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ABSTRACT 

A two day workshop on groundwater - surface water (GW-SW) interaction was held at 
Museum of New Zealand Te Papa Tongarewa, Wellington from 31 August – 1 September, 
2015. The workshop was convened by GNS Science and was an output of the GNS Science-
led Smart Aquifer Characterisation (SAC) MBIE funded contestable research programme. 
The workshop was delivered on behalf of the Groundwater Alliance and included 
contributions from Aqualinc Research, Auckland Council, Environment Southland, 
Environmental and Scientific Research, Horizons, Lincoln Agritech, Ministry for the 
Environment, National Institute for Water and Atmospheric Research, Pattle Delamore 
Partners, and University of Waikato. The workshop was attended by 64 participants studying 
or working in the areas of freshwater science and policy at the national and regional scales.  

The aim of the workshop was to increase knowledge base, and stimulate exchange of ideas 
between research organisations and policy staff via dissemination of research results in an 
interactive environment. A workshop environment was selected as it provided the best 
opportunities for sharing of knowledge, and because stakeholders had identified workshops 
as the preferred method for dissemination of research results during the New Zealand 
Hydrological Society annual conference in Wellington, 2012. Session topics covered 
important aspects of GW-SW interaction in New Zealand including: field methods; modelling; 
uncertainty; water budgets; and policy. The intent was for the workshop to follow an 
Interactive Skills Workshop format; however some sessions were given in a conference 
format at the preference of individual session facilitators. Sessions involved: discussions and 
reporting in revolving sub-groups; sub-group interactive sessions with opportunities for 
feedback and questions; and conference-style presentations with question and answer 
opportunities. The topics of modelling, water budget and uncertainty included technical 
overview and modelling exercises of stream depletion. The policy sessions involved 
interactive role-play to elicit community values, district and national policy in an imaginary 
catchment, including an Environment Court hearing. 

The primary objectives of the workshop were to:  

1. provide an overview of the state of characterisation of GW-SW interaction in 
New Zealand; and 

2. inform as to how improved knowledge and new research on characterisation of       
GW-SW interaction should proceed. 

All of the session presentations from the workshop have been collated into this report, and 
where possible, worked examples of the interactive sessions have been included. 

 

KEYWORDS 

Groundwater - surface water interaction, policy, science, collaboration.   
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SESSION 1: GW-SW INTERACTION OVERVIEW   
FACILITATOR: STEWART CAMERON, GNS SCIENCE 

1.1 INTRODUCTION  

The aim of the groundwater - surface water overview session was to understand why it is 
important to characterise GW-SW interaction in the New Zealand context. The objectives for 
the session were: 

• to understand why improved characterisation of GW-SW interaction is important; and 

• to understand primary knowledge gaps in characterisation of GW-SW interaction.  
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1.2 PRESENTATIONS 

 Why we need better characterisation of GW-SW interaction  1.2.1
Facilitator: Stewart Cameron, GNS Science    
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 Hyporheic Zones – Are they important? How can we characterise them?  1.2.2
Facilitator: Edda Kalbus, Auckland Council 
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 Example of the need for a national characterisation survey   1.2.3
Facilitators: Graeme Horrell and Christian Zammit, NIWA 
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1.3 PARTICIPATORY EXERCISE 

The aim of the following Participatory Learning exercise was to promote discussion on the 
relevance of the three presentations to Issues, Solutions and Policy. The workshop was 
broken into three groups of about 20 people each, with 10 min to:  

Discuss, list and be prepared to report issues regarding:  

• Group 1:  Why needed   CS to facilitate  

• Group 2: Hyporheic   EK to facilitate  

• Group 3: Survey   GH to facilitate  

Discuss, list and be prepared to report solutions regarding:  

• Group 1: Survey   GH to facilitate  

• Group 2: Why needed   CS to facilitate 

• Group 3: Hyporheic   EK to facilitate 

Discuss, list and be prepared to report policy regarding: 

• Group 1: Hyporheic   EK to facilitate  

• Group 2:  Survey   GH to facilitate 

• Group 3: Why needed   CS to facilitate   
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SESSION 2: METHODS FOR DETECTING AND MEASURING GW-SW INTERACTION  
FACILITATORS: ABIGAIL LOVETT AND ROGIER WESTERHOFF, 
GNS SCIENCE 

2.1 INTRODUCTION 

The aim of the methods session was to understand methods available to identify and 
quantify GW-SW interaction for particular settings, so that they can be applied. The following 
objectives were defined:  

• Objective 1: To identify what methods can be used for characterising GW-SW 
interaction, with a focus on NZ settings and examples; 

• Objective 2: For each method, to identify strengths, limitations, and scale of application; 
and  

• Objective 3: Identify regional polices and their impact on choosing suitable methods. 
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2.2 PRESENTATIONS AND INTERACTIVE SESSIONS 

 Overview of GW-SW interaction methods  2.2.1
Facilitator: Edda Kalbus, Auckland Council   
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 Application of satellite, airborne and handheld thermal infrared imaging to 2.2.2
characterise GW-SW interaction 
Facilitators: Abigail Lovett and Rogier Westerhoff, GNS Science 
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 Fibre optic distributed temperature sensing to characterise GW-SW 2.2.3
interaction   
Facilitator: Maryam Moridnejad, GNS Science  
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 Using Hierarchical Cluster Analysis (HCA) to identify river water signature in 2.2.4
groundwater, and groundwater signature in rivers   
Facilitator: Rob van der Raaij, GNS Science 
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 Use of radon for indication of river recharge to groundwater 2.2.5
Facilitator: Murray Close, ESR  
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 Use of radon for indication of groundwater discharge to river  2.2.6
Facilitator: Heather Martindale, GNS Science 
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 National rainfall recharge model and equilibrium water table baseflow 2.2.7
estimates 
Facilitator: Rogier Westerhoff, GNS Science  
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SESSION 3: STREAM DEPLETION  
FACILITATOR: MIKE TOEWS, GNS SCIENCE 

3.1 INTRODUCTION 

• Objective 1: Identify why calculating stream depletion is important? 

• Objective 2: Different methods of calculating stream depletion.  

• Objective 3: Policies to manage stream depletion. 
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3.2 PRESENTATIONS 

 Numerical modelling of stream depletion 3.2.1
Facilitator: Catherine Moore, GNS Science 
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Stream depletion prediction 
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New Zealand example 
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 Analytical Solutions to determine groundwater pumping effects on surface 3.2.2
waterways and to assist the determination of sustainable allocation limits 
Facilitator: Aslan Perwick, Pattle Delamore Partners Ltd 
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 Water use by riparian trees: Balancing streamflow reduction against benefits 3.2.3
to stream ecosystems   
Facilitator: Bruce Dudley, NIWA 
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 Calculating the effect of groundwater abstraction on surface flows in the 3.2.4
Cumulative Hydrological Effects Simulator 
Facilitator: Jan Diettrich, NIWA 
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 Regional council rules for managing stream depletion 3.2.5
Facilitator: Abby Matthews, Horizons Council 
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 Participatory exercise  3.2.6

3.2.6.1 ECAN calculator 
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3.2.6.2 Questions 
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3.2.6.3 Answers 
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SESSION 4: GW-SW INTERACTION MODELLING  
FACILITATOR: PAUL WHITE, GNS SCIENCE 

4.1 INTRODUCTION 

• Objective 1: Define conceptual models; 

• Objective 2: Understand the principles of models; 

• Objective 3: Understand different modelling approaches; 

• Objective 4: Identify models strengths and weaknesses; and 

• Objective 5: Be able to apply models and regional policies.  

4.2 PRESENTATIONS 

 Groundwater-surface water interaction: conceptual models, geology 4.2.1
Facilitator: Paul White, GNS Science 
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 Groundwater-surface water interaction: conceptual models, water budgets 4.2.2
Facilitator: Scott Wilson, Lincoln Agritech  
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 Groundwater and water quality of lakes and estuaries  4.2.3
Facilitator: Moritz Lehmann, University of Waikato 
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 Groundwater-surface water interaction: engineering issues 4.2.4
Facilitator: Andrew Dark, Aqualinc Research Ltd 
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 Water budgets and gravel-bed rivers  4.2.5
Facilitator: Paul White, GNS Science 
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 Fully distributed integrated surface/subsurface flow models 4.2.6
Facilitator: Ali Shokri, Lincoln Agritech.  
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 MODFLOW applications   4.2.7
Facilitator: Mike Toews, GNS Science 

Refer to Section 4.2.8 for copy of presentation. 

 FEFLOW applications   4.2.8
Facilitator: Mike Toews, GNS Science 
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 Fine scale understanding of surface water groundwater interaction along river 4.2.9
beds  
Facilitator: Andrew Dark, Aqualinc Research Ltd 
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 Eigen model   4.2.10
Facilitator: Lee Burbery, ESR 
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 TopNet hydrological model 4.2.11
Facilitator: Jing Yang, NIWA 
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 Participatory exercise  4.2.12

4.2.12.1 Exercise modelling 
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4.2.12.2 Example modelling 
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SESSION 5: GW-SW INTERACTION UNCERTAINTY ANALYSIS 
FACILITATOR: CATHERINE MOORE, GNS SCIENCE  

5.1 INTRODUCTION 

• Objective 1: Understand why uncertainty analysis is important. 

• Objective 2: Understand the strengths and weaknesses of uncertainty analysis. 

• Objective 3: Understand how to communicate and use the uncertainty results.  

5.2 PRESENTATIONS 

 Uncertainty analysis of flux calculation in GW-SW interaction 5.2.1
Facilitator: Catherine Moore, GNS Science 
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 Uncertainty and groundwater recharge from rivers 5.2.2
Facilitator: Paul White, GNS Science 
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SESSION 6: GW-SW INTERACTION MANAGEMENT AND POLICY 
FACILITATOR: LAWRENCE KEES, ENVIRONMENT SOUTHLAND 

6.1 INTRODUCTION 
• Objectives? 

6.2 PRESENTATIONS 

 Groundwater-surface water science (particularly national modelling) for MfE  6.2.1
Facilitator: Doug Booker, NIWA 
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 Conjunctive allocation of water in groundwater-river systems  6.2.2
Facilitator: Paul White, GNS Science 
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 Summary of previous sessions on policy  6.2.3
Facilitator: Lawrence Kees, Environment Southland 
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 SUMMARY  

GROUP EXERCISE 

At the end of the workshop, attendees were split into groups of 5-6 people. As a group, they 
were asked to discuss the most important topics regarding GW-SW interaction in New 
Zealand, and to identify the top three to share. The results of the top three topics put forward 
by each group are summarised below (Figure 1).   

 
Figure 1: Summary of important topics in GW-SW interaction work, collated at the end of the workshop.  

QUESTIONNAIRE  

A questionnaire was distributed at the start of the workshop for participants to fill in. The 
questionnaire asked four high level questions to gauge the perception of attendees who had 
a range of experience and involvement in GW-SW interaction throughout New Zealand. The 
questions and answers have been detailed below:  

Q1. What are the most important lessons/information you hope to learn from the 
workshop? 

1. Range of methods available for meeting interactions. 
2. The current methods involved in analysing GW and SW discharge and fluctuations. 
3. Application of GW-SW policies methods of measuring GW. 
4. Information about databases, techniques and tools. 
5. Who and what organisations are doing what. 
6. Tools and techniques for investigating SW/GW interaction. Pros and cons of these. 

Costs and benefits of these (costs-time/resourcing/SS). 
7. GW/surface water interaction between locally confined aquifers and surface waters in 

zones where the aquifer becomes unconfined. 
8. Methods available – Policy needs. 
9. What practical solutions can come from research in GS-SW interactions? What do 

Regional Councils need to know about GS-SW interactions, either qualitative or 
quantitative? 

10. How to quantify low land stream flow coming from the various aquifers. 
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11. What are variable methods for GW-SW1, where to find data, where to find resources. 
12. Methods and tech used in GW-SW research; 
13. Tools and ideas for implementation. Learning how other councils do things. Gaining 

knowledge. 
14. Different techniques for assessing SW-GW interaction. 
15. How to collaborate with competitors. 
16. Fundamental/basic understanding of GW/SW interaction, specifically monitoring and 

modelling techniques. 
17. A little bit about modelling. 
18. I know very little about GW Envis and potential interactions so any info is a bonus. 
19. How SW/GW interaction can be characterised (best practise) in a local setting. How to 

critique our upcoming research and monitoring plans. I am not convinced we have the 
right approach. I want to learn more and get a set of tools our Regional Council can 
use to progress our knowledge (in a meaningful way). Our research seems haphazard 
and the resulting uncertainty is still too high to convince planners/councillors of tough 
consent conditions that are desperately needed to protect our water resources and 
water bodies. 

20. Better understanding of state and issues especially with respect to Regional policy 
setting. 

21. Clear conceptual framework. Tools for Regional Councils. 
22. How to integrate GW-SW interactions into policies. 
23. Uncertainty analysis. Numerical and analytical solutions to assist with setting allocation 

limits. 
24. What databases (regional) are available -geochem/isotopes – physical – aquifer 

characterisation data/models, in NZ that can be pulled together to form a better idea of 
those factors affecting stream depletion; health of the hyporheic zone and 
‘downstream’ USERS – GDE’s. Where are the high risk area on a catchment scale and 
what data is needed to inform policy makers.  

25. Modelling technique to characterise GW-SW interaction. 
26. What are the latest advances in surface water – groundwater interaction and tools. 
27. How to quantify the uncertainties around surface water groundwater interaction. 
28. Methods to determine SW-GW interaction. 
29. Current state of GW-SW knowledge in NZ. 
30. The ideas and knowledge that already exists and the gaps that need to be filled in 

regards to GW-SW interaction. 

Q2. What do you consider to be the most important way forward/ aspect for future 
research on GW-SW interaction? 

1. Methods that enable high resolution of interactions, also methods that quantify the 
interactions too. 

2. Large scale river, stream bed techniques. 
3. Identify gaps in knowledge. Standardisation. Mapping. New Models. 
4. Development of new ideas. Trial of new ideas at same sites to enable comparisons and 

assessments of different methods. Also assess where 2 or 3 methods work better 
together. 



 

 

GNS Science Miscellaneous Series 92 317 
 

5. Cost effective methods for limited budgets. Tools to analyse uncertainty. Integrations of 
science and policy. Improved communication of outputs. (public friendly). 

6. Current research endeavours are excellent. Scientific/modellers should be encouraged 
and resolved to carry on. 

7. Interaction quality. Quality surface water/groundwater national database. 
8. Funding! 
9. The correct tool box to solve quantitative issues: radon, temp, photo-satellite, 

chemistry. 
10. Someone doing some fundamental work on it. That means funding commitment – that 

means some political commitment. 
11. Combined/Integrated research. More information available on a public forum. 
12. Standardised data collection. Data collection. 
13. General data collection to assist resource managers, e.g., hydraulic parameters. 
14. Collaboration between Institutes. 
15. National spatial coverage and understanding. Improved understanding of aquifer 

process and impacts on water quality, i.e., between the land phase and receiving water 
body. 

16. Finding suitable multi-face approaches. 
17. Funding for university students to develop data sets, methods for monitoring and 

recommendations. 
18. Everything!! The monitoring data collected is not in the right location (need finer scale 

resolution data to be useful). I’m not well placed to talk about research gaps but in 
terms of Council needs, we need convincing/reliable ways to enforce tougher consent 
conditions when we suspect an effect on SW → “uncertainty: always puts doubt on the 
need for touch conditions. Our regions recharge zones → this would benefit out land 
use policy and intensification. 

19. Collaboration. 
20. How it relates/impacts the NPS-FM. 
21. Fully integrated models. 
22. Addressing uncertainty. 
23. Identify knowledge and data/info gaps. Apply funding to those who collect this info on a 

regional basis. Put this info/data into a national transparent data repository for all to 
use. Really need good old fashioned integrated catchment studies GW/SW to occur 
and develop computer tools to help inform policy and GW mgmt. 

24. Don’t know enough about it to answer this question. 
25. Standardisation – Collaboration – catchment approach. National tool-box. Chemically 

conservative parameters/tracers to track water through all phases of flow cycle. 
26. Development of a regional scale demand model for accuracy. 
27. New modelling approaches. 
28. GW location, quantity, flow paths, flow rates. 
29. Improving technologies/using a range of technologies to understand GW-SW 

interaction. 
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Q3. What is biggest information gap regarding GW-SW interaction for yourself and/or 
your organisation? 

1. Interaction data only based on a single method – flow gauging. 
2. Tools and resources for GW-SW interaction open source resources, articles. 
3. Access to data. Improved spatial coverage of sites. 
4. Who is carrying out research in the area; what progress have people made. 
5. Effect of land use on water quality. Sustainable GW allocation limits to protect SW 

flows/values. Climate change impacts. Quantification of uncertainty in existing models. 
6. Stream depletion assessments. 
7. Scale issue. Time issues related to timelag for integration assessment and appropriate 

life cycle. 
8. Basic hydrological and biogeochemical processes. 
9. How does upstream/plains abstraction cumulatively affect low land stream flows. 
10. Mapping of discharge/recharge zones and relation (if any) between deeper, leaky 

aquifers and rivers. 
11. Quantifying the flux @ the GW-SW interaction and relating that to low flow over 

seasons. Predictive capability. 
12. Level of connection. Standardising approach. 
13. Hydraulic parameters to go into analytical solutions, part stream bed 

clogging/conductivity. 
14. Losing Reaches. 
15. Lag times. GW/SW boundary alignment. Processes e.g., attenuation. 
16. Hyporheic zone. 
17. How to recognise, sample and model for future climate change. 
18. Eventually a guidance document. Presentations → even video’s emailed around. 

Emailing of recent journal articles (e.g., as public access if difficult). Email list for 
people interested in SW-GW interaction (i.e., we need more than just the GW scientists 
involved, SW scientists need this knowledge too). 

19. What the capacity/capability of Councils is. 
20. How to explain its importance to policy/decision makers. 
21. Significance at regional scale. 
22. Addressing uncertainty and communication of limitations to general public. Accounting 

for regional impacts on GW/SW interactions. 
23. DATA! I want to be able to access research orgs and Regional Council databases so 

that I have all the data and knowledge of data gaps so that I can do my job as a 
hydrogeologist managing G/W users and protecting GDE’s. 

24. See Q1. 
25. Recognition of interconnectedness. 
26. Continuous flow data at multiple points along a river. Long term water use data. 
27. Data. 
28. Standard GW-SW modelling techniques. 
29. How pathways taken from surface through the vadose to groundwater – what 

influences this? e.g., physical properties of soil, electrical conductivity. 
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Q4. What do you consider to be the most informative way for research results on 
GW-SW interaction to be disseminated? 

1. Publish results in a report, journal or available by council etc. 
2. Unsure. 
3. Workshops. Papers. 
4. Copies of presentations to be distributed. 
5. Workshops. Guidance documentation on accepted tools, techniques and how/when to 

apply them. Webinars – web based presentation of case studies. Directory of providers 
– who does what. 

6. Publications that are accessible to all users. 
7. Papers – workshop. 
8. Workshops to stakeholders, especially Ministries, Councils and sector groups. 
9. Maybe LAWA science web page – where CRI papers/finding can be found. 
10. Maybe using an internet portal – like USGS? 
11. Public forum – web based and user group. 
12. Presentations and workshops. 
13. Register of research studies in individual rivers so that data can be accessed. 
14. Visualisations. Repositories of data. 
15. Smaller group discussions. 
16. Through national guidelines. 
17. Best practise guidelines for Council to use to address localised issues. E.g., 

characterise the pathways and likely effects on water bodies in X setting using X 
method, for X objective. Prior to local consenting issues/WQ issues/declining water 
levels happening, what should we be monitoring (at least). 

18. Workshop/Webinar. 
19. CRI-Wiki? 
20. International journals (open access). 
21. Geo database sets for results of investigations. 
22. Onto a national, transparent, data repository. This data repository could be managed 

on a national basis by, say, the Dept. of Env., or Planning or something similar.  
23. Workshops, refereed papers. 
24. Workshops like this one and free software like ECAN provide – XL based tools. 
25. Workshops. 
26. Public access journals. 
27. Discussion amongst organisations. 
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