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Abstract

:

As a coastal district located in the Southeast of Ho Chi Minh City (HCMC), Vietnam, Can Gio is characterized by low average terrains ranging up to only 1.5m above the sea level. Impacted by climate change and sea level rise in recent years, certain neighborhoods in the Can Gio District have been facing the loss of their residential and arable lands, as well as undesired relocations. Together with riverbank and coastal erosion, this phenomenon has several negative impacts on the lives of people in residential areas and on their economic activities. This research uses a literature review and observation as the main methods to explore the experiences of sea level rise adaptive housing and thereby suggests certain solutions for the Can Gio District. The solutions include saving space for water, elevating floors, constructing with floating floors, and creating biological ditches and osmotic lines to help quickly drain flooded water. These solutions aim to protect people’s lives and houses against the rising sea level and ensure the sustainable development of the neighborhoods.
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1. Introduction


Ho Chi Minh City (HCMC) is one of the 10 cities in the world most threatened by rising sea levels [1]. This city will face several negative changes from climate change and sea level rise (SLR), namely flooding, salinization in the dry season, and local flooding due to tides in the rainy season. Climate change increases the temperature of the oceans and accelerates ice melting, which leads to more severe droughts, floods, storms, and SLR. In addition, due to the resonance from human impacts on the natural environment, recent consequences of climate change have become more serious, particularly in urban, riverfront, and coastal areas. Because of that, there have been several studies on climate change that cover three main topics, including (1) identifying the nature, causes, and physical mechanisms of climate change; (2) assessing the impacts of flood caused by climate change and the vulnerability of communities in such contexts; and (3) finding solutions, strategies, and action plans for climate change mitigation and adaptation [2]. Specifically, these studies discuss the various impacts of floods on various aspects at multi-scales (city-wide [3], river basin [4], region-wide [5], and national-wide [6]), the integrated and dynamic risk assessment tools applied in different places with different contexts [4,7,8,9], and climate change mitigation and adaption approaches in urban flood management with certain top-down and bottom-up adaptive measures for housing and urban neighborhoods [10,11,12]. Accordingly, this article discusses the last topic, which reviews the worldwide experiences of adaptive measures for housing in flooded areas. Among the approaches to these issues, it aims to propose certain adaptive solutions for housing in the Can Gio District—a vulnerable coastal district in HCMC—based on its conditions as well as referred from experiences of other cities with similar impacts. A literature review and observation are used as the main methods of this paper.




2. Materials and Methodology


This is a qualitative study using a mixed approach including a literature review and observation. From the secondary data review, the current status of housing and the impacts of SLR on housing in the Can Gio District are described. This data is collected from governmental offices including the Department of Planning and Architecture of HCMC, the Southern Construction Planning Institute of the Ministry of Construction, Institute of Southern Irrigation Study, Urban Management Office of Can Gio District, and some other research institutes in HCMC. Guided observation, through photos, is used to collect relevant information for severe inundated areas impacted by flood when tide and sea level rise. This method aims to select areas that need to be studied based on different various criteria such as the locations of the affected residential areas and flood severity. From the collected data, the affected areas of Can Gio District are illustrated on a population distribution map as the base map. Another map detailing the variations of flood level is also produced based on the results obtained from this observation method.




3. Impacts of Sea Level Rise on Can Gio District


Located in the Southeast of HCMC, Can Gio is a coastal district characterized by low average terrains. SLR is predicted to seriously affect its coastal areas, enhancing flooding, coastal submerged land, mangrove loss, and the negative effects of aquatic ecology. In rainy seasons, the increase of river flow is also a major cause of flooding. High SLR during stormy days combined with high tides results in substantial damage to the property of coastal communities, causing coastal erosion, including in areas of protected mangrove forests.



In recent years, because of climate change and SLR in HCMC, residential areas and houses in An Thoi Dong, Ly Nhon, and Thanh An communes in the Can Gio district have been facing the loss of their residential and arable lands, and undesired relocations. River and coastal erosion also directly affect the lives of people in the area; in which coastal erosion occurs in most coastal areas ranging from a few meters to more than 20 m each year [13]. It inevitably increases poverty, reduces farming opportunities, and forces people to relocate.



Referring to the climate change scenario for HCMC [14], the risk of inundation due to the impact of climate change is foreseen as follows: By 2050, the sea level may rise by about 30 cm, and 10% of HCMC’s area will be flooded. By the end of the 21st century, up to 20% of the city area may be inundated if the sea level rises 1.0 m (Table 1). At the same time, the average temperature in the city is expected to increase by 1 °C in 2050 and by 2.6 °C in 2100. By 2050, most districts in the city will be at risk of flooding, including the places that have not been flooded before. Of the city wards and communes, 177/322 will be subject to frequent flooding, which account for more than 123,000 ha (61% of the city area). Significantly, the depth of flooding will increase from 21% to 40%, and the duration of flooding will be extended mainly in Can Gio, Binh Chanh, and Nha Be districts.



The southern area of Ho Chi Minh City includes the suburban districts of Nha Be and Can Gio whose terrains are characterized by low-lying areas with many rivers. This area is being negatively affected by climate change and SLR that impacts the quality of life in terms of both the living environment and daily activities.



Based on the climate change and SLR scenario of HCMC, many densely populated areas in Can Gio, such as Binh Khanh, Long Hoa, and Thanh An island communes, will be directly affected by SLR by 2025, as seen in Figure 1. In Can Gio District, the erosion by tides and waves is occurring daily in the coastal strip, including funnel-shaped estuaries (Soai Rap, Dong Tranh, Long Tau) and the long stretch from Dong Hoa cape to Can Gio cape. The average erosion rate ranges from 5 to 12 m per year, with some sections eroding to 22 m per year. Strongly eroded areas include the sand dunes that stretch from Dong Hoa cape to Can Gio cape, Long Tau estuary, and the east bank of Thanh An island commune.




4. Experiences of Adaptive Housing to Sea Level Rise


4.1. Adaptive Architecture


Through the development history of architecture, adaptation has occurred at different levels and scales, and for multiple purposes. In adaptive architecture, “the buildings are particularly designed for adaptations to their surrounding environmental conditions, their inhabitants, and the objects within them either automatically or through human intervention” [16]. In a comparison between natural evolution and architecture evolution, Nguyen et al. [17] recognized a similar process of adaptation in architecture that “makes buildings better suited to their climate and their natural and cultural environment”. In architecture, some terms, such as “smart”, “intelligent”, and “interactive”, are used interchangeably with “adaptive” [18]. Rather than a concept concerning temporal adjustment like “responsive architecture” or involving recovering measures like “resilient architecture”, adaptive architecture is considered a result of a long-term evolution process of several responsive generations. In response to flooding, “aquatecture” is a term used for an architectural typology that mitigates and manages flooding for dynamic and reliable long and short-term solutions [19].



“Adaptive housing” possesses the mentioned characteristics of adaptive architecture as residential constitutes the primary construction sector in architecture. Responding to flooding, “adaptive housing” improves quality of life through the dynamics in its building design, construction, and operation, as well as by the adaptation to its surrounding landscape design. Therefore, within this paper, “adaptive housing” is discussed from building to block scale.




4.2. Experiences of Adaptive Housing to Sea Level Rise from the Good Practice Examples


In the context of climate change, housing built near seas and rivers with a close connection to sea gates requires a design that is adaptive to the flooding caused by SLR. In Vietnam, tilt, floating, and elevated houses are common housing designs to counteract flooding. Recently, some houses have been built with airtight buoys as a supporting system during flooding. However, due to limitations in material choice, housing design, and budget, as well as the complexity of flood at different places in the country, there are limited good practice cases in Vietnam that can be drawn on for reference for coastal areas like the Can Gio District. Therefore, experiences of good practice from the other countries are preferred as valuable sources of reference. These experiences, with their novel strategies, can help complement the indigenous experiences of adaptive housing, briefly discussed in Section 5 and contribute to the proposed solutions in Section 6.



Generally, there are certain approaches to flooding used in various scales from individual housing to multiple housing. In this section, “amphibious house” and “floating house” are mainly discussed. In recent years, perspectives on flood inundation in urban planning, urban design, and architecture have changed. Instead of devising defensive schemes to cope with periodic flooding, water is considered as a resource. “Living on water”—an emerging term in flood adaptation—takes SLR as an opportunity rather than a harmful factor for cities and buildings. According to that, the first amphibious house in the United Kingdom (UK) was built on the banks of the River Thames, England [20]. It was designed on fixed but separated foundations to be able to float during a flood period, as can be seen in Figure 2. Its riverside terrace has a water storage function that helps mitigate harm to the interior space, and a flood warning system, as well as supports to manage run-off water, as can be seen in Figure 3. It also allows homeowners to build their houses closer to riversides or beaches with a lower risk of damage from flooding. In addition, zinc is used as the main coverage material of this house due to its quality in corrosion resistance. Through these integrated approaches, this amphibious house is an innovative adaptation architecture solution to ensure that people can stay inside safely, adapting to the challenges of climate change.



Another good example of an amphibious house is the FLOAT House built in the United State of America (USA). Besides having basic features of an adaptive house to flooding, this building promotes its dynamic chassis customization, affordability by taking advantage of the mass production of prefabricated components, as seen in Figure 4, and its sustainability by minimizing resource consumption and maximizing renewable energy collection [21].



However, large-scale approaches, such as multiple housing, blocks, and neighborhoods, rather than individual houses, are gaining more recognition due to their positive effects and efficiency in economy and timing. Since protection occurs differently in each house, due to their site design, the revised treatments should ensure an effect that is continuous and integrated rather than being disjointed along the foreshore [23]. Figure 5 shows an example where seawalls should be redeveloped at a fore line in Lake Macquarie, Australia, for a better adaptation to inundation caused by sea level rise.



In terms of resiliency and adaptation, the Netherlands is the prime example of a nation that put effort into architectural design in the context of sea and river level rise crisis [24]. They built housing complexes to promote the transition from land to aquatic living while basic demands are supplied adequately [19]. Another good example from the Dutch is a group of floating houses in IJburg (Figure 6). “Floating houses” are different from “amphibious houses” in that they are completely water-based rather than land-based [25].



Though adaptive housing to flooding, either at an individual or multiple scales, has certain effects, it should be considered within the hierarchy of risk mitigation measures, i.e., avoiding constructing in highly risky locations [23]. Assessment of adaptive housing is also important, to review the process, control construction quality, revise, and standardize the design for further research, suggestion, and supports.





5. Scientific Foundations for Adaptive Housing to Sea Level Rise in the Can Gio District


To propose adaptive solutions to SLR for housing in Can Gio, this study defines the following relevant scientific foundations concerning multiple aspects.



5.1. The Development of Climate Change Adaptation Strategies in the Can Gio District, Ho Chi Minh City


In 2014, the People’s Committee of HCMC issued the Decision No. 2838/QĐ-UBND on the implementation of the action plan to proactively respond to climate change, strengthen natural resources management, and preserve environmental protection. HCMC’s marine economy benefits from a 17 km long coastline in Can Gio and hundreds of kilometers of riverways. These are favorable for seaport development together with the ebb and flow of high tide that is advantageous for ships. However, developing towards the sea means that HCMC must deal with climate change, especially with flood variation, as seen in Figure 7.




5.2. Adaptive Traditional Architecture to Natural Conditions


Vietnamese indigenous residential architecture is affected by climate and soil conditions. The residential space is not only located within a house, but also the space surrounding the house. In other words, Vietnamese residential space spreads from the house (the residential area of a family) to the village (the residential area of the community). Traditional residential houses are associated with the natural environment and utilize nature through the construction and organization of indoor and outdoor spaces. Flexibility and adaptation are needed due to the duality of nature (both beneficial and harmful) for harmony with the natural environment. For example, houses along rivers and canals must adapt to the terrain conditions while their structure must also be flexible to cope with flooding.



Ancient Vietnamese populations realized the importance of rivers and canals for a residential place. The riverine habitat is not a random choice but rather a practical experience from interacting with the natural environment. River systems have facilitated waterway transport, as well as the flow of water and alluvial into fields. People living by rivers benefit from natural aeration and the water flow for their daily activities such as bathing, washing, catching seafood, exchanging goods, wholesaling, and so on. The most common traditional housing location is a river in front of and a field behind a house. People live together gathered in a long strip along the flow of the river. Another common location is close to the rivers where markets, trade, and exchange of goods takes place, as seen in Figure 8. People also locate along main roads and riversides. Their partly stilted houses are used for personal activities of families, such as cooking. Both the front and back of the houses are convenient for business and transport.




5.3. Theory of Residential Models for a Sustainable Development


From a sustainable development perspective, the sustainable residence model should have the least impact on the positive viability of all components (including physical and non-structural components) in its surroundings, a minimal environmental impact (direct and indirect) for present and future generations [2], maximum economic efficiency (direct and indirect), and meet the requirements of developing, renewing, and maintaining local cultural characteristics. The sustainable residence model is the most optimal result of the sustainable design philosophy, with selected design and construction solutions from the construction process to the operational use and the ability to reproduce for use after the project has completed its original purposes.





6. Solutions for Adaptive Housing to Sea Level Rise in the Can Gio District


Based on the mentioned foundations and its current status, the following solutions for adaptive houses to SLR in the Can Gio District are proposed.



6.1. Saving Space for Water


Temporary water storage can help to lower the flood level. It can be implemented by increasing the volume of water storage space or the inundated area. Besides developing a drainage system, the management of water penetration in populated areas can adapt to SLR and proactively prevent flooding.



When implementing the solution to store water, it is necessary to have an overall vision for each residential area, not just a technical solution for a single house. In other words, the planning solution for all houses in residential areas has a semi-basement design to store water, or all houses in an area are built on a common semi-basement floor sharing the same foundation structure and drainage systems. If each house has its own semi-basement water store, a tank with an area of 30–50 m2 about 1.0 m below the floor, the amount of reserved water is about 30–50 m3 per house. If a semi-basement is built for the whole residential area of 1000 m2 (10 m × 100 m), the amount of water stored is about 1000 m3. This semi-basement can play the role of an equalizing reservoir during flooding, which was recorded at an average level (30–40 cm high) and for average time (not exceeding 3 h a day), according to data in 2008–2018 [13]. When there is no flood in the area, this semi-basement can be used for temporary storage, water supply and drainage systems, and private transportation, such as bicycles and motorcycles.



Besides, when the impact of SLR is combined with stormy winds and storm surges, additional artificial drainage ditches in the gardens or along the sidewalks and roads can create extra spaces for water. This will yield a significant amount of water that contributes to lowering the water level. The collected water will be treated by the underground system and drain back to rivers or the sea when the extreme flooding passes. Due to the geological characteristics of Can Gio, with a shallow groundwater system, these designed underground water storage spaces should have a depth of about 0.5 m–1.0 m. This method is illustrated in Figure 9.




6.2. Floor Elevation


It is proposed to elevate the entire living area beyond the highest floodwater. The area is built on a bare reinforced concrete frame system of about 20–25m2, which is sufficient for basic activities of a household of 2 to 5 people during the flood. In case other solutions are applied, an elevated floor is recommended for minimum functional spaces such as bedrooms, kitchen, and toilet. Therefore, during flooding, the non-inundated area can still support daily tasks to some extent. These spaces are essential for daily activities that often are forgotten in other suggestions so far. This method is illustrated in Figure 10.




6.3. Floating Floors


The use of floating floors is a flexible solution for adaptive housing to SLR, in which floors rise when water is up. The structural solution is quite simple with lightweight flooring materials placed on a simple structure frame and a floating system below. Specifically designed structures should be used as anchors to balance the floor panels.



Although it has been widely used in the world and Vietnam, as mentioned, this solution should be modified in the Can Gio District because of its geological characteristics. The floating systems of the floor should be elevated on a supporting frame to prevent them from being blocked with mud. Otherwise, when the thick alluvial soil dries up, it may form a solid mass that tightly covers the floating systems and disables their functions. In other words, when the water does not rise, the floor is stuck in the mud, and when the water rises, it takes time for the house to float on its own. This method is illustrated in Figure 11 and Figure 12.




6.4. Bioswale Stormwater Capture


Along with the proposed solution of saving space for water, a system of collecting underground water underneath the roads and natural green spaces can be applied. Overflow water on the sidewalk can be directed to a natural filtration system, also known as a bioswale ditch. It has a slight slope of 1–5% and is covered with layers of grass, vegetation, or compost and layered with rocks and sand at the bottom. The ditch should be shallow and wide to slow down the surface water flow for infiltration and absorption optimization, as can be seen in Figure 13. This solution can be effective in the coastal areas of Can Gio, where the vegetation on both sides of the road is dense. During rain, most of the water penetrates through the gaps between bricks and sand layers and quickly flows into the sewer to drain into canals and drainage systems, which helps minimize flooding levels due to SLR in the area.




6.5. Solutions for the Linear and Concentrated Residential Areas


In planning, there are two common residential spatial organizations, namely linear and concentrated areas. In which, the linear model applies to residential areas close to natural edges such as water borders, while the concentrated model applies to other areas with a grid network. Due to this characteristic, the linear model has a limited scope of application in terms of locations; however, it is cost-saving for developing technical infrastructure systems, such as electricity supply, water supply and drainage, wastewater treatment, and so on. In the Can Gio District, these solutions can be applied for Dan Xay and Tac Xuat in Can Thanh Town, as they are located along the water edge. Some other population clusters in the Can Gio District are formed according to similarities in their livelihoods. In other words, the households living close to each other may share the same type of business such as trading, tourism, salt manufacturing, or aquaculture (Figure 14 and Figure 15). Due to the complexity of its spatial organization, bioswale stormwater capture might be applied for these neighborhoods.





7. Conclusions


By studying the current status of residential areas and housing due to the impact of climate change and SLR in the Can Gio District, negative impacts on houses and the regional economic zone have been found. Therefore, this study explores the experiences of sea level rise adaptive housing and suggests certain solutions for the Can Gio District including the following:




	
For a single house, the optimal adaptive solutions combine saving space for water, building houses on reinforced concrete frames, and floating floors. The application of these solutions is based on the principle of dividing into areas and controlling flooded areas. Since flooding in the Can Gio District is low in level and duration, saving space for water floor elevation, and bioswale stormwater capture are suitable solutions to the actual situations and technical and economic conditions of the area.



	
Regarding spatial planning, areas with a linear spatial organization are considered suitable for technical solutions, while bioswale stormwater is more preferred for concentrated organization areas. However, the overall solution of the alternatives is based on planning, zoning, and flood control combined with the organization of appropriate technical infrastructure.








The original and practical contributions of this research are the scientific foundations for the proposed adaptive housing to SLR in the Can Gio District and the designs for flexible and adaptable living spaces that aim to ensure residents’ safety, properties, and livelihood. The designs were created by groups of postgraduate architecture students, who were led by the corresponding author during 2017–2019.



The proposed solutions for the Can Gio District in this publication attempt to increase the possibilities to adapt to flooding and increasing sea level, which can help reduce the vulnerability for the communities in the affected areas. Besides the limitations of the applied solutions, these proposals seek further opportunities to deal with the threats caused by climate change and sea level rise. Moreover, the local capacities for strategies to retreat, defend, and prevent flooding should be considered in flood management. Finally, the proposed solutions for architecture, planning, and infrastructure can be applied practically to other flooded areas in Vietnam, as well as referenced in future research.
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Figure 1. Overlapping map of floodplain areas and residential orientation areas by 2025 in the Can Gio District (Source: Authors, 2019 illustrate based on a map by Truong [15]). 
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Figure 2. Cross-section and simulations of an existing house and newly built house [20]. 
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Figure 3. The first amphibious house in the UK by the River Thames, England [21]. 
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Figure 4. Overall assembly components of the FLOAT house, USA [22]. 
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Figure 5. A demonstration of the redevelopment and non-redevelopment sites of houses built by the sea [23]. 
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Figure 6. Floating houses in IJburg, Netherlands [26]. 
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Figure 7. Severe inundated areas in the Can Gio District when tide and sea level rise (Source: Authors, 2019 illustrate based on a map by Truong [15]). 






Figure 7. Severe inundated areas in the Can Gio District when tide and sea level rise (Source: Authors, 2019 illustrate based on a map by Truong [15]).



[image: Sustainability 12 03743 g007]







[image: Sustainability 12 03743 g008 550] 





Figure 8. Typical amphibious houses in Vietnam; (left) low-budget house, (right) mid-budget house [27]. 
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Figure 9. Saving space for water [15]. (1) Natural ground soil; (2) Wetlands; (3) Living space; (4) The highest water level in the SLR conditions combined with extreme weather as of 2050; (5) Estimated flood water level when the measure is used; (6) Existing ground level; (7) Limited height when digging soil for overflow water. 
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Figure 10. Floor elevation [15]. (1) Natural ground soil; (2) Wetlands; (3) Living space; (4) The highest water level in the SLR conditions combined with extreme weather as of 2050; (5) Existing ground level. 
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Figure 11. Floating floor [15]. (1) Natural ground soil; (2) Wetlands; (3) Living space; (4) The highest water level in the SLR conditions combined with extreme weather as of 2050; (5) Estimated flood water level when the measure is used; (6) Existing ground level; (7) Flexible floating floor responding to water level. 
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Figure 12. Structure of floating floors [15]. (1) Lightweight panels; (2) Empty airtight buoys; (3) Lightweight structure. 
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Figure 13. Elements and design of bioswale stormwater capture (Teodros Haily/KQED Science). 
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Figure 14. Solutions for the concentrated residential cluster organizing (a) Saving space for water; (b) floating floor; (c) Bioswale stormwater capture (Source: Authors, 2019). 
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Figure 15. Perspective of the concentrated residential cluster (Source: Authors, 2019). 
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Table 1. Inundated area by sea level rise in Ho Chi Minh City [4].
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	SLR (m)
	Inundated Area (%)
	SLR (m)
	Inundated Area (%)





	0.5
	13.3
	0.8
	17.2



	0.6
	14.6
	0.9
	18.6



	0.7
	15.8
	1.0
	20.1
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