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Background
• Concerns about lake health from 

community, galvanised by 

chlorophyll-a trends
• 2022 WAI Wānaka summary report 

• PCE wrote to ORC in 2022 enquiring 

about lake management 
• 2022 PCE Letter

• In response, ORC supported creation 

of a multi-agency Technical Advisory 

Group (TAG)
• 2022 ORC Response

• TAG programme is supplementary to 

existing science, monitoring, 

compliance, catchment, and policy 

work undertaken in Upper Lakes area.
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https://waiwanaka.nz/wp-content/uploads/2022/11/Understanding-and-protecting-Otagos-deepwater-lakes.pdf
https://waiwanaka.nz/wp-content/uploads/2022/11/Understanding-and-protecting-Otagos-deepwater-lakes.pdf
https://pce.parliament.nz/media/glyhwpd4/pce-letter-to-orc-re-deepwater-alpine-lakes-11222.pdf
https://pce.parliament.nz/media/glyhwpd4/pce-letter-to-orc-re-deepwater-alpine-lakes-11222.pdf
https://pce.parliament.nz/media/qsfb0x5z/orc-response-letter-to-pce-regarding-deepwater-mountain-lakes-61222.pdf
https://pce.parliament.nz/media/qsfb0x5z/orc-response-letter-to-pce-regarding-deepwater-mountain-lakes-61222.pdf


Purpose and Structure

Reports to Otago Deep Water Lakes Management 

Working Group with wide representation

•  Councillors, mana whenua, WAI Wānaka, DoC, 

MfE, ORC CE

Defined Terms of Reference:

• Otago’s three deep lakes

• Identify key research questions

• Develop a coordinated research programme 

to inform evidence based management

Parallels with Bay of Plenty and Waikato 

Regional Council supported lake programmes
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TAG Membership
Currently 16 members:

• ORC Science staff, University of Otago 

and Waikato, Earth Sciences NZ, 

Bioeconomy Science Institute, DoC, 

MfE, Wai Wānaka, consultants, Env. 

Southland 

Broad mix of technical backgrounds in lake 

science, ecology, land use, hydrodynamics, 

economics, water quality,  catchment 

processes, modelling, decision making 

science and stakeholder engagement
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Progress to Date
• TAG formed in April 2024

• ~Monthly online meetings, with 

two in-person workshops

Two reports to Council

• Information review and 
knowledge gaps (Dec 2024)

• Environmental Science and Policy Committee, page 90

• Potential research proposals 
(June 2025)

• Science and Resilience Committee, page 8
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https://www.orc.govt.nz/media/eb4abazs/20241204-environmental-science-policy-agenda.pdf
https://www.orc.govt.nz/media/eb4abazs/20241204-environmental-science-policy-agenda.pdf
https://www.orc.govt.nz/media/vcph1d3v/20250604-sr-agenda.pdf
https://www.orc.govt.nz/media/vcph1d3v/20250604-sr-agenda.pdf


Review and Gap Analysis

• The TAG reviewed existing 
monitoring, research, datasets, 
models and local knowledge to 
assess whether the current 
evidence base was sufficient for 
long-term lake management
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Review 
and Gap 
Analysis
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Review and 
Gap Analysis

• Key questions that emerged from 
the review:



How the 
knowledge
gaps are 
interconnected
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Proposal Development

• Three proposals developed to 

address recognised knowledge gaps

• Proposals ranging from $2m to 

$20m over ~10 year period

• Different levels of understanding at 

different investment levels
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All proposals assume that ORC 
continues with the existing level of 

monitoring, and the costed investment 
would be in addition to current lake 

monitoring and science programmes
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Enables proactive evidence-based management through

• focussing on collecting data to inform modelling & minimizing uncertainty

• generating high level of understanding of all three lakes (Wānaka, Whakatipu, Hāwea)

It entails:

• Significant increase in monitoring of lakes and inflowing rivers

• Intensive study of food webs and ecological processes

• Comprehensive lakes history plus detailed history of catchment land use

Some limitations:

• Ambitious to fully link food webs and physical modelling -  assumptions will be used to 

integrate biology into the models

Proposal 1 –Substantial knowledge acquisition 
($20 Million over 10 years)
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Provides evidence base for management with higher uncertainty than Proposal 1 by

• Reducing extent/number of monitored parameters

AND/OR

• Focussing on only one or two lakes

It entails:

• Using modelled climate data rather than field measurements

• Using understanding from one lake or catchment to apply it to another

• Assuming Otago’s deep lakes function like other studied deep lakes

Some limitations

• Unlikely to investigate drivers of productivity and food webs of all three lakes

Proposal 2 –Moderate knowledge acquisition 
($7-12 Million over 10 years)



Informs reactive lake management through

• Relying on expert judgement and/or literature reviews to build knowledge 

(compared to locally collected data)

• Identifying trends rather than predicting lake response to catchment and 

climatic changes

It entails:

• Some additional monitoring to ORC´s existing programme

• One-off studies and analysing pre-existing datasets

Some limitations:

• Not possible to get comprehensive understanding of physical and ecological 

processes 

• Restricted ability to predict changes in water quality in context of climate and 

land use changes 13

Proposal 3 –Incremental knowledge acquisition 
($2.5 Million over 10 years)
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Proposal 
Development
• Three proposals presented to 

Council in June 2025

• Council requested further 

work on a proposal at the 

$20m level
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Final Proposal

• TAG reporting back to Council in 
July 2026 

• Currently refining a comprehensive 
~10-year research and monitoring 
plan

• If Council agrees to proceed, will 
require formal consultation process 
for funding

• Full programme implementation 
will likely require co-funding 
beyond ORC
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Five Focus Areas
Refined from earlier reports

• Lake budgets

• Fundamental physical and 

ecological lake processes

• Catchment history and future 

scenarios

• Mātauraka Māori 

• Decision support and community 

engagement
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Lake Budgets
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What: Quantifying the input, output and internal 

behaviour of key physical and chemical components of 

the lake system, including water, heat, oxygen, 

nutrients and sediment.

How: Expanded monitoring of stream inflows (incl. high 

flow), rainfall, in-lake measurements. Measuring 

atmospheric deposition, climate stations, direct lake 

bed measurements

Why: Critical for understanding lake behaviour, lake and 

catchment connection, lake response to stressors, and 

scenario testing.



Physics and Water Chemistry
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What: Targeted physical measurements, 

development of three-dimensional hydrodynamic 

models, and water quality modelling

How: Water column profile measurements, 

moored instruments for currents. Develop 3-D 

hydrodynamic models for lake mixing, 

stratification

Why: Assess connectivity within lakes, transport 

paths, required for land/climate scenario testing, 

biosecurity risk assessments
Example model for Lake Wanaka - ESNZ



Ecology, Productivity, Foodwebs
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What: Workstream to understand ecological processes, foodwebs, 

nutrient bioavailability, biomass hotspots, and identify ecological 

tipping points

How: Targeted research studies on key ecological processes and 

relationships, development of methods to analyse algae/nutrient 

relationships, isotope tracing, biomass surveys, assessing ecological 

changes from current and future invasive species (e.g., lake snow, 

weeds)

Why: Key lake values (clarity, algae blooms, fish stocks) governed by 

ecological processes, predicting minimising/impact of invasives, 

understand lake ecological response to stress (e.g., nutrients/climate 

change)

Submerged plant surveys



Catchment History and Future
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What: Reconstructing how the lakes have changed over time (~1,000 yr), 

quantifying the effects of changes in land use and land cover, and 

developing potential future climate and land use development scenarios

How: Analysis of sediment cores from lake bed, reconstructing catchment 

land use change from historic records. Input climate and development 

scenarios into lake hydrodynamic and water quality models

Why: Place current lake conditions and trends in context, establish historic 

catchment nutrient load, quantify time lags, predict effect of plausible 

future scenarios

Wanaka Sediment

core



Mātauraka Māori
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What: Understanding rich source of mana whenua knowledge and observations of 
lake history, behaviour, species, and Mahika kai. Importance of migratory eels and 
effects of dams.

How: Collating existing mātauraka Māori for the area to the extent and in a format 
agreeable to mana whenua. Developing a cultural monitoring programme to 
complement the technical workstreams.

Why: Mātauraka Māori remains a critical knowledge gap that can increase 
understanding for how lakes have changed over centuries and puts emerging lake 
conditions into context. Disruption to eel migration having an unknown effect on 
populations and lake conditions.



Knowledge Integration, Decision Support 
System and Community Engagement
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What: Workstream to develop a Decision Support Framework (DSF) to support decision 
makers to implement programme outputs/findings. Public awareness of lake 
health/fragility and programme outputs.

How: DSF integrates diverse knowledge streams across the research programme into a 
decision-relevant whole – what does all this information mean – how to interpret it? 
Targeted programme reporting for local communities.

Why: Building an evidence-based integrated and adaptive approach to environmental 
governance rather than treating scientific disciplines, policy processes, cultural values 
and community perspectives separately. Increased community awareness builds 
understanding/support for future management challenges.



High-Level Programme Sequence
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1. Monitoring the initial priority - augmented river, atmospheric and lake 

measurements enabling the creation of budgets for the lakes. 

2. Budgets are used to develop 3D lake models which, paired with catchment 

nutrient and hydrological models, help understand lake dynamics and water 

quality. 

3. Parallel workstream of monitoring and experiments focus on lake ecology and 

food webs. 

4. Both the physical and ecological work will allow for scenario testing (e.g., how 

does the lake respond to a predicted environmental change?)

5. Provides the evidence base for decision making processes to enable suitable 

management regimes for the lakes and their catchments.

Based around consistent funding of ~$2M/yr over ten years
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Prioritising Informed Management
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The proposed package of work aims to provide a sound, evidentiary basis to inform 

future lake management by:

• Substantially improve our understanding of the fundamental physical and biological 

processes in the lakes

• Placing the current state of the lakes within the context of their historical, natural 

ranges of variation

• Identifying when observed changes are of material concern for lake values

• Anticipating future lake responses to realistic changes in stressor levels due to 

climate, land use, and ecological disruption (e.g., invasive species)

• Enable early identification of risks to the lakes (e.g., the likelihood of the existence of 

ecological tipping points) where a rapid management response may be appropriate 



Prioritising Informed Management
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The type of management decisions the programme could inform 

include:

• Levels of catchment nutrient loads that could adversely affect 

the lakes

• Underpin controls on catchment land use or development to 

minimise risk to the lakes

• The best approaches to managing invasive species

• Appropriate adaptations to predicted changes in lake condition 

or behaviour (e.g., due to climate changes, delayed responses 

from existing stressors)



Next Steps
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• Paper to Council in July seeking endorsement 

• If supported, build into LTP consultation process

• Staff to continue to seek funding and support from potential programme 

partners such as Government agencies, Research Institutes, Universities and 

other organisations



Thanks to:

Marc Schallenberg (Univ. Otago) 

Phil Novis (BSI)

Ben Youngman (Wai Wānaka)

Deniz Özkundakci (Univ. Waikato)

David Plew (ESNZ)

Aidin Jabbari (ESNZ)

Clive Howard-Williams (ESNZ)

Richard Williams (ESNZ)

Craig Woodward (Dept of Conservation)

Kohji Muraoka (MfE)

Dean Olsen (Freestone Freshwater)

Mark Crawford (ORC)

Simone Langhans (ORC)

Jason Augspurger (ORC)

Hugo Borges (ORC)

Ash Rabel (Env. Southland)

Sandra McIntyre and Korako Edwards 
(Aukaha)
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