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Abstract: Climate change is one of the major issues facing all countries and calls for a top-priority 
universal response from all sectors. The building sector plays a significant role in adapting to and 
mitigating the impacts of climate change. Researchers have aimed to assess the building sector’s 
knowledge, development, technology in transiting to a low carbon built environment, and the 
awareness and capacity to adjust to climate change impacts. This paper explores the climate 
change implications for the New Zealand’s building sector and examine how the sector currently 
adapts to climate change, using a literature review. Initial findings suggest that changes in 
temperature and extreme weather events are the key factors affecting the building sector, and 
adaptation actions are occurring predominantly at a city and neighbourhood level rather than the 
individual building level. More climate change adaptation actions needed require not only an 
urgent, joined-up and effective response across all levels of government but also industry 
engagement. The building sector should act in both minimising the climate change effects on 
buildings and reducing greenhouse gas emissions at the individual building level. Future in-depth 
research should emphasise more on the future actions to mitigate climate change effects for the 
entire building stock. 
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1. Introduction and Background

1.1. The concept of climate change 

Climate change is defined by the Intergovernmental Panel on Climate Change (IPPC) as: 

“a change in the state of the climate that can be identified (e.g., by using statistical 
tests) by changes in the mean and/or the variability of its properties, and that 
persists for an extended period, typically decades or longer” (IPCC, 2014). 

A significant increase in human-induced greenhouse gas emissions (GHGs), which have 
increased since the pre-industrial era and driven extensively by economic development and 
population growth, causes climate change. In conjunction with other human-driven factors, these 
impacts are possibly the main causes of global warming since the mid-20th century. In terms of 
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risks, climate change may increase existing risks and generate new ones, and they may eventually 
be disseminated over natural and human systems (IPCC, 2014). 

1.2. Climate change and its implications for the construction industry 

Many worldwide scholars have focused on researching the adaptation and resilience of buildings 
to climate change. Numerous buildings are exposed to a changing climate and catastrophic 
disasters. A possible explanation is that these buildings have a long life. A building’s lifetime is 
roughly 50-100 plus years on average while it is anticipated that the climate will change extensively 
over this time. Therefore, the successful performance of buildings depends on the present building 
design in the current and the future climate (Wilde and Coley, 2012; Chalmers, 2014). Possible 
climate change effects on buildings are generally classified into four major categories including 
effects on building structures (generated from natural disasters, e.g. floods, storms, landslides, 
etc.); building construction (e.g. deterioration of water supply systems); building material 
properties (e.g. poor performance of insulation, frost-resistance, UV-resistance, etc.); and indoor 
air quality/energy use (e.g. increased indoor temperatures and humidity levels) (Wilby, 2007; Wilde 
and Coley, 2012; Andrić et al., 2019). 

Figure 1: Climate change implications for buildings (Wilde and Coley, 2012). 
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1.3. Climate change countermeasures 

Climate change countermeasures can be categorised into mitigation and adaptation. The last two 
decades have seen a growing trend towards both climate change mitigation and adaptation 
research. However, a critical question concerning how climate change mitigation and adaptation 
should be integrated to improve the overall performance of climate change resolutions remains 
unanswered. Traditionally, there was a generally independent action between climate change 
mitigation and adaptation (Swart and Raes, 2007). However, several academics argue that climate 
change adaptation should be considered together with mitigation. This was considered in many 
studies: (Dang et al., 2003); Laukkonen et al. (2009); Locatelli et al. (2016). In general, due to the 
interrelationship between climate change mitigation and adaptation, taking two together into 
account may classify their prospective interactions and whichever unpredicted results of 
confronting one another. 

For the building sector, GHGs and climate change are fundamentally linked, for this reason, 
more attention is paid to reduce emissions as a mean of climate change mitigation. However, Smith 
(2010) pointed out that climate change still affects residents and their buildings despite many 
efforts that have gone into moderating GHGs. On that account, there is a requirement of 
adaptation actions, targeting to offset the impacts of global warming. In support of this view, 
GregÃ³rio et al. (2016) employed a method to investigate the trade-offs between climate change 
vulnerability and mitigation options for the residential building stock of 29 Portuguese 
Municipalities. The findings indicate that there are no trade-offs when adopting mitigation 
measures or using more effective appliances for retrofitting residential buildings. A likely 
explanation is that additional adaptation options are required to gain the efficiency level for 
mitigation actions. As far as the construction sector is concerned, adaptation actions may consist 
of plans for ensuring comfortable indoor air quality in spite of increased outdoor temperatures, 
reducing building energy demand, and developing adaptive designs for building exposed to floods 
(Camilleri et al., 2001; Mancini and Basso, 2020). In New Zealand, much of the research in the 
building sector has focused on knowledge development and technology to mitigate the climate 
change (Chandrakumar et al., 2020; Ghose et al., 2020). There has been limited published research 
regarding climate change adaptation for the building sector. Thus, this paper aims to identify the 
climate change implications for New Zealand’s building sector and investigate how the sector 
currently adapts to climate change by using a literature review. 

2. Methodology
To explore how New Zealand’s building sector currently responds to climate change, a systematic 
literature review approach was applied in this research. In the context of this research, an 
innovative application of systematic methods, proposed by Berrang-Ford et al. (2015) was applied 
to address the methodological challenges of synthesising and tracking adaptation to climate 
change. This systematic review in adaptation research can be best treated under three main 
components including: (1) Defining research question/aim, (2) Data source and document 
selection, and (3) Analysis and presentation of results. Firstly, the circumstances focusing on 
climate change implications and adaptation for the building sector in New Zealand were gathered 
from the empirical literature. Secondly, the list of suggested research was collected and 
categorized from some literature resources. In the beginning, various document types including 
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articles, review, book chapters, conference papers published in English until May 2020 were 
examined using Scopus database. The researcher used the phrase “Climate change” AND 
“Adaptation” AND “Building” OR “Housing” AND “New Zealand” in the title, keywords, and abstract 
fields for the first database search. Research papers also were limited to New Zealand only. The 
coverage of the accessible research materials was improved by considering further sources 
consisting of environmental and governmental agencies’ reports. There were 26 papers retrieved 
from Scopus. Then, every paper was inspected by reading abstracts to confirm that  they were 
relevant to the research context. Duplicates and those to which full text was not available were 
also removed. The final selection included 14 journal papers, 10 reports from government and 
independent organisations. Finally, the literature was analysed and synthesized through qualitative 
content analysis to distinguish what are the potential climate risks having impacts on New 
Zealand’s building sector and how does this sector respond to climate change. Qualitative analyses 
are often guided by thematic content analysis (manifest or latent), sometimes involving 
quantitative or qualitative coding (Berrang-Ford et al., 2011) Thus, the qualitative data is 
categorised into different themes and sub-themes. The themes are the following: (1) Potential 
climate change implications for the building sector; (2) Climate change adaptation at city level; (3) 
Climate change adaptation at neighbourhood level; (4) Climate change adaptation at individual 
building level. 

 

3. Results 

3.1. Potential climate change implications for New Zealand’s building sector 

In New Zealand, before the work of Camilleri et al. (2001), the role of climate change impacts on 
buildings was largely unknown. Climate change is likely to influence buildings in both direct and 
indirect ways. As Camilleri et al. (2001) believed, the most significant factors are the decrease of 
winter space heating for houses because of the temperature increases; the decrease of water 
heating energy; changes in non-cyclonic wind speeds; extreme wind; degradation of organic 
polymers; and tropical cyclones. Among them, the decrease of winter space heating is ranked at 
the top of the list. It could become easier to design and construct buildings required little or no 
space heating due to the increase in temperature. Yet, alternative designs should be considered 
when buildings are first constructed, since these buildings may last for 50–150-years. There would, 
therefore, seem to be a definite need for effective adaptation actions before constructing 
buildings. 

Recently, BRANZ – an independent research organisation, which aims to improve the 
performance of the New Zealand building system by applying an impartial evidence-based method, 
summarises the climate change implications for buildings in their report (see Fig 6) (MacGregor et 
al., 2018). The finding broadly supports the work of Camilleri et al. (2001) in terms of the 
significance of impacts, in which the change in temperatures and increasingly intense weather 
events are likely to be the most significant factors. Besides that, changes in precipitation patterns, 
and thermal expansion of oceans and changes in the cryosphere are also the probable scale of the 
adverse influence. 

To date, the Climate Change Adaptation Technical Working Group has prepared a report called 
“Adapting to Climate Change in New Zealand”. In this report, the projected climate change impacts 
on New Zealand over the medium and long term are summarised and the current 
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adaptation actions are investigated. Although these climate-related influences have been 
determined, which include the influences on the natural environment, the built environment, 
economy, society, and culture, the influences on specific sectors such as the building sector have 
not been considered. There is a strong possibility that it is addressed in the national climate change 
risk assessment report, which has been released in the middle of 2020 according to the Ministry 
for Environment. A detailed risk assessment for the built environment revealed that risks to 
buildings due to extreme weather events, drought, increased fire weather on on-going sea level 
rise and these risks were ranked as most significant risks with 90 scored in terms of urgency 
(Ministry of the Environment, 2020). 

Table 1: Climate change implications for New Zealand’s buildings (MacGregor et al., 2018) 
 

Potential direct climate change 
impacts 

Consequences for the built environment Possible scale of the 
negative impact 

Change in temperature Increased overheating 
conditioning load 

and air- High 

Intensified urban heat island effect High 
Decreased winter space heating Low 
Decreased water heating energy Low 

Increased intense weather events Damage to buildings and infrastructure High 
Changes in precipitation patterns Increased inland flooding High 

Increased erosion, landslides and rockfalls High 
Changes in aquifers and urban water 
supply and quality 

High 

Heavier snow or ice loads Medium 
Increased fire risk associated with more 
frequent droughts 

Medium 

Damage to foundations, underground 
pipes and cables 

Medium 

Increased subsidence (clay soils) Medium 
Increased pressure on urban drainage 
system and run-off 

Medium 

Increased stormwater run-off and 
leaching of pollutants into waterways or 
aquifers 

Low 

Thermal expansion of oceans and 
changes in the cryosphere (ice 
systems) such as retreating snow 
lines and ice packs, and melting 
glaciers 

Increased coastal flooding High 
Increased erosion and loss of land High 
Relocation or displacement from coastal 
areas 

High 

Changes in water tables and possible 
increased salinity of aquifers and 
estuaries 

High 

Loss of intertidal areas acting as buffer 
zones 

High 

Impeded drainage Medium 
Changes in wind patterns and 
intensities 

Changes in wind loading on buildings Medium 

Increased air pollution Impacts on interior air quality Medium 
 management  

Damage to buildings facades Low 
Impacts on biodiversity Changes in cooling, shading and 

evapotranspiration benefits from urban 
biodiversity 

Medium 

Changes to stormwater management Low 
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3.2. Climate change adaptation at the city level 

As demonstrated by (Murphy, 2017), Auckland City Council has attempted to slow down the urban 
sprawl effects by implementing modern schemes that benefit higher density developments. An 
example of such schemes includes the Auckland Unitary Plan (AUP) – Auckland’s urban density 
strategy. Nevertheless, coastal residents, who live in lowlands or erosion-prone neighbourhoods, 
are likely to be exposed to flooding because of the insufficient awareness of a considerable 
“managed retreat”. As a result, there is a need for the additional impetus for a farsighted approach 
to coastal replacement, which addresses the housing sector within Auckland city as well as other 
areas at risk. To improve the feasibility of housing retreat, one of the best plans could be developing 
new design-attractive replacement homes or investigating advanced building technology and 
state-of-the-art construction materials (e.g. avoiding concrete slabs). 

Figure 2: Sea level height comparison: Existing Legacy District Scheme and AUP (Murphy, 2017) 

Comparing with Auckland City Council, Wellington City Council employs general strategies for 
addressing climate change risks such as sea-level rise risk assessment and flood risk management 
(Lawrence et al., 2015; Lawrence and Haasnoot, 2017). These approaches concentrate on the 
tactical scenario-based evaluation of the consequences of several sea levels regarding values and 
the costs of responses. However, particular adaptation plans for the building sector have not been 
identified in these approaches. 
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3.3. Climate change adaptation at neighbourhood level 

Climate change adaptation strategies of New Zealand’s local government were first examined in 
the study of Lawrence et al. (2015). In this study, the authors evaluate climate change adaptation 
plans of Tasman District Council and Kapiti Coast District Council as case studies practice regarding 
flood risk assessment and coastal hazard management. Concerning the building sector, Tasman 
District Council introduces land-use and building controls, compared with Kapiti Coast District 
Council, which may impose stricter procedures to higher-risk regions. For example, “no- build” 
seaward of 50-year line with existing buildings restricted to the current footprint and floor area; 
“relocatable” buildings between 50- and the 100-year line” (Lawrence et al., 2015). 

The evidence of community engagement in climate change actions can be seen in the case of 
Common Unity Project Aotearoa (CUPA) – a community project supported by Lower Hutt Council, 
Wellington (Simon et al., 2020). The project refers to a registered charitable trust, which launched 
in 2012, intending to increase sustainability and demonstrate characteristics of both climate 
change mitigation and adaptation. As far as the building sector is concerned, the key aspects can 
be listed as follows: controlling land use, requiring minimum floor levels for buildings, limiting new 
developments, identifying, and managing risks, implementing large-scale hard engineering 
solutions such as stop banks, and adopting flood control regulations. Whilst local government 
actions might be limited to the law-making requirements mentioned above, it is important to bear 
in mind the community-led strategy, which is an effective approach to address climate change 
mitigation and adaptation (Lawrence et al., 2015). Particularly in the circumstances that the 
strategic protections, including hard engineering solutions, cannot defend completely natural 
hazards, in the light of climate change uncertainties and the limitation of engineering design 
standards (Manning et al., 2015; Lawrence et al., 2019). 

3.4. Climate change at the individual building level 

In broad terms, addressing design for an individual building itself or the built environment sector, 
in general, can be seen as a variation of climate action (Russell et al., 2014). Much of the current 
literature pays particular attention to climate change mitigation at the individual building level. To 
date, Chandrakumar et al. (2020) devise a science-based method, which set up the climate targets 
for New Zealand’s detached houses using a whole life cycle assessment. The most striking result is 
that New Zealand’s detached housing sector would be required to reduce by no less than five times 
current GHG emissions to meet the 2oC Paris climate target. But Ghose et al. (2020) are much more 
concerned with the possible environmental impacts related to retrofitting energy efficiency of New 
Zealand’s pre-existing office building stock. Combining the life cycle assessment approach and 
stock aggregation modelling, this study emphasises that the office-building sector can achieve New 
Zealand’s climate change target by 2050 with the capacity to decrease 40–98 % CO2 eq. emissions. 

Early examples of research into climate change adaptation on an individual building level 
include a BRANZ study report, conducted by Jaques and Sheridan (2006). Climate change problems 
with New Zealand’s domestic buildings are present in this report. In addition, reporters also suggest 
potential mitigation and adaptation approaches to address these issues in the design stage. For 
example, climate-associated adaptation actions regarding intense rainfall, intense wind, and 
flooding, are proposed to support construction practitioners to improve climate 
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change preparedness while developing and delivering new dwellings. However, there are still many 
unanswered questions about how climate change mitigation and adaptation criteria can be 
integrated in the design process. 

 
4. Discussion 

According to the literature, recommendations towards climate change adaptation for the New 
Zealand’s building sector are defined. Before proceeding to examine the climate change actions, it 
is important to identify potential climate change risks for New Zealand’s buildings. To date, there 
are 25 potential direct climate change impacts on building, categorised into 7 main groups. These 
include change in temperatures, increased intense weather events, changes in precipitation 
patterns, thermal expansion of oceans and changes in cryosphere, changes in wind patterns and 
intensities, increased air pollution, impacts on biodiversity. Among them, the change in 
temperatures and increasingly intense weather events are likely to be the most significant factors 
(Camilleri et al., 2001; MacGregor et al., 2018; Ministry of the Environment, 2020) . 

Climate change adaptation actions are occurring predominantly at a city and neighbourhood 
level rather than the individual building level. A number of initiatives are under way at the 
community, local government, and central government levels to progress adaptation for  buildings 
and broader settlements. At the city level, there still exists extensive challenges to the local and 
national government and little attention has been paid to the housing retrofit strategies in the low-
lying regions as an alternative to replacement. Additionally, it was suggested that new design-
attractive replacement homes or investigating advanced building technology and state-of- the-art 
construction materials should be developed to improve the feasibility of housing retreat (Murphy, 
2017). At the neighbourhood level, various strategies were implemented to limit the development 
and reconstruction of buildings in zones exposed to coastal hazards. However, these methods are 
likely to restrict more adaptive and resilient practices over time such as adaptive building designs, 
since the risks may change and affect other areas (Lawrence et al., 2015). Thus, more practical 
actions focusing on adaptive building designs should be considered, which can be particularly 
addressed in building regulations. Moreover, there is a demand for a greater level of community 
engagement on effective responses to a changing climate. This engagement, therefore, may 
support to accomplish some collective grasp of potential actions. 

Given all that has been mentioned so far, much of the previous climate change research at  the 
building level has been relevant to mitigation actions. There is a lack of research with respect to 
managing risks and adapting to climate change, which should be considered in order to create an 
integrated and adaptive process for building resilience and sustainability. For that reason, along 
with considering the reduction of GHGs, there is a need for integrating adaptive building designs 
such as alternative designs that combine the concept of climate change mitigation and adaptation, 
as one of the aspects of sustainable buildings. It is also recommended that more climate change 
adaptation actions needed require not only an urgent, joined-up and effective response across all 
levels of government but also industry engagement. There is abundant room for further progress 
in determining the willingness, capacity, and actions of the construction practitioners in adapting 
to climate change. 
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5. Conclusion
It is believed that the building sector can mitigate the impacts of climate change. This is certainly 
true in the case of building energy consumption. Energy efficiency strategy for buildings can help 
to significantly achieve the target of reducing greenhouse gas emissions and raw material 
extraction. Nonetheless, climate change also has implications for buildings such as the influences 
on building structures, buildings construction, building materials, and indoor environment. There 
is a relatively small body of literature that is concerned with climate change adaptation for 
buildings whereas climate change mitigation has been largely focused. This study sets out to the 
potential climate-related factors in New Zealand as well as investigate how the building sector 
currently adapts to a changing climate. The most significant factors are the change in temperatures 
and increasingly intense weather events. The research has also shown that climate change 
adaptation in the building sector is occurring predominantly at a city and neighbourhood level 
rather than the individual building level. It is argued that climate change mitigation and adaptation 
assessment during the planning and implementation processes of building projects is required, as 
a better solution to tackle climate change risk. As a building’s life cycle is about 50 years or more, 
construction specialists are required to design new buildings, which have alternative features to 
be able to perform effectively in the contemporary and future climate.  The burden of greenhouse 
gas emissions and the building vulnerability to climate, then, would be reduced. Considerably more 
work will need to be done to determine the practical actions taken by the building sector, from 
both construction businesses and end-user’s perspectives to both minimise climate change effects 
and reduce greenhouse gas emission. 
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