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[bookmark: _Ref116649779]S1. Interview topics and questions
Introduction
1. What is your role/job in this area? 
2. How long have you been in this role? 
3. What change in your work have you led and been most proud of? 
Impacts of Climate Change 
4. Given expected declines in inflows of water due to climate change, what will concern you most? What do you think the impacts will be? 
5. What strategies are you considering in order to manage impacts of declining water availability and/or extreme weather events? 
6. Is there a particular threshold volume or other water access requirement needed to sustain your work/industry? 
7. If you were to approach such an environmental or socio-economic threshold, how would you know? What would trigger you to think about counter measures for adaptation? 
8. Have you encountered any thresholds in the past or are there any thresholds that you think are being approached? 
Threshold of Change related questions
9. What notable changes in your work / industry have you experienced in the past 
i. Where these changes sudden or gradual? What triggered these changes? 
ii. How did you manage these changes or what was your role in managing these changes?
iii. If you could, what would you do differently?
iv. Did you experience any opportunities or challenges to what you wanted to change? 
v. How do you see the role of the different levels of governments, through this period of change? 
Water sharing
10. How equitable do you believe watering sharing is within the region? Are there any conflicts of interests?
11. What are some strategies or policy instruments you recommend that would mitigate conflict and improve water allocations in the area if water availability declines? 
Adaptive Management
12. What sort of incremental or major adaptions are needed to adapt to climate change in your area?
13. Do you regard your community as resilient? Why?
i. Have you encountered any thresholds in the past or are there any thresholds that you think are being approached? 


[bookmark: _Hlk124187479]Table S1. Processes for each link and loop in the Cultural Adaptation Template diagram of barriers to constraints management and their environmental and socio-economic impacts in Figure 2
	Link No.
	Process represented by that link as shown in Figure 2

	L1
	This link is negative. If the costs: benefit ratio from constraints relaxation increases (costs > benefits) governments will be less willing to deliver environmental water. If the ratio decreases, governments will be more willing.

	L2
	This link is weak negative. If governments are more willing to deliver existing environmental water overbank, the perceived cost: benefit ratio from constraints relaxation will decrease. This link is weak, as desire to maintain economic productivity is greater than the desire maintain environmental values. If governments are less willing to deliver environmental water, the perceived cost: benefit ratio will increase. 

	L3
	This is negative link. If governments are less willing to deliver environmental water, local irrigators will be less concerned about increased inter-valley transfers they consider will be enabled by constraints relaxation and thus the perceived socio-economic benefits to the community from not relaxing constraints will increase. This is because there will be a limit on the volume of water that can be bought by downstream users due to channel capacity. Water will remain in the Goulburn-Broken Catchment, supporting local farmers and the economy. If governments are more willing to deliver environmental water, the socio-economic benefits to the community will decrease because water will be seen to be taken from irrigation.

	L4
	This is positive link. If governments are more willing to deliver environmental water, the condition of wetlands will increase. If governments are less willing to deliver environmental water, the health of the Goulburn River will be degraded. 

	L5
	This is a weak negative link. If the health of the Goulburn River increases, the perceived cost: benefit ratio from constraints relaxation will decrease. If the health of the Goulburn River decreases, the perceived cost: benefit ratio will increase. The link is weak, as the environmental benefits are often undervalued. 

	L6
	This link is positive. If the health of environmental assets along the Goulburn River increases, the environment has a greater capacity to provide ecosystem services and can provide socio-economic benefits to the regional community. This is because a healthier ecosystem will improve the productivity of agricultural industries.  If the health of environmental assets decreases, the ability for the environment to provide ecosystem services decreases and therefore, socio-economic benefits to the regional community decreases. This is because farms are less productive. 

	L7
	This is a negative link. If socio-economic benefits to the regional community increase, the perceived cost: benefit ratio from constraints relaxation decreases. This is because, farmers have greater financial security and recognise the benefits of constraints relaxation. If the socio-economic benefits to the regional community decreases, the perceived cost: benefit ratio increases. This is because farmers will see constraints relaxation as a threat to their productivity and industry viability.

	
	Loops

	Loop (L1, 2)
	This is a reinforcing loop. If the perceived cost: benefit ratio increases, governments will be less willing to deliver environmental water and continue to perceive costs of constraint relaxation as greater than the benefits,  driven by the priority to maintain productivity over conservation, whereby constraints relaxation represents a threat to the profitability of farmers. Under such conditions the environment will continue to receive less water than it requires, benefits of environmental watering will be sub-optimal and the perceived cost: benefit ratio of constraints relaxation will remain higher. 

	Loop (L1, 4, 5)
	If governments deliver more water to the environment, wetland condition will improve and the perceived cost: benefit ratio from constraints relaxation decreases. Accordingly, governments may perceive value in continuing to deliver water for the environment. However, this is a weak reinforcing loop, as environmental condition of wetlands has only a slight influence on the perceived cost: benefit ratio from constraints relaxation. 

	Loop (L1, 4, 6-7)
	This is a reinforcing loop. If the regional community experience the benefits of having healthy wetlands, the perceived cost: benefit ratio from relaxing constraints will decrease. Communities will encourage governments to continue to deliver water to the environment and the health of wetlands will continue to improve. 

	Loop (L1, 3, 7)
	This is a balancing loop. If the perceived cost: benefit ratio from constraints relaxation decreases, governments will become more willing to deliver water to the environment. However, industries reliant on irrigation will perceive environmental water as a threat to their ability to access water. This will lead to a decrease in socio-economic benefits to the regional communities and the perceived cost: ratio from constraints relaxation will rise (costs > benefits)




Table S2. Processes for each link and loop in the Cultural Adaptation Template diagram of impacts of high summer-autumn flows and downstream demand for water in Figure 3
	Link No.
	Process represented by the link

	L1
	This link is positive. If irrigators desire to produce high value agricultural goods increases, trade in the water market increases, facilitating movement of water to higher value users who have greater purchasing power for the water. If desire to produce high value goods decreases, water trading decreases. 

	L2
	This link is positive. If trade in the water market increases, water shifts to the highest paying users and more high value goods will continue to be produced due to the higher financial returns. If water trading is restricted, desire to produce high value goods declines as ability to access water will be limited.

	L3
	This is a positive link. If trade in water increases, downstream demand for water will increase, as more water can be transferred out of the Goulburn–Broken. If trade is restricted, downstream demand decreases. 

	L4
	This link is positive. If downstream demand for water increases, the rate of summer flows in the Goulburn River increases, as more water is delivered to downstream users. If the downstream demand decreases, summer flows decrease.

	L5
	This is delayed negative link. If the rate of summer flows increases, the condition of the Goulburn River declines, as high-flows cause erosion and removal of vegetation. If summer flows decrease, environmental condition improves. 

	L6
	This is delayed negative link. If condition of wetlands improves, the need to maintain them decreases: the community will view them as healthy. If wetland condition is poor, the desire to maintain them increases. This is a delayed link as it will take time before it is recognised that wetlands are degrading. 

	L7
	This is a weak negative link. If community desire to maintain wetlands increases, the desire to produce high value agricultural goods decreases as irrigators become more aware of the concerns of the community. A trade-off will be needed between maintaining wetlands and irrigated production. This link is weak as economic values are weighted above environmental ones. If community desire to maintain wetlands decreases, desire to produce high value goods increases. 

	L8
	If wetlands are in good condition they can provide more ecosystem services, including productivity of agriculture. This link is positive and weak as many interviewees did not recognise that ecosystems provide benefits to agriculture. If wetlands are in poor condition, benefits of provisioning and regulating services will not be realised.  

	L9
	This is a positive link. If the productivity of agriculture increases, the desire to produce high value goods increases. If the productivity of agriculture decreases, the desire to produce high value goods decreases.  

	L10
	This link is negative. If more water is traded out of the Goulburn-Broken to downstream users, the productivity of Goulburn’s agricultural industries decreases, as less water is available. If downstream users decrease demand, less water is traded out of the valley and productivity in the Goulburn increases, as access to water increases. 

	
	Loops

	L1, L2
	This is a reinforcing loop. If free trade increases, it will encourage more high-value producers to participate in the market. Lo- value users will be outcompeted and high-value producers will continue to expand. 

	L1, L3–L7
	This is a balancing loop. Wetlands degradation will motivate community responses to improve condition. Consequently, irrigator desires to produce high value goods will decline as communities recognise the negative environmental impacts. Government responses will be to limit water transfers by restricting water trading and transfers, thus improve ing wetland condition. However, economic values are weighted higher than environmental ones, so irrigator desires to produce high value goods will increase. Although loop (L1, 3-7) is balancing, where community desire to maintain wetland condition should reduce irrigator desires to produce high value goods, the system is driven by the dominance of economic values in loop (L1, L2). The lower weighting for environmental values is represented by the delayed L6 and the weak L7. 

	L1, L3–L5, 8, 9
	This is a balancing loop. If farmers experience the benefits of ecosystem services they should be more productive and impacted less by high value produce. Subsequently, farmers will be impartial to the desire to produce high value goods. If wetlands are in poor condition, thus reducing the productivity of agricultural industries, the community will desire less production of high value goods. This is because high value producers are mostly downstream. Downstream water users require water to be transferred out of the valley, but this process compromises the condition of wetlands.

	L1, 3, 9, 10
	This is a balancing loop. If water trading is encouraged to allow downstream transfer to high value users, this will reduce the productivity of Goulburn’s agricultural industries, causing them to advocate against the production of high value goods. Governments will react and implement inter-valley trade restrictions. 




Table S3. Processes for each link and loop in the Cultural Adaptation Template diagram of how investment in adaptation and diversification builds adaptive capacity among irrigators in Figure 4
	Link No.
	Process represented by the link

	
	Fixes that fail systems archetype – impact from additional investment in irrigation

	L1
	This is a positive link. If uncertainty about water access increases, the need for additional investment in irrigation increases. If uncertainty about water access decreases, the need for additional investment in irrigation decreases. 

	L2
	This link is negative. As irrigation investment increases, uncertainty about water access decreases in the short term. Investing in irrigation infrastructure improves irrigation efficiency, minimising conveyance losses and increasing reliability of access and productivity. If investment in irrigation decreases, uncertainty about water access increases. 

	L3
	This is a delayed positive link. If irrigation investment, then the region will become more dependent on access to water. If investment in irrigation decreases, the region will become less dependent on water access. 

	L4
	This is a positive link. If the region’s dependence on water access increases, uncertainty about access increases because development of irrigation infrastructure promotes the ‘rebound effect’. This effect occurs when expected savings from efficiencies are not realised because they enable more water to be used, thus  increasing uncertainty about water access. If the region becomes less dependent on water access, uncertainty about water access decreases. 

	L5
	This is a positive link. If investment in diversification and adaptation increases, farmers will increase their adaptiveness to changes to water availability. If investment decreases, farmers will decrease their adaptiveness. 

	L6
	This is a negative link. If adaptiveness of farmers to changes in water availability increases, the region’s dependence on water access decreases. This is because farmers can diversify and adapt to become less reliant on irrigation. If agricultural producers have less adaptive capacity, the region will be more dependent on water access. 

	L7
	This is a positive link. If regional dependence on water access increases, the need for investment in diversification and adaptation increases. However, if the region reduces dependence on water access, the need for investment declines.

	
	Factors influencing the market price for water

	L8
	This is a negative link. If the proportion of water for environmental flows increases, less water is available to allocate to consumptive use. If there is less water for environmental flows, more water is available for consumptive use. 

	L9
	This is a positive link. If rainfall increases, more water is available in the region and irrigators receive a greater proportion of their allocation. If there is less rainfall, water users receive less of their allocation. 

	L10
	This is a negative link. As the volume of water allocations increases the price for water decreases because demand for temporary water declines with higher allocations. If water allocations decrease, the price for temporary water increases.  

	L11
	This is positive link. If the price of water increases, uncertainty about water access increases. If the price of water decreases, uncertainty about water access decreases. 

	L12
	This is a negative link. If the price of water increases, downstream demand for water decreases. If the price of water falls, downstream users will demand more water. 

	L13
	This is positive link. If downstream users demand more water, then the price for water will increase. If downstream users demand less water, the price for water decreases. 

	
	Loops

	L1, L2
	This is a balancing loop. Additional investment in irrigation is the initial ‘fix’ that reduces the initial ‘problem’ of uncertainty about water access. Once uncertainty about water access decreases, the need for additional investment in irrigation decreases. 

	L1, L3, L4
	This is a reinforcing loop. Additional investment in irrigation is maladaptive, exacerbating the problem of high regional dependency on water access for irrigation. Additional investment in irrigation is capital-intensive, requiring sufficient return on investment. This leads to a further increase in the initial problem, as investment encourages further use of water whereby more water will be used per farm (the ‘rebound effect’), thus increasing uncertainty about water access.

	L5, L6, L7
	This is a balancing loop. Investment in adaptation and diversification is an intervention to reduce the problem of the region’s high dependence on water access. This will reduce the initial problem of uncertainty about water access. The amount of investment in adaptation and diversification will vary according to the region’s adaptive capacity and dependence on water access. However, as farmers improve their adaptive capacity, they will become more independent and less reliant on investment in adaptation and diversification.

	L12, L13
	This is balancing loop, reflecting the behaviour of economic adjustment until the water market reaches equilibrium. 




Table S4. A description of the processes for each link and loop in the Cultural Adaptation Template diagram showing adaptive interrelationships between dairy and horticultural industries and dairy industry dependence on feed substitutes in Figure 5
	Link No.
	Process represented by the link

	
	Shifting the burden

	L1
	This is a positive link. If uncertainty about water access for dairy and horticultural increases, dairy will increase use of feed substitutes because purchasing feed provides higher returns than irrigating pastures. If uncertainty about water access decreases, dairy will reduce use of feed substitutes. 

	L2
	This is a negative link. An increase in access to feed substitutes reduces uncertainty about water access: dairy relies less on irrigated water than horticulture, allowing horticulture greater water access. If access to feed substitutes decreases, uncertainty about water access increases.

	L3
	This is a delayed positive link. If access to feed substitutes increases, there will be increased reliance on them in the future. 

	L4
	This is a negative link. As reliance on feed substitutes increases, adaptation and diversification is constrained because dairy farmers will use feed substitutes as a short-term solution instead of addressing the need to adapt and diversify over the long-term. If reliance on feed substitutes declines, the level of adaptation and diversification will increase.

	L5
	This is a delayed negative link. An increase in adaptation and diversification will reduce the initial problem of uncertainty about water access. The link is delayed because many farmers do not yet recognise the need to adapt and diversify. If the level of adaptation and diversification decreases, uncertainty about water access for dairy and horticultural industries increases.

	L6
	This is a positive link. If uncertainty about water access increases, the level of adaptation and diversification increases. If the uncertainty about water access decreases, the need for adaptation and diversification decreases. 

	
	Influences on the water market and subsequent impacts

	L7
	This is a positive link. If there is an increase in rainfall in the Goulburn-Broken Catchment, more water is available and water users will receive more of their allocation. If there is less rainfall, water users will receive less of their allocation. 

	L8
	This is a negative link. If the proportion of water for the environment increases, less water is available for consumptive use. If there is less water for environmental use, more water is available for consumptive use. 

	L9
	This is a negative link. As volume of water allocations increases so the price for water decreases because the overall volume of water available is higher and the demand for temporary water is lower. If water allocations decrease, the price for water increases because the overall volume of water available is lower and demand for temporary water is higher.

	L10
	This is positive link. If downstream users demand more water, then the price for water will increase. If downstream users demand less water, the price for water decreases.

	L11
	This is a negative link. If the price for water increases, downstream demand for water decreases. If the price for water falls, downstream users will demand more water.

	L12
	This is positive link. If the price for water increases, dairy and horticulture uncertainty about water access increases. If the price of water decreases, uncertainty about water access decreases.

	L13
	This is a positive link. If the price for water increases,  demand for feed substitutes increases. If the price for water decreases the need to use feed substitutes decreases because it is more profitable to irrigate pasture than use feed substitutes. 

	L14
	This is positive link. If the demand for feed substitutes increases, their price increases. If the demand decreases, so does price. 

	
	Processes influencing the accessibility of feed substitutes

	L15
	This is a negative link. If price of feed substitutes increases, access decreases because of high price and lower returns. If price of feed substitutes decreases, access increases. 

	L16
	This is a positive link. If rainfall increases in regions where feed is grown, the production of feed increases. If rainfall is low in regions where feed is grown, production declines.

	L17
	This is a positive link. If growing feed substitutes is easier and more profitable, this will increase supply. If it is difficult and not as profitable, supply declines.

	L18
	This is a negative link. If supply of feed substitutes increases, the price falls. If supply decreases,  price increases. 

	
	Maintenance costs for irrigation infrastructure and the viability of dairy and horticulture

	L19
	This is a negative link. If dairy and horticulture uncertainty about water access increases, viability of dairy declines. This occurs if feed substitutes are not used instead of irrigated pasture and farmers have begun to adapt or diversify.  

	L20
	This is positive link. If the viability of dairy increases, the volume of water held by dairy farmers increases because they are less willing to sell permanent entitlements or allocations. If the viability of dairy decreases, the volume of water held by dairy decreases as farmers are more willing to sell permanent and temporary water. 

	L21
	This is a delayed negative link. If the volume of water held by dairy farmers increases, they remain in the industry and continue to irrigate, and the number of delivery shares terminated decreases. If dairy farmers exit the industry, the volume of water held by dairy decreases and the use of irrigated water may be discontinued. Therefore, farmers may terminate their delivery share due to the high fixed cost. However, this is a delayed link as the termination fee is high and many farmers may wish to retain the opportunity to irrigate in the future. A delivery share is an entitlement that enables farmers to have water delivered to their property. It incurs fixed charges regardless of the volume of water use.[footnoteRef:1]  [1:  DELWP (2018) Introduction to delivery share use in Northern Victoria. Department of Environment, Land, Water and Planning, Melbourne. Available at: https://www.water.vic.gov.au/__data/assets/pdf_file/0023/503663/DSR-Factsheet1-Introduction-FINAL.pdf  [accessed 23 November 2022]] 


	L22
	This is a positive link. If number of delivery shares terminated by dairy increases, the share of maintenance costs for irrigation infrastructure increases because there are fewer farmers paying for the fixed costs. Therefore, the burden is shifted to those remaining. If the number of delivery share terminated decreases, the share of maintenance costs decreases. 

	L23
	This is a negative link. If the burden of maintenance costs for irrigation Infrastructure increases, it becomes harder for the irrigation company to deliver services. If more farmers are paying for maintenance costs, service delivery increases. 

	L24
	This is a negative link. If the service delivery increases, dairy and horticulture uncertainty about water access decreases because there is greater reliability. If service delivery capacity decreases, uncertainty about water access increases. 

	L25
	This is a positive link. As water leaves the Goulburn-Broken due to demand from downstream users, share of irrigation maintenance costs increases. If downstream demand for water decreases, the share of maintenance costs decreases. 

	L26
	This is a negative link. If share of irrigation maintenance costs increases, the viability of farmers who continue to irrigate will decrease, particularly for horticulture as the biggest water users. If the share of irrigation maintenance costs decreases, viability of horticulture increases due to greater profit margins.  

	L27
	This is a negative link. If the viability of horticulture increases, farmers will stay in the industry and continue paying irrigation maintenance costs, so pressure from the share of costs will decrease. If viability of horticulture decreases, farmers will exit and the burden on irrigation maintenance costs will fall on fewer farmers. 

	
	Market price for dairy and horticultural produce

	L28
	This is a positive link. If opportunities to add value and differentiate horticultural products then the viability of the industry increases as higher returns are realised. A more diversified market creates financial flexibility, enabling farmers to better manage market volatility. If there is less opportunity to value add then the viability of horticulture decreases.  

	L29
	This is a positive link. If market price for dairy increases, dairy will earn greater returns for their product and be more viable. If the market price for dairy decreases, dairy will be less viable.

	
	Loops (those from L1–L5 to L5, L6 reflect the ‘shifting the burden’ systems archetype)

	L1–L5
	This is a reinforcing loop. The use of feed substitutes is a short-term solution to the  problem of water availability, not a long-term solution. If dairy access to feed substitutes increases, dependence continues. Both dairy and horticulture are tied to the accessibility of feed, as horticulture relies on dairy’s access to feed substitutes to purchase irrigated water. If both industries have not addressed the need for diversification and adaptation, uncertainty about water access will continue. 

	L1, L2
	This is a balancing loop. As uncertainty about water access increases, dairy will use more feed substitutes as a lower cost alternative to irrigated pasture production. The use of feed substitutes is a symptomatic solution, reducing the initial problem of uncertainty about water access: as dairy requires less water, horticulture has greater access to water. If uncertainty about water access decreases, dairy uses less feed substitutes and used more irrigated water to grow pasture, so water is shared among more users, increasing uncertainty about access. 

	L5, L6
	This is a balancing loop. If uncertainty about water access increases, the need to adapt and diversify increases. As industries adapt and diversify, uncertainty decreases. Adaptation and diversification will vary with uncertainty about water access. 

	L10, L11
	This is a balancing loop. This loop reflects the behaviour of economic adjustment until the water market reaches equilibrium.

	L19–L26
	This is a reinforcing loop. If dairy becomes unviable, due to increased difficulty accessing feed substitutes, lack of adaptation and low market prices, so viability of horticulture is threatened as dairy famers exit the industry and terminate delivery shares due to high fixed costs. Maintenance costs increase for those remaining. If more horticulturalists exit, the number of stranded irrigation assets increases, threatening the viability of irrigation system, further increasing uncertainty about water access. 

	L26, L27
	This is a reinforcing loop. If the share of maintenance costs becomes too high for horticulturalists, they will begin exiting the industry and no longer use the irrigation system, further increasing the share of maintenance costs for irrigation infrastructure. 
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