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Heritage Council of Victoria
Case Study: Amazon

[bookmark: _Toc114654442]Image: Heritage Victoria 
Location
Inverloch, Shire of Bass Coast
[image: A picture containing a small locator map of Victoria showing the location of the Amazon shipwreck to the south-east of Melbourne on the Gippsland coast.]
Traditional Owners
Bunurong People
Main Impacts
· [image: ]  Sea levels rising by around 24cm
· [image: ]  More intense downpours
Type
19th century coastal shipwreck, comprising:
timber and metal objects.
Heritage Listing
Victorian Heritage Register
The place
Imagery ©2023, CNES / Airbus, Maxer Technologies, Map data ©2023 Google
The barque Amazon was built in 1855 in Jersey, one of the Channel Islands of the United Kingdom. In December 1863, after clearing Port Phillip Heads, the vessel lost sails in a severe gale, and was driven ashore at Inverloch on the Bass Coast. The wreckage is scattered across the beach, and the main section of the wreck is in shallow water. 
Parks Victoria is responsible for managing Amazon and the surrounding land. Active management is limited to times when the shipwreck is exposed, as happened in 2018. At such times Heritage Victoria is contacted to aid the management of the wreck. 
Heritage significance
Scattered material from the wreck along the beach. (Image: Heritage Victoria)
Amazon is significant as a rare example of a mid-nineteenth-century international wooden trading ship in Victorian waters. It is important for its contribution to Victoria’s economy in the 1800s. It has the potential to shed light on meat processing, packing and transporting practices from that time, as well as Jersey shipbuilding techniques. Since its exposure in 2014, the wreck has also become an important place to the local Inverloch community, inspiring the creation of the Amazon 1863 Project Inc. group who participate in monitoring the wreck.
Climate change impacts
The Amazon wreck lies on a dynamic coast that has experienced a substantial loss of beach and dune sand in recent years. The effects of climate change, particularly more frequent and more intense storms and storm surges, are expected to have a significant impact at the site. 
For most shipwrecks, a warmer and more humid climate will impact the population and life cycle of marine invertebrates or marine fauna as well as the timber of the wreck, increasing the rate of deterioration of the fabric. In the case of Amazon, however, the most substantial climate change impacts are associated with physical damage to the wreck as a result of storm surges.
Site vulnerability and heritage impacts
More frequent and larger storm surges will increase erosion and expose the wreck more often and more completely. This will increase the rate of deterioration through tidal and wave action physically impacting and dispersing the wreck site. 
More frequent and intense storms are likely to result in changing the direction of Wreck Creek and where the creek mouth opens near the site of Amazon. This will continue to cause erosion across the site and expose new material. 
Repeated burial and exposure will lead to instability of the Amazon shipwreck material. Waterlogged timbers warp and crack when they dry out and the damage worsens as this action repeats over time. Algal, fungal and bacterial growth also degrades exposed timbers, causing the material to rot. 
A warmer climate will increase the risk of timber and iron being decayed by fungal and bacterial attack or damage by marine organisms that bore into timber. Changes to marine conditions such as salinity or pH could increase the corrosion and decay rates of timbers and metals.
Coastal erosion will result in more exposure and degradation of the wreck. Over the last 10 years, approximately 60–70 metres of sand have been lost laterally from the beach.

Repeated burial and exposure leads to degradation of the timber as well as algal, fungal and bacterial growth. (Image: Parks Victoria)
Current management for climate resilience
Given the shipwreck is in an uncontrolled dynamic environment, it is inevitable that it will gradually decline. This means the broad management approach to climate impact is mainly reactive. The focus is on monitoring and recording rather than building resilience. Parks Victoria patrols the area after major storms, collecting any material that is dislodged from the wreck and erecting signs regarding its protection and significance. Parks Victoria also contacts Heritage Victoria when new elements of the wreck are exposed, so archaeologists can assess, record and collect new features or artefacts. 
The Amazon 1863 Project Inc. community group is active in protecting and promoting the wreck when it is exposed, placing signs about the site and protecting exposed elements. The Inverloch Surf Lifesaving Club also provides monthly updates to Heritage Victoria regarding the exposure and state of the wreck. 

Part of the beach site before (top) and during (bottom) excavation. (Image: Heritage Victoria)
Potential strategies for building resilience
Coastal shipwrecks are transient and deteriorate over time, particularly when they are in the intertidal zone. Strategies for protecting and conserving the wreck therefore need to move from short-term strategies such as beach renourishment to long-term strategies such as curated decay. Managed and carefully recorded decay can be a conservation strategy for shipwrecks in accepting inevitable loss and degradation over time. This ensures that the site is documented and significant elements can be selectively removed for conservation. 
Balancing the often conflicting aspects of social and physical significance also needs to be addressed. Building awareness about the ephemeral nature of the wreck and interpreting the intangible significance to the community will involve managing community perceptions and expectations. Installing interpretation will ensure the story is carried through to the future. Ensuring the wreck is properly recorded for both scientific and interpretative purposes is key.
Given the wreck is managed by a government agency, plans and policies for its management could also be integrated with the Victorian Government’s Cape to Cape Resilience project. This project is a proactive strategy for building coastal resilience from Cape Paterson to Cape Liptrap. It brings together scientific and technical assessments and community aspirations.
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Heritage Council of Victoria
Case Study: Dow’s Pharmacy

Location
Chiltern, Indigo Shire
[image: Small locator map of Victoria showing the position of Dow's Pharmacy to the north-east of Melbourne, close to the border of New South Wales.]
Traditional Owners
Yorta Yorta People
Main Impacts
· [image: ] Average annual temperature increase of up to 2.4°C
· [image: ] More intense downpours
Type
19th century brick shop, comprising:
· low-fired soft brick walls and metal roofs
· internal collections.
Heritage Listing
Heritage Overlay
The place
Imagery ©2023, CNES / Airbus, Maxer Technologies, Map data ©2023 Google
From 1859 the site of Dow’s Pharmacy was occupied by an earlier medical dispensary before being replaced by the existing pharmaceutical shop and residence in 1868. Roy and Hilda Dow occupied the pharmacy from 1929 until 1968, when it closed. 
The interior appears as it was during the Dows’ occupancy. The collection, dating from the nineteenth and early twentieth centuries, includes stock in original packaging, bottles containing ingredients for medications, shop fittings, records, and pharmaceutical equipment. 
In 1988 Hilda Dow donated the building to the National Trust of Australia (Victoria). The building is now open to the public as a museum.
Heritage significance
Dow’s Pharmacy is significant as a rare example of an early goldfields medical dispensary, retaining a pharmaceutical collection dating from the gold era to the mid-twentieth century. The pharmacy is also important for illustrating a range of medical treatments and equipment over the 100 years of its operation, and for the completeness of the collection of pharmacy items preserved inside.
Climate change impacts
Dow’s Pharmacy is expected to experience changes in seasonal rainfall and higher mean temperatures. Droughts are expected to be longer and more intense, and the climate is likely to become drier.
Storms with more extreme rainfall and stronger winds will be more frequent and severe. This could periodically raise the local water table, resulting in significant impacts to the building and collection that are already at risk due to chronic damp.
Site vulnerability and heritage impacts
Dow’s Pharmacy is a low-fired brick building on shallow stone footings. It has a corrugated iron roof and a timber-framed rear extension. As an aging vernacular building in an inland regional town, its rate of decay and fabric deterioration will be accelerated by climate change.
Hotter temperatures and more frequent and intense storms will increase movement in the shallow stone footings and consequent cracking of the walls. High winds could damage or dislodge roofing or fixings, allowing rain into the building, and damaging signs and awnings. The risk of flash flooding will increase, allowing surface water to enter the subfloor space more often. The damper conditions will also accelerate rot in timber elements (stumps, bearers or joists) and carry more salts into the soft, porous brickwork, resulting in more rapid decay. 
Greater expansion and cracking of other building fabric, and deterioration of the collection inside, could accelerate because of the damper conditions and more extreme wet–dry cycle predicted. 
A hotter and damper environment will also result in damage to the collection, with labels delaminating from bottles, silvering peeling off glass, and cardboard packaging deteriorating. Higher daily temperatures are likely to result in some contents expanding and changes to any unstable chemicals in the collection. 
The significance of the collection will be compromised if its documentation is not completed before further deterioration occurs.

The collection is especially vulnerable to hotter and more humid weather (e.g. labels delaminating from bottles, contents expanding, cardboard packaging deteriorating, and silvering peeling off glass).

Issues of rising damp and humidity will impact the collection through the growth of mould and increased insect activity.

Rising damp and humidity carry more salts up into the brickwork. Salts on the wall surfaces will result in more rapid decay of the soft, porous brickwork. 

Drainage issues at the base of the building will result in movement in the shallow stone footings and consequent cracking of the walls. 
Current management for climate resilience
The National Trust’s Climate Action Plan 2021–2023 sets its agenda for responding to climate change risk. The Trust believes that the best strategy for climate resilience is pre-planning and timely maintenance. 
The Trust and the property manager are putting systems in place to take a more proactive approach to the management of the site. Climate change impacts are being integrated into these new management plans and processes, and an asset management strategy and asset management plan are being developed. The strategy will develop the overarching policy and resources. The plan will deal with specific challenges that Dow’s Pharmacy will face. It will include a section on climate risk, framing more proactive management approaches. Climate resilience will be managed through the continued refinement of existing plans and policies and the development of new ones, informed by continuing discussions with stakeholders.  
A data logger was installed in 2021 to monitor the internal environment for damp. A maintenance plan for the property is revised each year, and a disaster plan is in place. Disaster bins are ready to store and transport the collection in an emergency.
Proposed works to mitigate climate impacts on Dow’s Pharmacy include replacing and repairing the corroded roofing and increasing the gutter size and number of downpipes to accommodate increased rainfall. 
Other vulnerabilities and consequent priorities are difficult to determine at present because the collection is still being investigated and documented.
Potential strategies for building resilience
Immediate actions that would improve climate change resilience include:  
· improving drainage or other works to prevent oversaturation of the soil around the building, in consultation with local authorities
· replacing guttering and downpipes with a larger-capacity system to prevent further decay of the building
· repairing structural cracking and desalting and repointing fragile brickwork
· reducing the risk of rising damp, salt attack and subfloor flooding by lowering the surrounding ground level
· removing or replacing impermeable cement renders, coatings and other fabric with permeable materials
· coating the exposed western wall with permeable limewash to improve weather protection
· commissioning conservation documentation to scope funding for improvement works
· installing air-conditioning to dehumidify the interior
· restumping the building. 
In the longer term, collaboration and knowledge-sharing with managers of properties that are facing similar vulnerabilities would support and improve the collective climate change response. The preparation of a conservation management plan would help guide planning and develop a climate change strategy for the site. The completion of the collection cataloguing and documentation will be essential for informing the prioritisation of actions. 
The climate change resilience of the place would also be enhanced by developing an evacuation plan for the contents and training staff and volunteers in disaster response.
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Heritage Council of Victoria
Case Study: Great Ocean Road

Image: Visit Victoria / Belinda VanZanen
Location
South West Victoria, Surf Coast Shire; Colac Otway Shire; Corangamite Shire; Moyne Shire
[image: A small locator of Victoria map showing the coastal path of the Great Ocean Road to the south west of Melbourne.]
Traditional Owners
Wadawurrung and Eastern Maar Peoples
Main Impacts
· [image: ] Sea levels rising by around 24cm
· [image: ] More intense downpours
Type
Historic infrastructure, comprising:
· asphalt, road base and sub-base
· built elements including the memorial arch, retaining walls, drains and culverts.
Heritage Listing
National Heritage List
The place

Imagery ©2023 TerraMetrics, Map data ©2023 Google
The Great Ocean Road was constructed between 1919 and 1932, as part of a repatriation and war memorial project. It stretches for 242 kilometres through south-western Victoria, from Torquay to the Princes Highway east of Allansford, and is the largest war memorial in the world. It is also a critical piece of road infrastructure, providing access for coastal communities along its length.
The road is managed primarily by Transport for Victoria because it is active infrastructure. The Great Ocean Road Coast and Parks Authority (GORCAPA), established in 2020, manages coastal Crown land along the length of the Great Ocean Road in partnership with the Wadawurrung Traditional Owners Aboriginal Corporation and the Eastern Maar Aboriginal Corporation.
Heritage significance

The Great Ocean Road winds sinuously through a dramatic landscape. (Image: Visit Victoria  / Jarrod Andrews)
The Great Ocean Road – the road itself and road infrastructure – is significant as a tangible reminder of the work undertaken from 1919 to 1932 by returned servicemen to honour their comrades who died in the First World War. It is also important for its potential to contain features, deposits and relics associated with the building project and occupation of construction campsites and toll booths, and as an outstanding example of how a road was constructed largely by manual labour over very difficult terrain. It is significant as a sinuous road winding through a dramatic landscape and as an internationally renowned, iconic road. 
Climate change impacts
Due to its extreme coastal location, large parts of the Great Ocean Road are already experiencing the effects of sea-level rise and associated worsening coastal flooding, inundation with sea water, storm surge and coastal erosion. Storms and downpours are likely to be more intense and frequent, resulting in increased damage from rockfalls and landslips. 
The road is in an area of high bushfire risk, and the frequency and intensity of bushfires is expected to increase as a result of climate change. 
Climate change is also expected to bring about an increase in the area of acid sulfate soils. The release of large amounts of sulfuric acid, iron and aluminium associated with this will cause major impacts on infrastructure and the environment.
Site vulnerability and heritage impacts
The consequent climate change risks to the heritage values of the site are complicated by other factors such as increasing tourist visitation and issues of public safety. 
As an isolated and lengthy piece of infrastructure in a highly exposed and volatile environment, the Great Ocean Road is extremely vulnerable to the impacts of coastal erosion and bushfire. 
Damage from rockfalls and landslips, storm surges, inundation and related coastal erosion is already experienced and predicted to increase in severity and frequency. Combined with more intense rains or inundation, washouts of surfaces, sink holes or subsidence of road will be more frequent.
More frequent bushfires will impact the landscape and settlement pattern, as well as the fabric of the road itself (loss of signage, asphalt melting or softening and cracking). The forested sections of the inland section between Apollo Bay and Lavers Hill will be extremely vulnerable in this regard. 
Works undertaken to limit the risk to the road itself and to public safety, such as rerouting to avoid hazardous sections and the construction of barriers, caging to prevent landslides and clearing for firebreaks, are likely to compromise the heritage values of the road and its environs. 
Climate change is also expected to impact residents’ and visitors’ experience of the road. Anticipated indirect impacts include loss of significant landscape setting, deterioration or loss of sections of road, loss of walking tracks and lookouts, and reduced connectivity between communities. Changes to vegetation, wildlife and ecosystems due to higher temperatures, longer and more intense droughts and more frequent burns could also change the dramatic landscape views from and to the road.

Landslips blocking and undermining the road. (Image: Department of Transport)

Flood damage along the road. (Image: Department of Transport)
Current management for climate resilience
Transport for Victoria’s management for climate change risk has involved responding to hazards identified by daily VicRoads patrols along the road. However, the organisation is becoming more proactive in planning for future scenarios for the asset in a changing climate. 
GORCAPA is working with relevant government agencies to develop and implement Coastal Adaptation Plans for the Great Ocean Road coastline. Projects already delivered include the construction of new groynes at Apollo Bay that will protect a section of the road from coastal erosion. The Authority’s drone surveys are providing data to help manage areas where coastal hazards are expected to increase because of climate change.

Work to prevent rockfalls and erosion beside the road. (Image: Department of Transport)

Replacing culverts near Wye River. (Image: Department of Transport)

Strategies for building resilience
Coastal Adaptation Plans being developed will identify short and long-term options for managing the impacts to the heritage road and protecting foreshores, Crown land and critical infrastructure from storm surge, wave attack and rising sea levels.
There is recognition of the need to become more proactive in preparing for climate change, rather than being reactive. A new overarching strategic planning framework is being developed for the Great Ocean Road region to give effect to the long-term vision for the region. The framework will consider the broader area holistically and climate change will be an important layer. 
The Great Ocean Road Action Plan 2020 recommends a review of the long-term risks from coastal erosion and inundation, severe weather events and climate change on coastal Crown land and assets. Shifting and elevating values for other parts of the region away from the road, such as the hinterland, could relieve pressure on the Great Ocean Road itself. 
Specific actions cannot be identified until threats to particular parts of the road are identified. Key actions to aid this will include:
· monitoring and regular maintenance
· installing safety barriers and signage
· emergency work to stabilise the road
· relocating sections of road to safer ground
· constructing new roads to improve connectivity between communities
· collating data and analysing with mapping and modelling tools to help identify key pressure points.
Engineering and maintenance strategies remain a key tool for building resilience. The use of matrices incorporating climate, aesthetic and other factors when determining engineering treatments to prevent or minimise rockfalls is becoming common practice. 
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Heritage Council of Victoria
Case Study: ICI House

Location
East Melbourne, City of Melbourne
[image: A small locator map of Victoria showing ICI House in Melbourne]
Traditional Owners
Wurundjeri People
Main Impacts
· [image: ] Double the number of very hot days
· [image: ] More intense downpours
Type
Postwar high-rise office building, comprising:
· glass curtain wall 
· metal and concrete elements.
Heritage Listing
National Heritage List
The place

DTP VicPlan web map
ICI House (also known as Orica House) in East Melbourne, just outside the city’s CBD Hoddle Grid, was one of the first high-rise buildings in Australia. Completed in 1958 to a design by architects Bates Smart McCutcheon, it was the tallest building in Australia until 1961. 
The building features one of the first true glass curtain facades in Australia, constructed with specialised German glass fitted to a steel and concrete frame. The prismatic form and uncompromising architectural expression heralded by the building became synonymous with progressive corporate architecture in the economic boom of the 1950s. 
ICI House is managed by its current owners, Charter Hall.
Heritage significance
ICI House is significant as the first International Style skyscraper in Australia, redefining height restrictions in Melbourne. It is an example of Australian architecture engaging with new trends in international architecture in the 1950s, notably in the use of glass curtain wall technology and the innovative use of materials and construction methods such as precast concrete units in structural members and flooring. 
Climate change impacts
As a high-rise building in an urban setting, ICI House is expected to be impacted by more frequent hot days. Local urban temperatures are predicted to increase by several degrees because of extra heat radiated from buildings, roads, footpaths and other hard surfaces. More frequent and intense storms are also expected. This will increase the risk of damage to the significant curtain wall facade and put pressure on existing drainage infrastructure. 
Site vulnerability and heritage impacts
The external envelope of ICI House is exposed to heating by the sun, and water and wind pressures, particularly on its eastern, southern and western façades, as well as heating from within the building. This is exacerbated by its elevated position and urban context.
The original design elements, most notably the glass curtain wall, are vulnerable to extreme weather, especially high winds, gales and hailstorms, as windblown particles and debris can cause major damage. In 2021 debris carried by gale-force winds damaged a glass panel of the curtain wall.
Other heat-related impacts already experienced at ICI House include the accelerated deterioration of materials, including glass (and silicone over-sealant), metal and concrete, caused by increased radiant heat from direct and reflected sunlight and more extreme external temperatures. 
Other climate change vulnerabilities are associated with the physical qualities of a glass and concrete structure (such as heat retention and radiation) and the environmental performance of the building. The original design of many postwar office blocks like ICI House required air-conditioning to provide occupant comfort. Its performance and that of the façade was limited by the technologies at the time. The building will be put under increasing pressure as a result of intensifying climatic conditions. The greenhouse effect of the glass façade, which traps heat inside the building, and the high heat gain through the glass in summer are other challenges for the building’s environmental performance.
Building Code requirements relating to improving energy efficiency in deteriorating climatic conditions (such as increasing temperatures) will force some change or adaptation of the external fabric, which could impact the heritage significance. Appropriate responses should consider the use of materials that are visually sympathetic to the original fabric.

In 2021, debris carried by gale-force winds damaged a glass panel of the curtain wall.

Climate change will accelerate deterioration of materials, e.g., more frequent and intense storms will lead to recurring damage to gutters.

Impacts related to heat already experienced at ICI House include debonding of silicone over-sealant in the curtain wall. 
Current management for climate resilience
The building owner manages the building under a suite of asset management, environmental management and life-cycle plans and other policies. The company is taking a proactive role in reducing the impacts of climate change on both ICI House and the environment. The building has been evaluated in terms of its carbon footprint and carbon neutrality, and has a 4.5-star energy rating, which is comparable to contemporary buildings in the Melbourne CBD. This has been achieved through a variety of strategies, including:
· using sheer curtains or block-out blinds on one side of the building to reduce the heat load
· installing a centralised air-conditioning plant to replace underperforming independent plants
· installing more efficient lift systems that use considerably less energy.
Monitoring the impacts of climate change is also an important part of the current management strategy. Any deterioration is noted during regular inspections of the building structure, and may result in a more extensive investigation and remedial action. 
When damage or deterioration has occurred, the heritage significance and the history of the building are considered when repairing or replacing material. The original architects, Bates Smart, are still present on the site, enabling the building manager to draw on their experience and intimate knowledge of the building, its materials and history.
An environmental management plan has been initiated to assess both the resilience and investment return of the building. Relevant information about the building and its history continues to be collated and centralised for future management and research use. 
Discussions with relevant stakeholders are ongoing. This includes quarterly sustainability management meetings with tenants to discuss both the performance of the building and tenancy operations from a sustainability point of view, including considerations regarding energy, water and waste management.
Potential strategies for building resilience
A prioritised climate change adaptation plan for ICI House, being prepared by Charter Hall (the current owners), will guide future strategies. The plan will include monitoring the climate change impact on the building as well as its impact on the environment. Strategies for building resilience could include:
· ensuring the curtain wall can resist high winds
· inspecting the glazing system, structure and fixings annually and undertaking timely repairs when required 
· upgrading the heating, cooling, lighting and lift systems to incorporate contemporary energy efficiency designs and technologies
· upgrading the glazing system to improve its performance if this can be done without impacting significance.
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Heritage Council of Victoria
Case Study: Mooramong Homestead

Location
Skipton, Corangamite Shire
[image: A small locator map of Victoria showing the position of Mooramong to the south-west of Melbourne.

]
Traditional Owners
Wadawurrung People
Main Impacts
· [image: ] Longer fire seasons, with up to double the number of high fire danger days
· [image: ] Double the number of very hot days
Type
19th century rural complex, comprising:
· timber and concrete structures with metal roofs
· internal collections and objects 
· historical garden and other landscaping.
Heritage Listing
Victorian Heritage Register
The place
DTP VicPlan web map
Mooramong is a 1560-hectare farm near Skipton in western Victoria. In 1838 Scottish immigrant Alexander Anderson took up a squatting run, Baangal, that included the present-day farm. The original timber homestead was built in 1873. It was extended by various owners before the property was purchased in 1926 by L.K.S. Mackinnon as a 21st birthday gift for his son Donald. 
In 1938 Donald’s wife, Claire Adams, a Hollywood silent screen actor, commissioned Melbourne architect Marcus Martin to modernise the homestead. New interiors were created in the glamorous Moderne style and a swimming pool was added. The property includes a collection of objects and photographs, gardens, outbuildings, a nature reserve and a working farm. It is open to the public once a month.
The place is managed in three distinct areas: the homestead and gardens, the farm, and the nature reserve. The National Trust of Australia (Victoria) manages the homestead and gardens and the nature reserve, but the farm is operated by leaseholders.
Heritage significance

Front view of the homestead and gardens.
Mooramong is significant as a grand nineteenth century Western District house, and for its association with Alexander Anderson, Claire Adams and her husband Donald Mackinnon. The collection of objects reflect the privileged life of wealthy Western District landholders in the twentieth century, and the interior demonstrates fashionable 1930s tastes in Victoria. Two prominent Victorian architectural firms, Davidson & Henderson (1873) and Marcus Martin (c. 1938), are associated with the original building and major alterations in the 1930s.
Mooramong is also significant to the Wadawurrung People, particularly because of the presence of stony rises, a geological formation of cultural heritage sensitivity.
Climate change impacts
Higher mean temperatures are likely to cause more frequent and intense flooding, erosion and soil degradation at Mooramong. More frequent and sustained droughts threaten the place and its landscape setting. Risks to the place and its valuable collection are posed by the likelihood of more frequent and more severe bushfires, grassfires and heatwaves.
The property is already experiencing periods of more intense seasonal rainfall and storms.
Site vulnerability and heritage impacts
As an isolated rural property surrounded by native grassland, Mooramong and its timber buildings are extremely vulnerable to fire. 
Vegetation on the property, including the two surviving significant trees, are vulnerable to damage or death because of the increased fire risk, higher temperatures and reduced water availability. Although bore water is available, it is too saline to be used for irrigation in the long-term. It can also damage building fabric if it is used for cleaning.
Higher internal humidity has been experienced in the house due to rising dampness from the slab following heavy rainfall. This increases the risk of mould and fungal growth and insect attack on the building fabric. Mould could also damage furniture, artwork, clothes, jewellery, tableware, books, photographs and curios, and affect the health of employees and visitors.
Trees and buildings will be more vulnerable to stronger winds, and there is a greater likelihood of tree damage and damage due to wind-borne debris. Structures in poor repair are especially vulnerable because they may be blown down or lose roofing because of corroded fixings or timber shrinkage.
More frequent closure of the property to visitors due to climatic risks may reduce the financial viability of the property. This would make financing important maintenance and climate resilience works challenging. 

Roof damage to an outbuilding from a severe storm. More frequent severe weather events will result in a greater likelihood of tree falls.

Damage to the fabric in the toilet caused by bore water. Bore water available on site is too saline to be used in the long-term without treatment.

Deterioration or damage to internal collections.
Example of a damaged object: increased humidity caused the salt to expand and crack a rabbit salt shaker.

Current management for climate resilience
The National Trust’s Climate Action Plan 2021–2023 sets its agenda for responding to climate change risk. The National Trust believes that the best strategy for climate resilience is pre-planning and timely maintenance. 
The National Trust and the resident managers are implementing systems to take a more proactive approach to the management of the site. Climate change impacts are being integrated into new management plans and processes, and an asset management strategy and asset management plan are being developed. This work will take into account the climate risks facing Mooramong, enabling management to be proactive rather than reactive. 
The nature reserve is under a covenant and has a separate management plan with an ecological framework. 
Potential strategies for building resilience
Immediate actions that would improve climate resilience and protect site values include:
· ensuring that the asset protection zone is maintained for protection against wildfires 
· installing ember mesh to prevent embers entering the subfloor and roof spaces
· installing roof sprinklers on the most important buildings
· installing disaster bins to store and transport the collection in an emergency
· insulating the roof space to reduce the heat load inside the house
· fitting seals around door and window frames to reduce heat loss in winter and reduce the risk of ember attack and smoke damage during fires
· opening the house up to enable it to dry after long rain periods
· installing an internal climate control system and data logger to monitor damp
· regular inspections to monitor the condition of the house, outbuildings, garden and collections.
In the longer term, collaboration and knowledge-sharing with managers of properties that are facing similar vulnerabilities would support and improve the collective climate change response. For example, the Landscape Succession Strategy implemented by the Royal Botanic Gardens, Melbourne, could be used as a model for building landscape resilience at Mooramong.
Updating the conservation management plan that integrates a climate change strategy for the site would help guide planning. The full assessment of the significance of the various elements and the risks to them will be essential for informing the prioritisation of actions. 
The current funding model provides funds for capital works. Access to funding that provides for ongoing maintenance and other works would help improve resilience for climate change. For example, treating bore water to remove salts and other impurities would bolster water availability on the site.
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Heritage Council of Victoria
Case Study: Mount Buffalo Chalet

Location
Mount Buffalo, Alpine Shire
[image: A small locator map of Victoria showing the position of the Chalet to the north east of Melbourne]
Traditional Owners
Taungurung People
Main Impacts
· [image: ] Decline in alpine snowfall of 35–75%
· [image: ] Average annual temperature increase of up to 2.4°C
Type
Early 20th century alpine hotel, comprising:
· large timber building with metal roof
· historical garden
· internal collection.
Heritage Listing
Victorian Heritage Register
The place

DTP VicPlan web map
The Mount Buffalo Chalet was designed by the Victorian Public Works Department and opened in 1910 as a government-owned hotel. Situated in an extensive area of native forest in Mount Buffalo National Park in the alpine region of Victoria, the timber building is one of the largest chalet complexes in Australia. 
It was in continuous use as a year-round alpine resort until 2006. Victorian Railways managed the chalet from 1924 to 1998, when Parks Victoria took over the management. 
Heritage significance
The Mount Buffalo Chalet is significant for its links with the history of leisure in Victoria and its use as a government-run tourist destination for almost 100 years. It is notable for its role in promoting the use and development of Mount Buffalo National Park, and for its association with Victorian railways. It is also important for its scale, its consistent and intact architectural style, and the horticultural significance of its gardens. The chalet’s collection forms part of its significance and includes furniture, ornaments, artworks, plans, photographs, maps, uniforms and recreational equipment.

Isolated bushland setting of Mount Buffalo Chalet.

View of snow coverage during the winter season.
Climate change impacts
Mean annual temperatures in the Australian alps are predicted to be 4°C to 5°C higher than at present by 2100.[footnoteRef:1]  Heatwaves, drought, gales and fires in mountain forests are expected to be more frequent and more intense. [1: 	Australian Alps National Parks 2016. Australian Alps Climate Futures: Taking Action Now to Strengthen Resilience—Summary Report.
] 

Annual rainfall and snowfall are expected to decrease by up to 20%, resulting in a change in the freezing and thawing cycle. The potential for fungal rot is likely to increase as a result. 
Extreme rainfall is expected to be more frequent, and the interval between wet periods will be drier.
Site vulnerability and heritage impacts
As an isolated timber building surrounded by a garden in a native forest, Mount Buffalo Chalet is extremely vulnerable to bushfire. Firefighting is likely to be restricted to aerial bombing with water and fire retardant and the application of the site’s local sprinkler system. The surrounding area will require ongoing vegetation maintenance such as tree felling and firebreak clearing, which may affect the visual setting of the place.
Trees dying because of rising temperatures, increasing drought and insect attack will leave more dry debris to burn. Dying and dead trees are more vulnerable to strong winds, increasing the likelihood of tree falls, windborne debris and subsequent structural damage to the building. 
More frequent and severe storms, as well as subsequent drying, may make timber fabric, some of which is already decayed or rotting, more vulnerable to damage (e.g. warping and splitting of weatherboards). Intensified downpours could overwhelm existing roof plumbing and site drainage systems. 
The furniture, ornaments, artworks and other objects in the chalet collection are at risk from fire. They are also at risk from fungal attack and general deterioration caused by both dampness resulting from water penetration and an abnormal wet–dry cycle that may affect the internal conditions in the chalet.

Damage to timber boards exacerbated by changes to the freeze–thaw cycle.
Current management for climate resilience
Parks Victoria uses a risk assessment approach to adapt park management in the face of climate change, particularly in relation to extreme weather, but its focus is largely on natural values. A heritage action plan for the chalet, prepared in 2002, does not address the effects of climate change.
Bushfire preparedness, including seasonal burning for asset protection, is a strong focus of the management of the site. However, seasonal burning for bushfire protection is likely to become more problematic because the period for safe burning is predicted to shrink substantially, and there may be some years where it is not possible. 
When a bushfire threatened the chalet in January 2020, the moveable collection in the building was relocated, but was returned after the threat had passed because of the primary association of the collection with the place. 
A conservation management plan prepared for the chalet’s heritage gardens focuses on the restoration of the gardens and does not address the potential effects of climate change.

An aerial tanker dropping a line of fire retardant around the chalet during the 2019–20 fires to provide a defendable line in case the nearby fire came closer. 

Burning of collected heavy fuels from around the Mount Buffalo Chalet to reduce the fire risk, under the control of Forest Fire Management Victoria.
Potential strategies for building resilience
The heritage action plan for the chalet needs to be revised to account for the predicted effects of climate change, particularly the expected increase in frequency and intensity of bushfires, extreme rainfall events and fluctuations in the freeze–thaw cycle.
Plans for aerial firefighting should be reviewed in the light of this scenario, and the ability of the existing sprinkler system to protect the chalet and garden should also be assessed.
Changes to the fabric of the building to make it less prone to damage from fires and fungal attack might be possible (e.g. replacement of timber weatherboards with fibre-cement boards), but this would be a last resort following exploration of all other options. 
Immediate actions that would improve climatic resilience include:
· using non-flammable surface treatments (e.g. fire retardant coatings on timber surfaces) and walls as part of the landscape around buildings
· maintaining the landscape around the chalet to ensure the asset protection zone is kept against bushfires
· preserving defendable space around buildings to maintain asset protection zone; actions might include sustaining lawns, reducing the tree canopy close to buildings, reducing undergrowth, removing flammable materials such as stored fuel from the vicinity of buildings
· providing firefighting systems to maintain backup power and water supply for firefighting
· installing roof sprinklers to protect most important buildings if backup water is available
· installing air-conditioning to control the temperature and humidity inside the chalet.
The climate change resilience of the place would also be enhanced by developing a formal evacuation plan for the contents. 
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Heritage Council of Victoria
Case Study: Point Cook Homestead and Stables

Image: Parks Victoria
Location
Point Cook, City of Wyndham
[image: Locator map of Victoria indicating the homestead location in Melbourne]
Traditional Owners
Bunurong People
Main Impacts
· [image: ] Sea levels rising by around 24cm
· [image: ] Longer fire seasons, with up to double the number of high fire danger days
Type
19th century coastal complex, comprising:
· bluestone and timber structures with metal roofs
· historical garden with trees, plants and landscaping.
Heritage Listing
Victorian Heritage Register
The place

DTP VicPlan web map
Point Cook Homestead is a single-storey, largely bluestone house built in stages from about 1857 for pastoralist Thomas Chirnside. It is surrounded by a large garden. A semi-detached weatherboard wing of the house may be an earlier structure dating from 1849. Substantial bluestone stables were erected before 1861 and are part of a complex of buildings on the site. 
The site was purchased by the Melbourne and Metropolitan Board of Works in 1978 and it now forms part of the larger Point Cook Coastal Park managed by Parks Victoria. 
Heritage significance

Front elevation of the homestead. (Image: Heritage Victoria)

View of stable building. (Image: Parks Victoria)
Point Cook Homestead and Stables is significant as one of the earliest pastoral homestead complexes in Victoria, and for its association with the Chirnside family, who were notable figures in the pastoral incursion into rural Victoria. The garden and parkland surrounding the homestead are significant as an enclosed landscape that provides a clearly defined setting for the building complex. The homestead also has archaeological importance for remnants of early built elements and landscaping, including a jetty. 
Climate change impacts
The site is in a low-lying coastal area that is predicted to be inundated by storm surges and flooding within the next 50 years. Severe storm activity, including severe winds, is also predicted to be more frequent and more intense, posing a risk of physical damage to the unused buildings and plantings.
Higher daily temperatures in summer, longer drought periods and a greater risk of bushfires and grassfires are also predicted.
Site vulnerability and heritage impacts
As a relatively isolated place surrounded by an extensive area of native grassland close to the bay, the Point Cook Homestead and Stables site is vulnerable to both inundation due to sea-level rise and grassfires resulting from higher summer temperatures. 
Inundation of the place from sea-level rise will affect the homestead, surrounding buildings and cultural plantings, and is also likely to result in the loss of archaeological remains. Increased airborne and soil salinity associated with sea-level rise, rising groundwater and storm surges will cause salt decay, which is a severe risk to the bluestone and mortar of the homestead and stable buildings.
Other climate change impacts relate to the aging timber sections of the homestead which are vulnerable both to fire and to an intensified wet–dry cycle. Increased drying, cracking, waterlogging, fungal rot and insect attack of timber can affect the structural integrity of the building and may require an increase in maintenance and repairs. 
Trees on the property will be extremely vulnerable to damage or death because of the increased risk of fire, increased temperatures and heatwaves, and the effects of increased soil salinity and reduced water availability. Dying vegetation is also more vulnerable to fire and high winds.
Structures in poor repair will also be more vulnerable to wind impacts, as roofs may blow off, particularly where fixings and sheeting are corroded by the salt environment. There will also be a greater likelihood of structural damage to the heritage buildings due to tree falls and wind-borne debris.
Its relative isolation and lack of use put the Point Cook Homestead and Stables at greater risk in a changing climate. It also limits the scope of operational monitoring of the place and the financial capacity for implementing resilience measures.

Some remnant fabric of the jetty has been lost in recent decades. The following images show the jetty in 1951 (left), 2011 (middle) and 2020 (right). Remnant archaeological remains are especially vulnerable to storm surges and sea-level rise. (Images: DTP VicPlan web map)
Current management for climate resilience
The site is unoccupied and there is no active use, and a management plan has not yet been prepared. The site is inspected daily by Parks Victoria rangers, and fuel loads are maintained regularly to limit the possibility of grassfires.
Climate change policies have been developed for the broader Point Cook area, but are mostly reactive in response to storms and bushfires. They also prioritise biodiversity issues and have limited focus on the impacts of climate change on cultural heritage, including asset and place management. 
Potential strategies for building resilience
Although inundation might be prevented by substantial engineering works, this is likely to be expensive and would not mitigate the impacts of increased airborne and soil salinity on the site. 
Because of the predicted inundation within the next 50 years, loss and degradation may be unavoidable. In the long-term, radical options for managing the site may need to be considered, such as:
· introducing drought-resistant and salt-tolerant plants found at local wetland environments, such as nearby Cheetham Wetlands
· embracing and carefully recording the managed decay as a conservation strategy
· relocating the entire complex to a site that will not be inundated, following a detailed archaeological investigation of the site. 
There is also scope for shorter term proactive management and planning for the effects of climate change. For example:
· ensuring the site is visited and not neglected; greater visitation and visibility will help generate public awareness of the place’s vulnerability
· undertaking necessary maintenance and repairs to ensure the building remains weathertight
· cleaning out rainwater systems, paying particular attention to gutters and rainwater heads, and collecting and storing water for firefighting
· monitoring the condition of timberwork and metalwork and ensuring painting is kept up to protect vulnerable surfaces (timber, iron and steel) from damp, salt-laden air
· maintaining trees in windbreaks around buildings and replacing dead or senescent trees to ensure the homestead complex remains protected from winds
· maintaining healthy vegetation in the coastal and intertidal zone to minimise erosion
· maintaining a defendable space around buildings for fire protection while maintaining the landscape setting
· developing a heritage action plan for the site to enable more strategic climate resilience planning and management actions for the entire site and its significant elements. This could include a reassessment of the values associated with the place and the development of heritage guidelines that explore options for preservation, tolerance for change, documentation, and long-term management and interpretation. 
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Heritage Council of Victoria
Case Study: Rippon Lea House and Garden

Image: Parks Victoria
Location
Elsternwick, City of Glen Eira
[image: A locator map of Victoria depicting Rippon Lea in Melbourne]
Traditional Owners
Bunurong People
Main Impacts
· [image: ] More intense downpours
· [image: ] Average annual temperature increase of up to 2.4°C
Type
19th century suburban complex, comprising:
· brick and timber walls, tiled roof, and cast iron ornamentation
· historical garden with fernery, irrigation system and other landscaping.
Heritage Listing
National Heritage List
The place
DTP VicPlan web map
Rippon Lea is a two-storey Italian Renaissance Revival brick mansion, set in extensive gardens covering 14 acres. It was built in 1868 for politician and merchant Frederick Sargood, but has been added to and remodelled, including the addition of a pool and ballroom in the 1930s. Outbuildings include stables.
The gardens feature a lake, hill and grotto, shrubberies and flower gardens, expansive lawns, shaded walks, glasshouses, a substantial fernery (shade house), a rose garden, an original orchard, a summer house and tower, and a gatehouse. The original garden scheme, including its irrigation system, is largely intact.
Rippon Lea was bequeathed to the National Trust of Australia (Victoria) in 1972 from the estate of the owner, Louisa Jones. It is open to the public and is used for public and private events. 
Heritage significance
Rippon Lea is historically important as an early estate with a sophisticated system for water self-sufficiency.
Rippon Lea is significant for its Lombardic Romanesque mansion, designed by prominent architects Reed and Barnes. Hollywood style additions made in the 1930s are significant in their own right. Rippon Lea is also important for its association with previous owners, the heritage fruit trees in the orchard, the design and layout of the mansion and gardens, and as an early example of water self-sufficiency.
Climate change impacts
Rippon Lea is expected to experience changes in seasonal rainfall and higher average temperatures, which will increase the duration and intensity of droughts. Heatwaves, reduced water availability and soil degradation are also expected.
More frequent storms with higher rainfall and greater wind intensity are predicted. This could periodically raise the local watertable and increase surface run-off and roof drainage, raising the risk of flooding and water penetration into the building. 
Site vulnerability and heritage impacts
As an urban property containing buildings and an extensive plant collection surrounded by increasing suburban development, Rippon Lea is vulnerable to storm damage and changing water availability and quality. 
Loss of species in the garden, particularly among the heritage fruit trees and older plants, and increased or new weed infestations are likely as the mean temperature increases and flooding becomes more common. 
Excessive run-off and flooding may damage pathway and driveway surfaces, the irrigation system, and trees. Trees are more likely to fall in high winds, particularly when the soil is saturated. 
The current water harvesting system is good, but reduced annual rainfall, poorer water quality, and changes in the broader water catchment are threats to the garden and orchard. 
Intense rain, hail, lightning, winds and flooding could have a dire impact on the building’s structure and on the plant collection. Accelerated deterioration or damage to the exposed paintwork, masonry, stained-glass windows and roofing is likely without appropriate management.
Gutters and downpipes are likely to overflow during torrential rain or become blocked by hail. The box gutters are a particular problem because they can overflow back into the building, causing mould, peeling paint and wallpaper, corrosion of pressed metal ceilings, electrical failures, and damage to furniture and other heritage items.
The basement of the mansion could be more susceptible to water entry from flooding during severe storms. Dampness may damage the important interior elements such as wallpapers, stained-glass windows in the stairwell, and cast plaster embellishments. 

Poor roof drainage is likely to lead to water damage internally.

Flood damage after a severe storm.

Tree and garden damage after storms.
Current management for climate resilience
Management is informed and guided by the Rippon Lea Conservation Policy, prepared in 1995, as well as the knowledge and experience of National Trust staff. The National Trust’s Climate Action Plan 2021–2023 sets its agenda for responding to climate change risk. 
Targeted maintenance is a fundamental part of the National Trust’s strategy for the property. The historic stormwater drains have recently been re-lined and are now coping well with water received on site. Documentation and record-keeping for the site is also improving. For example, paper-based gardens data was recently transferred to a digital format. 
Tree succession planning is also under way. Preliminary research on suitable species is available but existing and emerging research will be used to inform future succession planning.  
The water supply, which includes a significant storage capacity in the lake, is adequate at present but is rationed in summer.
Potential strategies for building resilience
The National Trust considers that timely, proactive maintenance is the best way to improve climate resilience for Rippon Lea, but improved strategic planning would also help. New landscape succession planning models and strategies developed for the Royal Botanic Gardens and Carlton Gardens could help inform the practice at Rippon Lea.
Increasing the diversity of plant species and ages in the gardens, and choosing species better adapted to a warmer, drier climate, will improve resilience. Ensuring a reliable water supply and water quality is also seen as critical. For example, by installing large-capacity underground tanks or cisterns, which would have existed historically. Such approaches could be explored in an updated conservation management plan that incorporates climate change considerations and policies to assist conservation management and planning.
Additional immediate actions that would improve climate resilience include:
· planting species that are adapted to the predicted long-term climate for Melbourne 
· maintaining the original drainage system around the basement and not storing important collection items in this area
· investigating alternatives and providing improvements to roof drainage and discharge to cater for increased roof drainage flows
· maintaining natural ventilation to buildings
· insulating the roof space and upgrading heating and cooling systems to maintain suitable environmental conditions inside the building to protect heritage wallpaper and interiors
· adding fabric awnings to north and west facing windows where appropriate.
Actions that would help mitigate climate change impacts in the long term include:
· improving monitoring and record-keeping practices to enable a better understanding of the effects of climate change over time
· monitoring water use and water quality data, and their changes over time, to support the management of water on the site 
· carrying out urgent maintenance and upkeep works on the fernery
· building relationships and networks with specialised plant growers and collectors to improve accessibility to hard-to-find plant material that is important for maintaining the significance of the gardens and diversity of the plant population. 
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Heritage Council of Victoria
Case Study: Royal Botanic Gardens Melbourne

Image: GML Heritage
Location
Melbourne, City of Melbourne
[image: A small locator map of Victoria showing the location of the Royal Botanic Gardens in Melbourne.]
Traditional Owners
Bunurong and Wurundjeri Peoples
Main Impacts
· [image: ] Average annual temperature increase of up to 2.4°C
· [image: ] More intense downpours
Type
Historical botanical garden, comprising:
· trees and other plants 
· landscaping, paths and other built elements.
Heritage Listing
Victorian Heritage Register
The place
DTP VicPlan web map
Royal Botanic Gardens Melbourne was established in 1846. The site covers 38 hectares and supports more than 7500 species of plants from around the world, as well as buildings and other built elements. The layout, established by director William Guilfoyle between 1873 and 1909, has been maintained by subsequent directors. 
The Gardens comprise a living collection that has a role in botanical research and public education. Managed by Royal Botanic Gardens Victoria, it is open to the public and used for events and programs, as well as scientific research and recreation.
Heritage significance
Royal Botanic Gardens Melbourne is significant as Victoria’s earliest botanic garden. It contains some of Victoria’s oldest cultivated and commemorative trees. Together with the National Herbarium of Victoria, the Gardens have been the centre of botanical research, plant acclimatisation and species introduction into Victoria since its establishment in 1846. The layout and planting of the Gardens is significant as a 19th century style established by William Guilfoyle, and some buildings in the Gardens are architecturally significant.
Climate change impacts
As a result of climate change, the Gardens is expected to experience changes in seasonal rainfall. These changes are likely to cause less predictable and more frequent and intense storms, and more frequent and sustained drought. Severe storms and strong winds are associated risks of treefall and safety and damage to structures (for example, from hail damage).
Higher temperatures and changes in rainfall patterns are likely to favour the movement of new pests and diseases into the region, particularly from more northerly areas of Australia.
Other key climate change challenges include a significantly hotter prevailing climate (predicted to be on average 3–4°C hotter by 2070) and reduced rainfall (10% less by 2070),[footnoteRef:2] which require a strategic climate adaptation response and specific irrigation management across the site to maintain living collections.  [2: 	Dave Kendal 2018. Climate risk assessment of potential threatened species for the living plant collections in the Melbourne Gardens, Royal Botanic Gardens Victoria.
] 

Site vulnerability and heritage impacts
As a city botanic garden with an extensive living plant collection, the Gardens is particularly vulnerable to higher temperatures, more frequent and severe droughts, and changes in rainfall patterns, and the consequent risk of new pests and diseases of plants. The Climate Vulnerability Risk Assessment (2017) for the Gardens found that 12% of the current living plant collection is vulnerable and 18% has low to moderate vulnerability. By 2070, however, 26% will be vulnerable and 33% will have low to moderate vulnerability.
The aging plant populations and limited age diversity increase the risk to the living collection. Trees may become more vulnerable to stronger winds, with a greater likelihood of treefalls and subsequent structural damage to buildings, paths and other infrastructure. 
The landscape, living collections and built elements are likely to be damaged by more frequent and severe storms, particularly by strong winds, heavy rainfall and hail. Damage to physical fabric from these impacts is likely to extend to plants, garden beds and lawns and the washing away of heritage granitic and asphalt paths. Hail will damage lightweight structures and block drains, causing flash flooding.
The built fabric, particularly of older buildings, is also vulnerable to damage caused by an abnormal wet–dry cycle. Masonry buildings such as the former Director’s residence and the former Melbourne Observatory buildings may experience more extreme movement of their foundations and consequent cracking of walls because of the swelling and shrinking of soils. 
Lack of capacity in gutters and downpipes could result in overflowing gutters, allowing excess water to flow back into the building and causing water damage to building fabric, interior finishes and the Gardens’ significant herbarium collections, which are particularly vulnerable to damp and mould.
Scorched plants during a hotter period. Species viability is under threat due to a hotter prevailing climate. (Image: Royal Botanic Gardens Victoria)
Damage to landscaping including the washing away of paths will be more frequent with higher chances of major downpours. (Image: Royal Botanic Gardens Victoria)
More intense storms and stronger winds can increase the likelihood of treefalls. (Image: Royal Botanic Gardens Victoria)
Moisture ingress in the basement walls of the Magnet House. (Image: Context 2015)
Current management for climate resilience
The Royal Botanic Gardens Board views climate change as a broader strategic issue as well as a maintenance issue. The management strategy is future-focused, shifting towards quantifying vulnerability and risk in future climate change scenarios. Landscape Succession Strategy Melbourne Gardens 2016–2036 is now in place, and Melbourne Gardens Master Plan 2020–2040 and the conservation management plan for the Gardens and Melbourne Observatory include strategies for climate change resilience. 
Under its Landscape Succession Strategy, the Gardens is expected to reach 100% sustainable water availability and use by 2030 and have 75% of the living plant collection suited to the climate predicted for 2090 by 2036, including a mixed-age selection of plants composed of a diversity of taxa.
Its forward-thinking approach provides a potential model for other gardens and landscapes of heritage significance. Since the millennium drought, when water scarcity became an issue, the impacts of climate change have been readily observed at the site. In response, the functional wetlands system completed in 2012 now captures stormwater from within and outside the Gardens and circulates it through a series of wetlands. This has increased water resilience for the Gardens, particularly during long periods of drought. 
The working wetlands system, completed in 2012, has improved water availability and minimised reliance on potable water. (Image: Royal Botanic Gardens Victoria)
Potential strategies for building resilience
Water management with appropriate irrigation is paramount. The long-term aim for the Gardens is to be entirely independent of the potable water supply. Systems to complement the existing irrigation infrastructure could include additional stormwater harvesting from surrounding streets.
Melbourne Gardens Master Plan 2020–2040 identifies a set of actions that will respond to the increasing threat of climate change:
· upgrading to, and maintaining, a sustainable water supply
· increasing shade through tree planting to provide a comfortable environment, especially during hot weather
· capitalising on the Gardens’ microclimates to provide a balance between moderate and low water use plants, to help cool the site
· maintaining dense boundary plantings to reduce vehicle pollution
· active planning for mature tree losses by selecting and planting trees that support the Gardens’ landscape succession and species diversity goals.
To address the actions and priorities for built structures in the Gardens and Old Observatory grounds, the Royal Botanic Gardens Victoria has commenced work on a strategic asset maintenance and renewal plan that will determine actions to manage the impacts of climate on all built form assets. 
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Heritage Council of Victoria
Case Study: Warrnambool Christ Church

Location
Warrnambool, City of Warrnambool
[image: Small locator map of Victoria showing the position of the church in Warrnambool to the south west of Melbourne, on the coast.]
Traditional Owners
Eastern Maar People
Main Impacts
· [image: ] Sea levels rising by around 24cm
· [image: ] More intense downpours
Type
19th century church complex, comprising:
· limestone masonry walls, stained glass and tiled roofs
· garden with a memorial and plants.
Heritage Listing
Victorian Heritage Register
The place
Imagery ©2023 Airbus, CNES / Airbus, Maxar Technologies, Map data ©2023 Google
The Christ Church Complex in Warrnambool comprises the church, rectory, hall, school building and stable, as well as a First World War stone memorial in the church grounds, all enclosed by a stone wall. 
Designed by architect Nathaniel Billing, the original limestone church was completed in 1856. A porch, bell tower and other additions were made over subsequent decades. The tower was added in 1880 to a design by Melbourne architects Terry & Oakden and Warrnambool architect Andrew Kerr.
The complex is managed by the Parish of Warrnambool Council of the Anglican Diocese of Ballarat.
Heritage significance
The Christ Church Complex is significant for its association with the early history of the Anglican Church in Victoria and as a rare intact nineteenth century church complex combining religious, educational and recreational facilities. It is important architecturally as an example of the early work of architect Nathaniel Billing and for the involvement of architects Terry & Oakden and Andrew Kerr. Notable too are its visually cohesive design, with its fine Gothic detailing, use of locally quarried limestone and the quality of its interior decoration, fixtures and fittings. 
Climate change impacts
Although the site is on high ground, local sea-level rise would affect the broader township area in which the complex is situated. Increased airborne salinity, which is already a major challenge because of the coastal location of the site and its vulnerable materials, will compound existing conservation issues.
The complex will experience more intense and frequent storms, higher daily and mean temperatures, and longer drought periods as a result of climate change. 
Site vulnerability and heritage impacts
Climate change impacts will exacerbate conservation problems already experienced at the site. In particular, the soft limestone blocks and lime mortars used to construct the buildings are highly susceptible to salt penetration and weathering. The increasing intensity of storms will drive salt deeper into the walls and increase surface weathering, making conservation and maintenance even more difficult. Damage has already occurred to the church tower and walls, and deposits of salt on the inlaid tile work of the war memorial have had to be removed. Original paint schemes uncovered by recent conservation works will be threatened by an increase in levels of salinity and moisture.
There have also been unexpected indirect impacts at the site. For example, after severe bushfires in the Grampians (Gariwerd) region, cockatoos and corellas migrated to Warrnambool and caused physical damage to the soft limestone in buildings in the area including the church.
The site’s exposed position leaves it vulnerable to damage caused by extreme weather. The existing gutters and site drainage systems could be overwhelmed in severe storms, causing flooding and associated damage to infrastructure.
Stained-glass windows facing north and west are particularly vulnerable to hailstorms, which are expected to be more frequent and severe.
Lack of capacity in gutters and downpipes could result in overflowing gutters, allowing excess water to flow back into the building and causing water damage to the building fabric, interior finishes and fit-out.
The gardens surrounding the church, which provide a valued reflective green space for the wider community, will become more difficult to maintain in an increasingly hotter, drier and more storm-prone climate.

Salt deposition on limestone from gutter and downpipe overflow.

Entrance to church showing salt damage to limestone. 

A stained-glass window on the western wall of the church. Note the protective mesh installed to protect the window from storms and other damage.
Current management for climate resilience
Although there is a conservation management plan for the site, including the interior of the church, it does not consider the effects of climate change. 
The parish council is working with a consultant with expertise in materials conservation to mitigate the deterioration of the fabric. The proposed works include removing asbestos panelling and layers of acrylic and lead-based paint from porous stone surfaces to ensure breathability and allow the moisture content of the stone to be monitored. These conservation works are addressing the weathering and decaying of materials already caused by the slow accumulation of salt over time, but will help mitigate the acceleration of this problem that is expected under climate change.
In addition to existing conservation works, the addition of limewash or a similar porous substance is to be trialled to establish the rate of salt deposition.

Interior paint was removed in January 2022 to enhance the breathability of the materials.
Potential strategies for building resilience
A detailed survey and review of the fabric is needed to determine the materials, techniques and priorities for minimising water and salt penetration into the materials and preventing bird damage. Immediate actions that would improve climate resilience include: 
· ensuring that gutters, downpipes and drains are cleaned as part of regular maintenance, and replaced if their condition risks further decay of buildings
· inspecting roofs annually to check for failing or dislodged fixings, flashings and capping, and effecting repairs promptly
· reviewing drainage and maintaining air drains around walls to minimise moisture against walls and reduce damp
· enlarging the gutter and downpipes to enhance the building’s drainage capacity (using the same profile will have minimal visual impact).
Other considerations for climate resilience at the site include installing discreet protection for stained-glass windows, reassessing roof and stormwater drainage capacity in the light of increased intensity of rainfall and storms, and developing water resilience strategies to safeguard plants and gardens.
It will be important to build awareness among the church community because conservation works, which will enhance the significance of the place, will also result in some changes in the appearance of the place, such as limewashing of the interior.
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