head Office in Wellington where he 
led a team that implemented hydrological 
data processing software on a mainframe 
computer and developed computerised office 
facilities for overseeing the routine data 
processing that led to production of the New 
Zealand Hydrological Archive. In essence, 
Richard laid the data foundation on which all 
of his subsequent hydrological modelling and 
analysis could be based.

During this time, Richard published 
several papers on his data processing work 
in the Journal. In 1978 Richard moved 
to Christchurch to take up the position 
of Group Leader, Hydrosystems, at the 
Ministry of Works and Development’s 
Hydrology Centre, where through to 1986 
he was responsible for 17 staff working 
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on catchment modelling, hydrological 
software development, development and 
implementation of data quality assurance 
techniques, low flow estimation and hydro-
logical instrument development.

In 1986 Richard became the Centre’s 
Research Group Leader, responsible for 
the research work of 17 scientists and 
10 technicians working on hydrological 
and hydraulic research topics including 
flood forecasting techniques, design 
flood estimation, hydrological software 
development, the stability of gravel bed 
rivers, characterisation of rivers for instream 
uses, groundwater modelling of aquifers, 
development of geophysical exploration 
techniques for use in groundwater 
investigation and development of biological 
tracing techniques for use in groundwater 
quality investigations.

In 1989, the Hydrology Centre was 
absorbed within the DSIR, and Richard 
became the Manager of the Centre providing 
leadership for 25–30 staff, for the 3 years 
before the Centre was moved into NIWA 
in 1992. In 1994 Richard left formal 
management duties behind, to return to his 
own hydrological interests and leadership of 
research programmes and projects.

Richard’s studies focused on better 
understanding and modelling of surface 
water processes, and he has played a key role 
in use and development of new catchment 
models, such as SHE, HYCEMOS and 
TOPNET. The development of TOPNET 
with Richard’s parameter estimation 
provided vertically and spatially distributed 
representations of catchment hydrological 
processes, and this is now used for purposes 
such as flood forecasting and water resources 
management. 

Richard is prolific at report writing and 
paper reviewing. His CV contains reference 
to hundreds of his reports, published papers 
(over 40), awards and presentations. He 
chaired the organising committee of the 

Society’s ‘Fresh Perspectives’ conference in 
2000. 

A highlight of Richard’s career has 
been his international work, particularly 
for UNESCO with his leadership of the 
International Hydrological Programme for 
the Southeast Asia region and involvement 
in the Asia-Pacific FRIEND project. Many 
national hydrological services within the 
region received direct leadership from 
Richard in establishing their hydrological 
networks and archives, data rescue, quality 
assurance, data interpretation, training, and 
developing flood forecasting systems. 

In 2011 Richard retired from NIWA after 
40 years of outstanding service to hydrology. 

Award for Achievement in  
Operational Hydrology 
In 2002, the Executive instigated an award 
to recognise outstanding contributions to 
operational hydrology. Recipients have been:

 • 2002: Jeff Watson
 • 2003: Dave Johnstone; Graeme Elley
 • 2007: Jim Price; Bob Curry
 • 2008: Doug McMillan
 • 2011: John Fenwick
 • 2014: Kathy Walter
 • 2015: Mike Ede
 • 2018: Mark Rodgers
 • 2019: Michael Cook
 • 2020: Marianne Watson

2020: Marianne Watson
Marianne Watson has played a significant 
role in the progression of New Zealand 
operational hydrology. She has been a major 
contributor to hydrological outputs in the 
Manawatu region, but more significantly, 
has been highly influential at a national level 
through her training courses, development 
of National Environmental Monitoring 
Standards (NEMS), contributions to software 
enhancements, and work on stage–discharge 
rating curve processes.
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Marianne commenced work with the 
Manawatu Catchment Board in 1982. 
At the local level she has been a tireless 
worker collecting, verifying and analysing 
environmental data, improving existing 
processes and developing new methodologies 
to allow data to flow from the field right 
through to completed reports and other 
outputs. 

Marianne was instrumental in a number of 
key advances at Horizons Regional Council 
that have benefited other organisations. She 
led the development and implementation 
of ISO9001 Quality Management System 
within the Council environment. This 
ensured an organisational culture of 
consistency, standardisation, and focused 
technical training and development at 
Horizons Regional Council. She has always 
fostered knowledge sharing and hard-won 
lessons were shared with other Councils. She 
also advocated for strong data management 
practices within environmental data teams 
across the country to ensure all information 
was preserved for future use.

Since 2001 much of the field hydrology 
training within New Zealand has been 
carried out by Marianne, or through courses 
under her direction. This has included topics 
such as hydrology basics, advanced gauging, 
data processing, rating curves, and electrical 
skills. She has built up a resource of training 
material which attendees are able to take 
back to their workplace as valuable reference 
material. The courses are an important 
mechanism to ensure skills are not lost from 
the industry, providing an advancement 
pathway for newer staff and allowing more 
experienced staff to refresh their abilities. 

Training provided by Marianne along 
with workplace-based in-house training has 
enabled trainees to develop and master the 
necessary skills to complete the Diploma in 
Field Hydrology. Marianne played a key role 
in the Diploma’s development, providing 
advice on technical aspects and also how the 

qualification might be structured to enable 
training to be carried out successfully.

Marianne has also contributed to the 
develop ment of time series software in  
New Zealand. She is one of the few people in 
New Zealand who has a good understanding 
of all the major hydrological time series 
software packages. Through user feedback, 
she was a significant contributor to the 
development of TIDEDA and then the 
Hilltop software suite.

Overall, Marianne has played an important 
role in the protection and advancement of 
operational hydrology skills in New Zealand.

2019: Michael Cook
Michael Cook has provided technological 
services and products to operational 
hydrology in New Zealand over the past 30 
years, which have significantly influenced 
how data have been physically collected 
and managed. Mike’s solutions are also 
commercially competitive and used on the 
global stage; this has contributed towards 
ensuring that New Zealand technical 
hydrology has international respect.

The following timeline demonstrates 
Mike’s achievements and influence on New 
Zealand operational hydrology. After five 
years of predominantly providing solutions 
for utilities such as sewage and stormwater 
applications iQuest (NZ) Limited was formed 
in 1998, which resulted in the DS4483 
datalogger being developed and deployed. 
Mike also recognised the opportunities 
associated with the emergence of the IP 
data packet technology GPRS on the 2G 
and 3G communications networks, which 
resulted in the HydroTel2000 telemetry 
software. HydroTel became the telemetry 
system of choice for most New Zealand 
monitoring agencies. Hardware products 
continued to be developed and integrated 
with HydroTel. Once HydroTel (combined 
with iRIS dataloggers) became established 
in Australia, KISTERS (an international 
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German company) became interested and 
purchased iQuest Solutions in 2008. Mike 
then continued as a Technical Advisor.

The products that Mike has developed 
are used by a wide customer base including 
regional councils charged with the 
responsibility to manage and report on New 
Zealand’s water resources, consent holders 
that use the water resources, and consultants 
and scientists. 

Keeping pace with changing technologies 
has been a challenge that Mike has embraced 
with passion and immense capability. Mike’s 
customer service has been exceptional 
with the attitude of trying to provide tools 
to improve operational hydrology. Mike’s 
ability to put himself in the customers’ shoes 
and interpret their requirements has been a  
key skill. The reputation of Mike’s products 
are of quality, robustness and reliability, 
which are a direct reflection of Mike and his 
considerable contribution to New Zealand 
operational hydrology.

2018: Mark Rodgers
Mark Rodgers has played a significant 
role in the advancement of New Zealand 
operational hydrology over the last 40 years. 
This includes notable developments such as 
converting Envirolab’s M311 tape readers to 
be used with early computers, his work on 
micro-TIDEDA, the creation of the Hilltop 
software suite, and most recently his work 
allowing datasets to be federated so they 
can be viewed as one. Some of this work is 
globally recognised. 

Mark attended Onslow College in 
Wellington, where he and a friend won a 
Science Fair award from the New Zealand 
Electricity Department (NZED). This led 
him to Canterbury University in 1974, 
where he studied for a Masters in Electrical 
Engineering and gained skills in computer 
programming. 

After working in NZED for several years 
he moved to the Water and Soil Division of 

the Ministry of Works and Development in 
Christchurch. One job he had was to construct 
an interface to enable rapid digitising of tape 
data, a task essential for transferring data to 
electronic format. Mark gradually moved 
from hardware to software and writing code 
for TIDEDA, the first mainframe computer 
system for storing hydrological data in  
New Zealand. 

Changes in computers from the PDP11 to 
the Altos gave Mark experience with writing 
software for different environments and he 
has worked to stay ahead and adapt software 
for new advances. Mark has always enjoyed 
the challenge of writing concise, fast software 
and this, along with the knowledge gleaned 
from his workmates, was put to good use in 
developing micro-TIDEDA, an adaptation of 
TIDEDA so that it could operate on micro-
computers. This software (and its predecessor, 
TIDEDA) was globally ahead of its time, and 
allowed operational hydrologists to control 
the quality of data, rather than this being 
carried out by a technician remote from the 
problems that field staff see and experience. 
This was a significant step forward for  
the industry. 

Mark spent time in Malaysia, Beijing and 
Papua New Guinea selling and installing 
micro-TIDEDA and teaching staff how 
to use the software. Being a teacher of 
hydrological software provided insights into 
user experience, workflow, simplicity and 
frustrations. 

Later, Mark began writing what became 
the Hilltop software suite. Hilltop was 
designed around a tree control and embraced 
a total storage solution, extending well 
beyond simple time series data. This enabled 
the users to access all their data (from water 
quality results to surveyed cross sections 
and profiles) within one environment. The 
new model also ensured that time series, 
inspections/observations and data quality 
were all connected and clearly visible to the 
users. It was key that micro-TIDEDA and 



65

Hilltop could talk to each other, the XML 
format being developed to ensure easy data 
transfer around the country. 

During the 1990s, Hilltop Software also 
developed the Aquitel software microbase 
and radio modems for observation sites that 
were in isolated spots, which enabled users 
to upgrade their aging Aquitels to modern, 
solid state dataloggers. Mark’s wife, Jo, 
helped with building these modems, 
sourcing all the parts and soldering them 
together. As the century wound down 
and Y2K approached, Mark implemented 
Hilltop Telemetry for organisations that 
needed to move from their at-risk OS2 
environments. Hilltop Telemetry evolved 
quickly to cater for numerous datalogger 
and telemetry options, including the 
introduction of multithreaded IP listening 
services, enabling remote IP hardware to 
push data that predated the ‘Internet of 
Things’ infrastructure by over a decade. 
The Hilltop Telemetry application has 
also helped organisations consume and 
consolidate water metering data via 
numerous communication media. 

Early development of Hilltop introduced 
open connectivity starting with VBA and 
Microsoft UDL and now caters for Python 
and R. Mark also extended the early concepts 
of PSIM (a simple simulation language for 
TIDEDA), introducing users to Virtual 
Measurements: a powerful tool for calculating 
measurements from existing data, which, 
importantly, do not require results to be 
written and stored before they can be used. 
He also developed a graphical rating editor, 
which has proved to be an excellent tool for 
viewing and editing the multi-dimensional 
complexities of rating curves. 

Hilltop has continued to evolve. Some of 
the new features are developed when users 
have ideas or problems to solve; Mark has 
always enjoyed working with his customers to 
ensure it is a ‘fit for purpose’ product and has 

supplied after hours support during emergency 
events to ensure his customers can provide the 
level of service required by the public. 

Mark Rodgers has played a unique role in 
helping to develop and sustain operational 
hydrology in New Zealand over the past four 
decades.

2015: Mike Ede
Mike commenced his career in ‘water’ at the 
Marlborough Catchment Board in 1985 
where he began work as an Engineering 
Cadet. After a couple of years, Mike moved 
to the ‘big city’ in 1987, taking up a position 
as Hydrology Technician with the Wellington 
Regional Water Board. His many talents were 
recognised by Wellington and he soon became 
Team Leader of the Hydrology unit. The 
delights of Marlborough became too much 
for Mike to resist and in 2000 he returned to 
Blenheim to join the Marlborough District 
Council, taking up a position as Hydrologist. 
Mike has remained in Marlborough where 
he is currently employed as Team Leader 
Environmental Monitoring, managing a 
team of five staff. 

He joined the Hydrological Society 
in 2000 and became one of the Society’s 
Executive members in 2006 and has been 
a key player in ensuring the successful 
organisation of many of the Society’s annual 
conferences. Since 2009 Mike has assumed 
the role of Treasurer. 

Mike has been a very active member of the 
Local Authority Environmental Monitoring 
Group (LAEMG) throughout most of 
his career, contributing to many national 
initiatives. Within LAEMG he has been one 
of the most active members contributing 
towards many of its successful projects, 
helping to ensure that operational hydrology 
is well linked up and that its members are 
focused on the strategic issues that confront 
New Zealand in many areas of water 
management as well as the technical issues 
associated with the acquisition of quality 
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data that will serve the nation now and into  
the future. 

Mike has also been a member of the Steering 
Group leading the development of the suite 
of NEMS. Without standardised methods 
for data acquisition and the application of 
those methods by all practitioners, much of 
the science undertaken by members of the 
Society, and other external data consumers, 
is of dubious value. Quality data that can 
be used with confidence is the underlying 
product which enables good hydrological 
science and water-related engineering to be 
carried out. 

In addition to his input into the Society, 
Mike has worked tirelessly to support 
improvements in operational hydrology 
through his work associated with the 
development of the New Zealand Diploma 
in Field Hydrology. This has been an on-
going commitment over many years and 
without Mike’s support and insightful input, 
this qualification would have struggled to 
reach fruition. 

The establishment of a Technical Branch 
of the Society was led by Mike and this 
branch provides a gateway for more active 
involvement in the Society by a large number 
of technicians who work in the industry.

2014: Kathy Walter
Kathy Walter started work as a hydrological 
data technician for the Ministry of Works 
and Development in Christchurch in 
February 1968. Kathy had a two-year over-
seas experience break at the end of 1972 
before returning at the end of 1974 to 
continue hydrological data management with 
the Ministry and subsequently DSIR in 1989 
and NIWA since 1992. 

Throughout Kathy’s career there have 
been significant changes in hydrological data 
processing and archiving. Kathy has been at 
the centre of these changes and operations, 
always working closely and cooperatively 
with colleagues within her own organisation, 
but more notably, across organisations such 

as catchment boards and regional and district 
councils, to the great benefit of New Zealand 
hydrology as a whole.

Kathy’s professional, prompt, accurate 
and friendly service in providing data and 
information about data to all stakeholders 
in New Zealand hydrology has been the 
hallmark of her career. She has worked with 
a range of software and data types and has 
been instrumental in raising the quality of 
hydrological data and data reporting and 
in the implementation of quality assurance. 
Kathy has produced at least published two 
versions of the New Zealand Hydrological  
Site Index.

Collection, archiving and use of 
hydrological data in New Zealand, since the 
establishment of the Hydrological Society 
in 1961 and the International Hydrological 
Decade in 1965, have been a key cornerstone 
to hydrology’s development in New Zealand. 
Kathy has been the main ‘data hub’ for 
accessing and disseminating hydrological 
data during this time. For over 40 years Kathy 
has demonstrated leadership and provided 
direction in the field of operational hydrology, 
and has made significant contributions to 
this area, both in New Zealand and overseas.

Kathy was the first female recipient of this 
award. In making this award it says something 
about the importance of the continuity and 
completeness of hydrologic data measurement 
to the science and practice of hydrology 
in New Zealand. In a sense Kathy is like a 
human ‘network of networks’ – she connects 
everyone together and communicates across 
the different observation networks, so that 
they are more than just separate observation 
systems but constitute an integrated system. 

2011: John Fenwick
John Fenwick has worked as a field hydrologist 
for the Ministry of Works and Development, 
DSIR and NIWA since January 1966. 
He started in Christchurch and was then 
deployed in Timaru, Greymouth and 
Murchison, before returning to Christchurch.



67

In the early days of his career John learned 
the craft of river hydrometry in the large 
and varied South Island rivers, by current 
meter gauging via wading and jet boat, and 
completing office data work such as updating 
stage–discharge rating curves. When based in 
Timaru, young John gained an unwarranted 
reputation for being responsible for a number 
of early career mistakes. When he moved 
to Greymouth as field party leader in the 
early 1970s, the excellence of his field work 
and data put paid to the earlier, erroneous, 
reputation and established him as already 
outstanding in his field. As a reflection of this, 
he led two summer hydrology and glaciology 
field surveys in the Dry Valley of Antarctica.

Later, on his return to Christchurch, 
John became National Hydrologist John 
Waugh’s ‘right-hand man’ as the senior field 
hydrologist for the country. He has remained 
more or less at the head of national field 
hydrology in one role or another ever since.  

With his attention to detail and eye for 
opportunities to improve the science of 
hydrometry, John has made a number of 
outstanding contributions to operational 
hydrology. These include building and 
communicating an extensive practical 
experience in field measurements, pioneering 
the use of Acoustic Doppler Current Profilers 
for river velocity measurements, quality 
assurance of hydrometric data including 
procedures for estimating uncertainties and 
enhancing accuracy, training of staff in general 
hydrology and data collection techniques and 
technologies, planning and management for 
a variety of projects relating to hydrological 
work in New Zealand and overseas, and the 
development and publication of field practice 
and safety manuals, as early as 1984. 

John has had extensive experience in 
all aspects of hydrometric data collection 
including running the national hydrometric 
network programme covering some 220 
stations and 14 field teams. As Group 
Manager, John had line management respon-

sibilities for six of the NIWA field teams 
in the South Island and, within this role, 
oversaw many data collection and related 
projects for energy companies, regional 
councils and other agencies.

John has carried out the role of overall 
Quality Manager for NIWA’s hydrometric, 
climate, instrument and air quality 
programmes since 1994, with many of the 
QA tasks including auditing, calibration and 
procedure updating carried out by delegated 
staff. Along with the other QA pioneers, 
Paul Mosley and Doug McMillan, John 
developed a number of the quality systems 
and functions and introduced these and other 
new technologies to hydrometric operations.

John also provided specialist technical 
training for overseas hydrologists, leading 
training courses in Fiji, Palau, Brunei and 
Singapore. He has also represented New 
Zealand on operational hydrological working 
groups for the World Meteorological 
Organization. 

For nearly 45 years John has demonstrated 
leadership and provided direction in the 
field of operational hydrology and has made 
significant contributions to this area, both in 
New Zealand and overseas. 

Service to the New Zealand  
Hydrological Society
In 2011 a new category of award was created: 
Service to the New Zealand Hydrological 
Society. The recipients – all in 2011 – have 
been:
• Lindsay and Jan Rowe (Secretary/

Treasurer; the first paid administrators of 
the Society)

• Paul White (President / Committee 
member)

• Charles Pearson (Committee member)
• Michael Stewart (Journal Editor / 

Committee member)
• Gillian Crowcroft (Committee member)
• Richard Hawke (Journal Editor)
• Eileen McSaveney (editing of Society 

Newsletter and the Journal )
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Society Officers update

AGM year President Secretary Treasurer Editor

1961 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1962 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1963 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1964 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1965 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1966 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1967 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1968 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1969 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1970 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1971 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1972 Kees Toebes Ian Simmers Ian Simmers Pat Grant

1973 Geoff Ridall Ian Simmers Ian Simmers Dave Murray

1974 Geoff Ridall Lew Wells Lew Wells Dave Murray

1975 Geoff Ridall Graeme Martin Graeme Martin Dave Murray

1976 Geoff Ridall Graeme Martin Graeme Martin Dave Murray

1977 John Hayward Graeme Martin Graeme Martin Dave Murray

1978 John Hayward Judy Lawrence Judy Lawrence Alistair McKerchar

1979 John Hayward Wayne Russell Wayne Russell Alistair McKerchar

1980 John Hayward Wayne Russell Wayne Russell Alistair McKerchar

1981 Graeme Martin Wayne Russell Wayne Russell Alistair McKerchar

1982 Graeme Martin Wayne Russell Wayne Russell Tim Davies

1983 Dave Murray Dave Brash Dave Brash Tim Davies

1984 Dave Murray Dave Brash Dave Brash Tim Davies

1985 Andy Pearce Dave Brash Dave Brash Tim Davies

1986 Andy Pearce Tony Dons Tony Dons Tim Davies

1987 Ian Owens Tony Dons Tony Dons Tim Davies

1988 Ian Owens Tony Dons Tony Dons Tim Davies

1989 Ian Owens Lindsay Rowe Lindsay Rowe Bob Spigel

1990 Paul Mosley Lindsay Rowe Lindsay Rowe Bob Spigel

Table 2 – Officers of the New Zealand Hydrological Society, 1961–2020
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AGM year President Secretary Treasurer Editor

1991 Paul Mosley Lindsay Rowe Lindsay Rowe Bob Spigel

1992 Paul Mosley Lindsay Rowe Lindsay Rowe Bob Spigel

1993 Paul Mosley Lindsay Rowe Lindsay Rowe Mike Stewart

1994 Paul Mosley Lindsay Rowe Lindsay Rowe Mike Stewart

1995 Paul Mosley Barry Fahey Lindsay Rowe Mike Stewart

1996 Andrew Fenemor Barry Fahey Lindsay Rowe Mike Stewart

1997 Andrew Fenemor Barry Fahey Lindsay Rowe Rick Jackson

1998 Andrew Fenemor Barry Fahey Lindsay Rowe Rick Jackson

1999 Andrew Fenemor Christina Robb Lindsay Rowe Mike Stewart

2000 Paul White Christina Robb Lindsay Rowe Mike Stewart

2001 Paul White Christina Robb Lindsay Rowe Paul Mosley

2002 Paul White Christina Robb Lindsay Rowe Paul Mosley

2003 Paul White Christina Robb Lindsay Rowe Richard Hawke

2004 Paul White Christina Robb Lindsay Rowe Richard Hawke

2005 Paul White Gil Zemansky Lindsay Rowe Richard Hawke

2006 Tim Davie Gil Zemansky Lindsay Rowe Richard Hawke

2007 Tim Davie Joseph Thomas Lindsay Rowe Richard Hawke

2008 Tim Davie Joseph Thomas Lindsay Rowe Richard Hawke

2009 Tim Davie Joseph Thomas Lindsay Rowe Richard Hawke

2010 Joseph Thomas Gil Zemansky Mike Ede Richard Hawke

2011 Joseph Thomas Gil Zemansky Mike Ede Richard Hawke

2012 Joseph Thomas Gil Zemansky Mike Ede Richard Hawke

2013 Joseph Thomas Gil Zemansky Mike Ede Richard Hawke

2014 Joseph Thomas Gil Zemansky Mike Ede Richard Hawke

2015 Joseph Thomas Raelene Mercer Mike Ede Richard Hawke

2016 Joseph Thomas Raelene Mercer Mike Ede Richard Hawke

2017 Joseph Thomas Raelene Mercer Mike Ede Richard Hawke

2018 Joseph Thomas Raelene Mercer Mike Ede Richard Hawke

2019 Joseph Thomas Raelene Mercer Mike Ede Richard Hawke

2020 Joseph Thomas Raelene Mercer Mike Ede Richard Hawke

Table 2 – continued
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Table 3 – Committee/Executive of the New Zealand Hydrological Society, 1961–2020

1961 Barry Morrissey; A. C. Hopkins; Herman Drost; Geoff Ridall; E. J. Speight

1962 Barry Morrissey; A. C. Hopkins; Herman Drost; Geoff Ridall; E. J. Speight

1963
Barry Morrissey; A. C. Hopkins; Joe Finkelstein; Geoff Ridall; Brian Douglas; Arved 
Raudkivi; E. J. Speight

1964 Barry Morrissey; A. C. Hopkins; Joe Finkelstein; Geoff Ridall; C. Warner; J. Darwin

1965 Barry Morrissey; A. C. Hopkins; Joe Finkelstein; Geoff Ridall; C. Warner; J. Darwin

1966
Barry Morrissey; A. C. Hopkins; Joe Finkelstein; Geoff Ridall; A. Pritchard;  
Gary Blake; J. Darwin

1967
Barry Morrissey; A. C. Hopkins; George Caddie; Jane Soons; Rick Jackson;  
Jack Coulter; A. Pritchard

1968
Barry Morrissey; A. C. Hopkins; George Caddie; Gary Blake; Rick Jackson;  
Jane Soons; Jack Coulter; A. Pritchard

1969
A. C. Hopkins; Rick Jackson; Gary Blake; Geoff Ridall; Jane Soons; Jack Coulter;  
A Pritchard

1970
John Hayward; Rick Jackson; Gary Blake; Geoff Ridall; Jane Soons; A. C. Hopkins; 
Jack Coulter; A. Pritchard

1971
John Hayward; Dave Murray; Gary Blake; Geoff Ridall; Herman Drost; Jane Soons; 
Jack Coulter; A. Pritchard

1972
John Hayward; Geoff Ridall; Dave Murray; Gary Blake; Herman Drost; Jane Soons; 
Jack Coulter; A. Pritchard

1973
John Hayward; Kees Toebes; Pat Grant; Gary Blake; Herman Drost; Jack Coulter;  
A. Pritchard

1974
John Hayward; Kees Toebes; Pat Grant; Gary Blake; Ian Simmers; M. Willcocks;  
Jack Coulter; A. Pritchard

1975
John Hayward; John Waugh; Jack Coulter; Ian Simmers; Pat Grant; A. Pritchard;  
M Willcocks

1976 John Hayward; John Waugh; Jack Coulter; Ian Simmers; C Hovey; M. Willcocks

1977
John Waugh; Geoff Ridall; Frank Scarf; Jack Coulter; Ian Simmers; C. Hovey;  
M. Willcocks

1978
John Waugh; Geoff Ridall; Frank Scarf; Jack Coulter; Dick Martin; Graeme Martin; 
Horace Freestone; Pete Smith (Co-opt)

1979
John Waugh; Paul Williams; Andy Pearce; Frank Scarf; Dick Martin; Graeme Martin; 
Horace Freestone

1980
John Waugh; Paul Williams; Andy Pearce; Frank Scarf; Brian Kouvelis (Knowles); 
Graeme Martin; Horace Freestone

1981
Maurice Duncan; Paul Williams; Andy Pearce; Hugh Thorpe;  
Brian Kouvelis (Knowles); Paul Mosley; Horace Freestone

1982
Maurice Duncan; Paul Williams; Andy Pearce; Hugh Thorpe; David Hamilton;  
Dave Murray; Horace Freestone
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1983
Maurice Duncan; Paul Williams; Andy Pearce; Hugh Thorpe; David Hamilton; 
Derek Goring; Horace Freestone

1984
Maurice Duncan; Paul Williams; Andy Pearce; Hugh Thorpe; David Hamilton; 
Derek Goring; Horace Freestone

1985
Maurice Duncan; Paul Dell; Tony Dons; John Waugh; David Hamilton;  
Derek Goring; Horace Freestone

1986
Maurice Duncan; Paul Dell; John Waugh; Dave Stewart; Barry Fahey;  
Horace Freestone; Dave Brash

1987
Maurice Duncan; Paul Mosley; Andrew Fenemor; Dave Stewart; Barry Fahey;  
Horace Freestone; Dave Brash

1988
Maurice Duncan; Paul Mosley; Andrew Fenemor; Dave Stewart; Barry Fahey;  
Horace Freestone; Lindsay Rowe

1989
Maurice Duncan; Paul Mosley; John Waugh; Andrew Fenemor; Dave Stewart; 
Barry Fahey; Horace Freestone

1990
Maurice Duncan; Mike Stewart; Andrew Fenemor; Jack McConchie; Barry Fahey; 
Horace Freestone; Earl Bardsley

1991
Maurice Duncan; Mike Stewart; Andrew Fenemor; Jack McConchie; Barry Fahey; 
Horace Freestone; Earl Bardsley

1992
Maurice Duncan; Mike Stewart; Andrew Fenemor; Jack McConchie; Barry Fahey; 
Horace Freestone; Earl Bardsley

1993
Maurice Duncan; Jim Price; Michelle Keyte; Andrew Fenemor; Jack McConchie; 
Barry Fahey; Horace Freestone

1994
Jim Price; Michelle Keyte; Andrew Fenemor; Jack McConchie; Paul White;  
Horace Freestone; Maria Greer

1995
Jim Price; Andrew Fenemor; Jack McConchie; Paul White; Horace Freestone;  
Maria Greer

1996
Gillian Crowcroft; Jim Price; Paul Mosley; Mark Stringfellow; Charles Pearson;  
Paul White (co-opt); Viv Smith

1997
Gillian Crowcroft; Mark Stringfellow; Paul Mosley; Charles Pearson; Paul White;  
Viv Smith

1998
Stephanie Bowis; Gillian Crowcroft; Bettina Anderson; Charles Pearson; Paul White; 
Viv Smith

1999
Stephanie Bowis; Paul White; Bettina Anderson; Charles Pearson; Gillian Crowcroft; 
Carolyn Ingles

2000
Martin Doyle; Richard Little; Bettina Anderson; Charles Pearson; Gillian Crowcroft; 
Carolyn Ingles

2001
Martin Doyle; Richard Little; Bettina Anderson; Charles Pearson; Gillian Crowcroft; 
Geoff Wood

2002
Martin Doyle; David Leong; Phoebe Loris; Charles Pearson; Gillian Crowcroft;  
Geoff Wood

Table 3 – continued
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2003
Martin Doyle; David Leong; Phoebe Loris; Charles Pearson; Gillian Crowcroft; 
Andrew Jones

2004
Graeme Horrell; David Leong; Lucy McKergow; Charles Pearson; Gillian Crowcroft; 
Andrew Thomas

2005
Graeme Horrell; David Leong; Lucy McKergow; Charles Pearson; Gillian Crowcroft; 
Joseph Thomas

2006
Paul White; Mike Ede; Lucy McKergow; Charles Pearson; Gillian Crowcroft;  
Joseph Thomas

2007 Paul White; Mike Ede; Lucy McKergow; Charles Pearson; Ed Brown; Jon Williamson

2008
Asaad Shamseldin; Mike Ede; Raelene Hurndell; Charles Pearson; Ed Brown;  
Jon Williamson

2009
Asaad Shamseldin; Mike Ede; Raelene Hurndell; Gil Zemansky; Ed Brown;  
Jon Williamson

2010
Ross Woods; Sam Trowsdale; Raelene Hurndell; Carl Steffens; Ed Brown;  
Jon Williamson

2011
Ross Woods; Sam Trowsdale; Raelene Hurndell; Carl Steffens; Ed Brown;  
Clare Houlbrooke

2012
Mike Thompson; Daniel Collins; Raelene Mercer; Ed Brown; Helen Rutter;  
Clare Houlbrooke

2013
Mike Thompson; Daniel Collins; Raelene Mercer; Ed Brown; Helen Rutter;  
Clare Houlbrooke

2014
Mike Thompson; MS Srinivasan; Raelene Mercer; Ed Brown; Helen Rutter;  
Clare Houlbrooke

2015
Mike Thompson; MS Srinivasan; Abigail Lovett; Helen Rutter; Sarah Mager;  
Clare Houlbrooke

2016
Mike Thompson; MS Srinivasan; Abigail Lovett; Helen Rutter; Sarah Mager;  
Clare Houlbrooke

2017
Mike Thompson; MS Srinivasan; Abigail Lovett; Helen Rutter; Sarah Mager;  
David Leong

2018
MS Srinivasan; Louise Weaver; Abigail Lovett; Helen Rutter; Sarah Mager;  
David Leong

2019
MS Srinivasan; Louise Weaver; Conny Tschritter; Helen Rutter; Sarah Mager;  
Adam Martin

2020
MS Srinivasan; Louise Weaver; Conny Tschritter; Helen Rutter; Sarah Mager;  
Adam Martin

Table 3 – continued
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Key developments over the last 
ten years
Technical workshops
A fundamental change for the Society in the 
last decade or so has been the development 
of the Hydrological Society Technical 
Workshops. These workshops provide 
opportunities for field technicians and 
industry suppliers to network, learn from 
each other and promote their products 
to representatives from all over New 
Zealand. More specifically, they encourage 
participation from local government, crown 
research agencies, water utility providers, 
hydropower generators, private industry 
groups and others. All practitioners with an 
interest in the profession of environmental 
monitoring are involved. It is an opportunity 
for field technicians to gather and learn 
more about their profession as well as share 
knowledge and experiences from their 
working environment or projects they may 
be involved in. Besides paper presentation 
and workshop sessions, annual gauging 
‘regattas’ are held as a field day. The regattas 
are an opportunity for organisations to 
validate their gauging instruments in the field 
with those of other organisations. There are 
also opportunities for sponsors/exhibitors 
to demonstrate the use of their monitoring 
equipment while on site.

Technical workshops during the Society’s 
sixth decade were:

2012  ‘ Change and improvement 
in operational hydrology’ 
(Nelson) 

2013  ‘ Where have we come from, and 
where are we going?’ (Palmerston 
North)

2014  ‘ Managing new technologies and 
methods’ (New Plymouth)

2015 ‘  Exchanging information and data 
dissemination’ (Greymouth)

2016  ‘ Meeting changing expectations’ 
(Gisborne)

2017 ‘ Are you making a difference in 
field hydrology?’ (Dunedin)

2018  ‘ Discover the real dirt in hydrology’ 
(Palmerston North)

2019  ‘ Water quality monitoring for the 
future’ (Blenheim)

2020  ‘ The future of surface velocity 
measurement’ (Tauranga)

2021  ‘ Rising to new challenges 
& changing conditions’ 
(Christchurch)

New Zealand Diploma in Field Hydrology
For many years, training and development 
for field hydrologists was largely on-the-job, 
supported by some short courses. There was 
little or no official recognition of the skills 
and/or competency level of field hydrologists 
completing this style of training.

A cross-sector working group was formed 
in 2010 consisting of John Fenwick, Barry 
Waugh, Pete Davis, Phil Downes, Phil White 
and Mike Ede. This group worked with the 
Primary Industry Training Organisation and 
were successful in getting the New Zealand 
Diploma in Field Hydrology registered on 
the New Zealand Qualification Authority 
Framework in 2014. The diploma is at Level 5  
on the framework and consists of 8 unit 
standards totalling 140 credits. It is achieved 
through on-job training supplemented 
by off-job courses, as before, but is now 
supported by workplace-based assessments 
against unit standards by industry-based 
assessors and is normally achieved over a two-
year programme.

The initial industry-based assessors were 
the sector working group, but due to the 
retirement of both John Fenwick and Barry 
Waugh two further assessors (Evan Baddock 
and Matt Hope) were trained and added to 
the group.

The purpose of this qualification is to 
recognise the skills and knowledge required to 
collect and manage hydrometric information 
in a range of field situations, and to 
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interpret and make the data available to key 
stakeholders. Graduates of this qualification 
can be employed as hydrology technicians or 
environmental monitoring officers in regional 
councils, crown research agencies or private 
sector organisations involved in management 
of freshwater. 

Since the introduction of the diploma we 
now have more than 40 graduates and more 
than 20 in training.

Symposia
The Society has run an annual conference 
since 1961. The location, theme and 
partners of conferences during the last ten 
years are listed in Table 4 and the locations 
of all conferences since 1961 are shown in  
Figure 16.

Table 4 – New Zealand Hydrological Society symposia, 2011–21

Year Location Theme Partner(s)

2011 Wellington Learning from the past, Creating 
the future (50th Jubilee)

2012 Nelson Water: know your limits

2013 Palmerston North Water and Weather: Solutions for 
health, wealth and Environment

Meteorological Society of NZ

2014 Marlborough Integration: The Final Frontier NZ Freshwater Sciences Society 
and IPENZ Rivers Group

2015 Hamilton From Data to Knowledge

2016 Queenstown Water, Infrastructure and the 
Environment

Engineers Australia and IPENZ 
Rivers Group NZ

2017 Napier Filling the Knowledge Reservoir

2018 Christchurch The Hydrological Cycle in 
Changing Times

Meteorological Society of NZ

2019 Rotorua Water: Above, below and beyond

2020 Invercargill Weathering the Storm NZ Freshwater Sciences Society 
and IPENZ Rivers Group
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Figure 16 – Location of all New Zealand Hydrological Society conferences, 1961–2021
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Administration
Administration support of the Society has 
moved from being managed by the volunteer 
Executive team is now professionally 
handled by a service contract with an outside 
provider. A more regular electronic newsletter 
is now published with frequent updates on 
activities and events. The administration and 
IT support is enabling us to provide ‘virtual’ 
options for our workshops and conferences.

The Society website has had a major 
upgrade. We now load conference/workshop 
papers and presentations onto our website 
and provide access to the Society’s Journal.

Publications
The Journal of Hydrology (NZ) has endured 
and is a twice-yearly publication. Our long- 
standing Editor, Richard Hawke, is to be 
acknowledged for his sterling efforts over the 
years. While printed copies of the Journal 
are still sent to all members it is also now 
available online from the Society website.

In 2021 Barry Fahey published a paper (on 
the hydrological impacts of forest harvesting 
in Glendhu). At the time Barry was 80 and 
his paper adds to a long publication record; 
his first paper in the Journal was in 1964.

In the last 10 years the Journal has  
published a number of special issues, which 
build on earlier special issues: Hicks and 
Hawke (2020) ‘Sediment Transport in 
New Zealand’; volume 56(2) 2017, which 
contained papers from the 2016 ‘Water, 
Infrastructure and the Environment’ 
conference; and Carson and Brierley (2011) 
‘Sediment flux, morphology and river 
management’.

Our previous newsletter, Current, is now 
published electronically as E-Current, twice 
yearly. The move to an electronic version has 
been very successful with increasing numbers 
of articles submitted for inclusion.

A major publication during the last ten 
years was Advances in New Zealand Freshwater 
Science in 2016. This book was a joint 

publication with the Freshwater Sciences 
Society of New Zealand and was a result of 
significant effort by many people.

Scholarships and grants
The New Zealand Hydrological Society has 
been proactively supporting its members, 
specifically student members, by providing 
funds to support hydrology projects and 
conference travels. Annually, the Society sets 
aside $10,000 to support student travel and 
projects. Over the last decade, the Society has 
distributed approximately $100,000 to more 
than 50 members (90% of them students) 
as project grants and travel awards. Reports 
from recipients are regularly published in 
E-Current. In addition to these grants and 
awards, the Society awards free conference 
registration to the annual conference. 
Annually, up to three students are awarded 
the conference registration grant.

Over the coming decade, the Society has 
pledged to continue its support to project 
grants and travel awards. Specifically, the 
Society is keen to upskill student members 
and help them build their professional 
network.

Kees Toebes Scholarship
In 2016, with generous contributions from 
Prof. David Maidment (Hussein M. Alharthy 
Centennial Chair at the Department of Civil 
Engineering, University of Texas at Austin, 
United States) and Mr. Justin Toebes (son 
of Dr Kees Toebes, Founder/President of 
the New Zealand Hydrological Society), we 
established the Kees Toebes scholarship to 
support NZHS members to attend speciality 
hydrological courses. The scholarship 
recipients thus far are Josephine Cairns 
(Otago University), Lauren Carter (Victoria 
University of Wellington), Daniel Marc dela 
Torre (University of Auckland) and Amy 
Lennard (Horizons Regional Council).

Dr Cornelis (Kees) Toebes was a pioneering 
hydrologist. Born in the Netherlands in 
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1925, Kees moved to New Zealand in 1951. 
In 1954 he established Northland Hydraulic 
Survey of the Ministry of Works and 
Development at Whangārei. His first major 
New Zealand paper – ‘Streamflow: poly-
dimensional treatment of variable factors 
affecting the velocity in alluvial streams and 
rivers’ – won him the Manby Premium award 
from the Institution of Civil Engineers, 
London. In 1960, he moved to the office of 
the Ministry of Works at Wellington, where 
he subsequently became the Chief Scientific 
Hydrologist of the Water and Soil Division. 
During his time at the Ministry he made 
significant contributions to the Handbook of 
Hydrology and to the two volumes of Applied 
Hydrology.

On 25 August 1961 the New Zealand 
Hydrological Society was formed and Toebes 
was made its first president. Mr Justin 
Toebes, the eldest son of Toebes, remembers, 
“I do not know if this is the real story, but the 
story in the family was that the New Zealand 
Hydrological Society was formed in 1961 in 
the living room of the state house that we 
were then living in, in Linden, Wellington. 
We are very pleased to see how strong, and 
relevant, the Society has become.”

After leaving the Ministry of Works and 
Development in 1974, Toebes joined the 
Wellington office of Tonkin & Taylor, for 
whom he worked extensively in Malaysia. 
While in Malaysia, he was instrumental 
in establishing the Malaysian national 
hydrological organization and the Kelantan 
River basin project. In 1975, at the age of 
50, Toebes passed away suddenly in Aswan, 
when he was on a visit to Egypt.

In 1979, the NZHS dedicated the book 
Physical Hydrology: New Zealand Experience 
to the memory of Toebes. In August 2016, 
Prof David Maidment (a long-standing 
member) approached our Society with an idea 
of establishing a scholarship under Toebes’ 
name. Prof. Maidment has been working 

closely with Prof. Albert van Dijk, Chair of 
the Australian Water and Energy Exchange 
Research Initiative at the Australian National 
University. Prof van Dijk has been running 
an intensive hydrology course for Australian 
students through the summer institute (see 
more at http://ozewex.org). This prestigious 
event offers up to 14 of the best students 
in Australia a unique opportunity to work 
closely with peers and experts from academia 
and government agencies to enhance climate 
and water information and its practical 
applications. For the first time, this course 
has been opened up for New Zealand 
students. Professors Maidment and van Dijk,  
Mr Justin Toebes, and NZHS have joined 
hands to fully fund two New Zealand students 
per year to attend the summer institute.

Cornelis Toebes, 1925–75

Photo credit and source of material  
on Kees Toebes: Murray and Ackroyd (1979)

International activity of the  
New Zealand Hydrological 
Society
UNESCO: IHP and WMO
New Zealand has been an active member 
of what was set up as the UNESCO 
International Hydrological Programme 
(IHP) since the 1960s. The early days of 
the International Hydrological Decade and 
IHP coincided with an expansionary phase 
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of New Zealand hydrology, when substantial 
investment in large infrastructure such as 
hydro-electric power schemes were made.

In the 1980s, owing to rapid economic 
and government changes, New Zealand’s 
role in IHP was limited. Nevertheless, IHP 
documentation was helpful in benchmarking 
our hydrological activities with those of 
the rest of the world and, in particular, 
introducing data telemetry. With the 
resurgence of IHP activity in Southeast Asia 
in the 1990s, New Zealand attendance at 
IHP’s annual Regional Steering Committee 
(RSC) meetings for Southeast Asia and the 
Pacific (and now Asia-Pacific) has become 
a regular feature. New Zealand chaired the 
RSC and hosted the 2000 RSC meeting in 
Christchurch.

Between 1997 and 2014, New Zealand 
contributed to the first five volumes of the 
Catalogue of Rivers, including leading the 
fourth volume. During this period New 
Zealand, with support from Japan, played 
a key role in technical projects on extreme 
rainfall and flood design methods.

The content of the latest IHP Phase VIII 
(2014–21) is relevant and consistent with 
the New Zealand government’s renewed 
engagement with water infrastructure 
development and management and a focus 
on good infrastructure practices. The 
Strategic Plan for the ninth phase of the (now 
renamed) Intergovernmental Hydrological 
Programme (IHP-IX), covering 2022–29, 
identifies key water priority areas to support 
Member States to achieve Agenda 2030 
and the Sustainable Development Goals, 
especially water-related goals and other 
water-related global agendas, such as the 
Paris agreement on climate change, Sendai 
Framework on Disaster Risk Reduction and 
the New Urban Agenda.

Integrated water resource management 
(IWRM), integrated catchment management 
(ICM) and ecohydrology approaches are 
central to programmes such as the Canterbury 
Water Management Strategy, which focuses 
on achieving desired outcomes at scale rather 
than effects of individual developments. 
New Zealand contributed to the design 
and implementation of UNESCO’s HELP 
(Hydrology for the Environment, Life and 
Policy) programme15 to improve the links 
between hydrology and the needs of society. 
The Motueka catchment and its ICM 
research became one of seven global HELP 
demonstration catchments (Fenemor et al., 
2011). New Zealand support for the HELP 
programme included organising the 2005 
Pacific HELP symposium held in Nelson16, 
co-design of the Australasian HELP agenda 
in Wagga Wagga 2007, support and twin-
basin exchanges with the UNESCO Centre 
for Water Law and Policy in Dundee, and 
sharing of ICM conceptualisation through 
the World Water Forums in Tokyo and 
Mexico, and online Erasmus Mundi post-
graduate courses.

Re-engagement by New Zealand central 
government agencies with UNESCO 
programmes, particularly with a partnership 
with indigenous people, would be of 
international significance and consistent with 
UNESCO’s mission ‘… to contribute to the 
building of a culture of peace, the eradication 
of poverty, sustainable development and 
intercultural dialogue through education, 
the sciences, culture, communication and 
information’.

New Zealand Hydrological Society 
members continued to provide important 
hydrological input and direction to the World 
Meteorological Organization (WMO), 
another key United Nations hydrological 

15  https://en.unesco.org/themes/water-security/hydrology/programmes/help
16  https://icm.landcareresearch.co.nz/
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agency, based in Geneva. NZHS members, 
notably from MetService, Ministry of Works 
and Development and NIWA, have provided 
meteorological and hydrological expertise to 
the WMO, such as writing operational guides 
to hydrological, meteorological and climate 
practices, hydrological field safety manuals 
and frameworks for national hydrological 
services, to name a few initiatives. The 
members have taken up roles to assist 
operational hydrology across other countries 
and projects within other countries. Primary 
examples over the last ten years have been 
New Zealanders continuing to lead a national 
operational hydrology group for the WMO’s 
Southeast Asia–Western Pacific region and 
contributing to hydrological forecasting 
initiatives in Africa and Fiji.  

Australian Hydrographers Association
Since the revitalisation of the Australian 
Hydrographers Association (AHA) in 2000 
field hydrologists from New Zealand have 
been regular attendees and presenters at the 
AHA conferences that are held every two 
years; typically, there are around 10–12 New 
Zealanders in attendance. Members of the 
AHA have participated in both our annual 
symposium and technical workshops.

Building on this informal arrangement a 
memorandum of understanding (MOU) was 
signed in March 2017 between the AHA and 
NZHS. The MOU will provide benefits to 
members of both associations:
• Each association recognises the other as 

the legitimate authority of hydrography in 
its jurisdiction;

• Each association offers benefits to members 
of the other association at member rate;

• Each association will maintain a 
professional certification program; benefits 
are transferable if a member transfers to 
‘across the ditch’;

• The associations will exchange training 
material;

• Each association will continue to offer 
free registrations to winners of agreed 
conference presentations. 

Generally, the best presenter from the NZHS 
Technical Workshop has then attended the 
AHA conference (supported by Envco), and 
the winner of the Alex Miller Award at the 
AHA Conference is given an invitation to 
present at the NZHS Technical Workshop.

Korean Water Resource Association 
(KWRA)
The association between the NZHS and the 
KWRA started in about 2006 with the then 
President of NZHS, Paul White, setting up an 
MOU for scientific collaboration/exchange 
with the KWRA. The first MOU was signed 
in Wellington in 2007 by Tim Davie who 
was then president. The collaboration has 
progressed with several updated MOUs. 
Numerous NZHS members have travelled 
to Korea for the KWRA conferences and in 
return KWRA members have travelled to 
NZHS conferences. The MOU also enabled a 
joint NZHS/KWRA Journal edition as well as 
enabling technical and academic interactions 
with KWRA either through its members 
or some research agencies. The last MOU 
expired in May 2020 and due to Covid-19 
pandemic has not been able to be reviewed/
renewed. With travel restrictions around the 
globe, an International Water Conference 
organised by the KWRA for May/June 
2020 did not proceed. The relationship with 
the KWRA has been positive by bringing 
a different aspect to various hydrological  
issues we tackle in New Zealand. We await 
a post-Covid-19 world to see how this 
relationship progresses.

The next ten years
The New Zealand Hydrological Society will 
evolve over the next ten years with greater use 
of online communication and technological 
improvements helping enhance the Society’s 
services to members, its administration and 
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publications. Society membership numbers 
may increase slightly, due to the increasing 
demands on the hydrological sciences and 
career opportunities driven by legislation 
and Society’s keen interest in water. The 
Society’s annual conference will continue 
to be a focus event for the membership. 
While virtual conferencing options may 
improve it is unlikely to reduce the desire 
of members to meet and network with 
fellow hydrologists. The Society’s technical 
workshops will also take significance with the 
tremendous improvements and availability 
of new technology in monitoring and data 
storage and management. There will be 
greater demand and greater opportunities for 

specialist skills in the array of hydrological 
fields. Greater interest and opportunities for 
hydrological education/training will occur 
and the Society will have a role to play in 
encouraging, promoting and sponsoring 
young hydrologists. More affordable 
education and training options will arise 
through virtual systems both from within 
and outside the country.

So, the next ten years will be a time when 
technology will enhance opportunities in 
the water sciences and help contribute to 
improved management of the nation’s water 
resources. The New Zealand Hydrological 
Society and its members will continue to play 
a key role in this.
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Manaaki Whenua – Landcare Research 
[MWLR] infiltrometer in action in 
Southland; Smart phone interface 
with real time data visualisation as 
time series of infiltration rate, total 
infiltration and moisture content; 
MWLR smart phone app.
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left: Rakaia Gorge SH77 Bridge – 
1030 on 28 December 2010.  
The highest flow on record 
(reported as 5,736 m3/s at the 
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