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So, I am going to be talking in this presentation about a project, which we have given the name “A Systems Approach to Climate Change, Water and Wellbeing”.
Within this project an online platform was developed, which utilised systems thinking, causal loop & stock and flow diagrams, as an organising framework to bring together different information, data, models around climate change and wellbeing. I believe the project is appropriate to present at this conference given the theme of integrating varied disciplines and methodologies. 
Context
So just as some context, our project was concerned with helping to bring together a whole bunch of information, which is currently available in all sorts of various and disparate forms, around climate change. Particularly we were interested in following through to understand the implications of climate change on human wellbeing. The area within New Zealand that we focused in on was the Hawkes Bay Region. Hawkes Bay is located on the East Coast of the North Island. Typically, the area has quite mild winters, reasonable spring rain, and quite hot and dry summers. Reflecting in part the weather and climatic conditions, across large plains in Hawkes Bay we have seen a significant fruit growing industry develop, for instance, ~5000 hectares of applies, mostly for export, as well as viticulture and a variety of other crops.
Modelling of climate change suggests some quite significant risks for the region, which are really around the extremes of both too much and too little water. Having said that, a lot of the risks that emerge are not just about water quantity, but also water quality. Already In Hawkes Bay there is significant competition over water supply, which is expected to increase with more frequent droughts. Adding to this, Hawkes Bay is expected to experience increased frequency of cyclones and other extreme rainfall events. For most New Zealanders, two of the worst storms in living memory both occurred in the Hawkes Bay. This includes the recent cyclone Gabrielle (February 2023) which was responsible for some 11 fatalities.
Also, in terms of the context, well it seems to be the situation that sitting against the backdrop of climate change, problems are getting more-and-more complex. The phrase “wicked problems” has been used for quite a while now. What is also becoming more evident is that human decisions and actions in response to impending environmental stresses and hazards, such as low and high-water flows, are themselves increasingly a source of risk in themselves. So, we see this enlarging concept of risk that includes human actions as part of the risk landscape too. 
Context – Importance of Systems Thinking and Systems Tools
In the environmental change and sustainability literature, it is relatively common to see the concept of a socio-ecological system taking centre place. A socio-ecological system is a system that includes societal (human) and ecological (i.e. biophysical) subsystems in mutual interaction.
One thing that is interesting about human systems, and is therefore relevant to socio-ecological systems, is that human systems are reflexive systems, humans are constantly observing the evolution of their world and systems in which they act, and are actively making decisions to try and steer their future.  
At least at a local/central government level the idea of wellbeing has become quite important in informing us around how we evaluate the performance of our system, and how we judge where we might go, where we are steering to. So hence we have included a wellbeing lens in the online platform I will describe further shortly.
Hypothesis
We hypothesized for this programme that continuing to develop systems thinking or systems competence is critical in the complex world and complex problems we face. Causal loop diagrams and other graphical approaches such as Bayesian networks have promise in that they sit across knowledge domains and disciplines, bringing together and connecting causal relationships that might otherwise be considered separately.
So against all this context, we asked ourselves:
· Can we develop some kind of tool that could assist with conversations around climate change, freshwater systems, wellbeing that was clearly based on a systems perspective? 
· Can we ensure that this tool or platform promotes consideration of the connections and feedbacks between the problems that our communities face, and also the potential connections and feedbacks between solutions, and solutions and problems?
· We recognise that this is only one small project, and there is a host of valuable information, data, and models already in existence, and more will continue to emerge. So, is it useful to think of the systems view as kind of like the overarching framework, and then see how these other resources might connect into it?
· And then, well traditionally the form of disseminating our work and findings for a project like this might have been a technical report. More and more we see other forms of dissemination. Could we create something that was more of an online resource (all be it subject to the fact that none of us are software developers and web content producers).  We have seen, for example, with GIS based information the concept of StoryMaps being used where you transfer various data into content that is more interactive and engaging for stakeholders. Could we do something kind of similar but rather than it being based around the concept of maps and space, could it be around the concept of systems and therefore linkages and connections, changes over time? 

Online Platform
So we developed this online platform as a prototype. Once you go into the home page, you can then go into and get more information, and this row of tabs at the top. So we have: A page on System Dynamics, A section on the System Diagram, and then this main section at the end “Explore the System”. I think given the audience we have here we can probably skip the part on “About System Dynamics”.
System Map
So, starting with this ‘System Map’ view, when you click on this you get this quite complex and spaghetti looking diagram of the overall system. We have the hydrological system, and then to get through to economic and public health aspects of wellbeing, we needed to also include subsystems on the economy, nutrient cycling and contaminants, and public health and water quality.
 You can click on these magnifying glasses and then you will get a zoomed in views of the different parts of the system.
Now we thought calling our system diagram a ‘systems map’ was quite important. Because a diagram might cause a bit of panic or discomfort. We feel that we must take in a diagram and understand it in its entirety. But the idea of a ‘map’ is a different. With a map we feel more comfortable with complexity, perhaps only interrogating bits and pieces as relevant to our problem at a time.
Group Model Building
The underlying system map was constructed as a group model building exercise. We had a group of domain experts from the spheres of risk and disaster risk reduction, ecological economics, public health, hydrology and groundwater modelling. We started by identifying key processes and outcomes that we wanted to include. A model was drafted, and then in a series of subject domain workshops the model was refined.
Exploring the System
The platform was developed in Stella Architect. The “storytelling” functionality within that programme makes development of online platforms possible for non-sophisticated programmers like myself. However, I would point out that the programme is designed more around telling stories of ‘dynamic models’ rather than ‘system maps’ so there were a few funky things or workarounds that we needed to undertake, e.g. pretending we had equations and setting all variables to zero
In any case, going back to the platform, as you can see here, we created two general methods for interrogating the system, one is diving deeper into the individual subsystems – so you can click on any of these sub-systems (Hydrological System, Economic System etc) and then learn more about them, and the other option is to go through narratives or stories about chosen sub-themes, such as what is expected under climate change, what we consider to be wellbeing indicators, and so on.
We won’t have time to go through this all today, so I will just show you a few pieces or excerpts of the platform.
Nutrients and Contaminants 1
So imagine we have clicked into the nutrients and contaminants subsection. We can then click forward to see this story expanded.
Nutrients and Contaminants 2
So, nutrients are contained in freshwater, primary in dissolved inorganic, and also organic forms. And there are fluxes between stocks associated with the movement of water.
There are these self-regulating processes in ecosystems that help to keep nutrients at appropriate levels. Basically, plants and then animals take up nutrients, when they die this matter settles down through the water column, some becomes buried in sediments, which is removing nutrients from freshwater. The plant and animal matter which contains the absorbed nutrients also decays, and the micro-organisms responsible for the decomposition produce chemicals including various nitrogen gases emitted to the atmosphere. And again, this is removing nutrients from the water column. All assisted by healthy ecosystems.
Nutrients and Contaminants 3
Obviously, toxins and pathogens in freshwater can come directly from human wastes and residuals that are released to freshwater systems.
However, we also have situations where toxins are produced indirectly. Basically, where very high nutrients are discharged to freshwater bodies, e.g. through agriculture run-off, these nutrients can overwhelm the self-regulating processes in the system, leading to rapid growth in algae and cyanobacteria known as an ‘algae bloom’. These algal blooms can take oxygen and light needed for other biota, ultimately degrading ecosystem health and the ability to undertake self-regulation longer term. Importantly, algal blooms are also associated with the release of harmful toxins. 

Nutrients and Contaminants 4
There are some important connections with the nutrients/contaminants subsystem and hydrology (and changes to hydrology anticipated under future climate change). For one, high water temperatures tend to be associated with increased plant and animal growth, and also likelihood of algal blooms. In turn, water temperatures are influenced by water depth and flow rate, both of which link back to rates of precipitation which is expected to change in the future. Importantly, flow rate also impacts on sediment burial fluxes and thus nutrient regulation.

Public Health and Water Quality
Ok if we jumping ahead to a part of the Public Health Subsystem, humans come into contact with concentrations of contaminants through drinking water or eating food prepared from contaminated water, in hygiene activities and through recreation. All of these can lead to incidences of enteric disease, perhaps toxic poisoning. Increasingly certain cancers are also being linked to environmental conditions, and the good example here is bowel cancers which have been linked to the concentration of nitrogen in water.
These items in red in the diagram are what we can think of as our “wellbeing indicators”.
I also wanted to point out this orange box down the bottom right-hand corner. This is an example of a place in the platform where we have taken an opportunity to link in other information about modelling work that has been undertaken, I will discuss this more in a moment.
So going back to public health, the extent of excess overland flows or inundation/flooding events is also really important for water quality and public health. When we have water flowing in new ways and directions, there are increased pathways for wastes to enter freshwater. As I understand, this is what happened in the campylobacteria outbreak in Hawkes Bay, when with a heavy rainfall event, sheep excrement was able to flow into a nearby well head. During significant events we can also make waste treatment and removal less effective by overwhelming or damaging waste treatment facilities, and the same at the other end in terms of water treatment.

Public Health and Rainfall Events
So, as I mentioned, the online platform is intended to be more than just the system map –it is also intended to be a platform for bringing together other information and data that is all relevant to our system and problems being considered. So, in our project we looked at incorporating some discrete additional models and data, and then linking this together with the system map.
If we go back to our systems diagram, there are a range of factors or conditions that influence the occurrence of enteric disease, some of which ultimately have a causal relationship back to precipitation, which as we know will be impacted by climate change. 
Our public health researchers had investigated, using available data, the relationship between precipitation and the reporting of campylobacter disease. Various statistical models were tested – in the end because diseases may take some time to materialise and be reported, and inundation and flooding depends on the accumulation of rain over a time period, they looked at the accumulated volumes of rainfall over 30 days. They also separated the rainfall into quintile bands. 
We have links in the platform to these interactive maps. What was found is that in the high rainfall bands, i.e. Q4 and Q5 there was an increased risk of campylobacter infection for Hawkes Bay, Manawatu, Waikato and Christchurch. So why Q4 and Q5 only – well that probably relates to some threshold effect – rain needs to be over a certain level. Why different results for different regions –Well if we think back to the system diagram we are looking at the relationship between precipitation and disease but there are a lot of variables at play and the strength of those relationships or arrows will differ. Different places have different freshwater systems, and hence the extent and nature of inundation will be different, and this then impacts on the extent to which there is an increase in pathways for wastes to enter freshwater. And also, to what extent are waste treatment systems overflowing or impaired under heavy rainfall. Different places will also have different treatment systems, for example multiple lines of defence whereas others do not. Added to this, different regions also vary in terms of their waste production in the first place. 
What I am showing here is just one example of where we have tried to connect in other models and approaches to the systems perspective.

Reflections
(See bullet points on slide)
Conclusions
So just to finish and recap. I think that system thinking/system dynamics/ graphical approaches, are a promising method for bringing together information into a coherent whole. This information might already be out there but in various technical reports, journal articles, local government analytical models, GIS layers, and so on. 
In the GIS world we see the use of ‘StoryMaps’ and such like as a way to engage with audiences and provide interesting and user-friendly content. Even with the software packages that are already available, there is a lot of potential for engaging content to now be delivered from a systems perspective and to promote systems thinking as an organising framework for how everything can be brought together. I see that there is opportunity for further functionality and capability to be added in these regards going forward. 



