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[bookmark: _Toc147494029]Message to readers

Tēnā koutou katoa
Aotearoa New Zealand is a unique country, with a spectacular variety of landscapes, ecosystems, and native species. But climate change is putting increasing pressure on our natural environment, and along with it our wellbeing, safety, security, economic prosperity and cultural identity. Many communities, iwi and hapū across Aotearoa had first-hand experience of this when cyclones and floods caused widespread damage across the East Coast and Auckland earlier this year. We can no longer take the stability of our environment for granted.
The evidence contained in this report, our third on our atmosphere and climate, highlights the pressures brought by a changing climate. For the first time, the report also considers what might lie ahead for our climate and atmosphere. This represents an important shift in our approach to environmental reporting and it is designed to improve public awareness and understanding of these issues, and support better environmental decision-making. 
The report and recent events also highlight the shortcomings, gaps and fragility of our national environmental knowledge system, particularly at a local level. These shortcomings hamper our ability to take decisive action and to understand the likely impact of natural disasters on our environment and communities. In response, the Ministry for the Environment and Stats NZ, along with our system partners, are embarking on a significant project to reform the foundations of Aotearoa New Zealand’s environmental knowledge system. This is fundamental to developing evidence-based environmental stewardship. Having a reliable evidence base will also help to improve the effectiveness of environmental policy and support individuals, communities, hapū and iwi to achieve aspirations at a local level. 
Being an effective environmental steward isn’t just about gathering evidence, but the actions we take based on that evidence. As this report shows, we know enough now to increase our action. While it’s clear there are challenges ahead, we have an opportunity to make a difference to our future by taking greater steps now. We hope this report will provide you with the information you need to take part. 
Ngā mihi
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	James Palmer
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	Mark Sowden
Government Statistician
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Tiakina te kura tū te whiwhianuku, te kura tū te whiwhiarangi, 
kei roku te taiao
Protect the knowledge systems of above and below, 
to prevent environmental decline
Over the past 10,000 years, Aotearoa New Zealand has experienced a largely stable climate. This has supported the development of species and ecosystems that are found nowhere else. This natural environment has formed the basis for where we have chosen to build cities and towns and live our lives. It has framed the development of our economy and influenced how and where we connect with the natural world. 
But human activities, both historical and current, are putting pressure on the environment and stretching its capacity to adapt to change. Conditions are changing faster than ecosystems can adapt, making it difficult to restore the environment to a healthy state. Among many things, human activities have driven rapid increases in atmospheric greenhouse gas emissions, causing the Earth to warm. The global mean surface temperature is now 1.1 degrees Celsius above pre-industrial levels. Temperatures are continuing to increase and will likely exceed 1.5 degrees Celsius above pre-industrial levels by early 2030. 
This may seem like a small increase in temperature, but these small changes are already having huge impacts. All parts of the Earth’s environment are interconnected, and each additional degree of warming has the capacity to drive increasingly significant changes to the natural environment.
As a result, temperature rise is only the beginning of the story. We are experiencing variations in rainfall patterns, more frequent medium-term droughts, ocean warming to record levels, and glacial ice retreat. Sea levels around parts of Aotearoa have risen twice as fast in the past 60 years as they did in the first half of the 20th century. Extreme weather events are increasing in frequency and severity, causing loss and damage to nature and people. 
The biodiversity, or diversity of life, that underpins Aotearoa New Zealand’s unique ecosystems is under threat because of the changing climate. We see this through changes in where species live, their life cycles, population levels and physiology. Climate change also exacerbates the impacts of other threats including invasive species, land-use change, habitat fragmentation, fire risk and pollution. Heat extremes have driven local extinctions of species, and large die-offs on land and in the ocean. 
These changes in the environment have consequences for the things we value most: our safety and security, the places we live and play, our livelihoods and economy and our wellbeing. Around 750,000 New Zealanders live near rivers and in coastal areas already exposed to extreme flooding. This includes major urban centres and 500,000 buildings worth more than $145 billion. Sites of cultural significance, taonga (treasured) species, and food security are also at risk in these areas. 
The immediate costs from increasing severe weather events driven by warming atmospheric and ocean temperatures are likely to increase. Treasury has estimated the damage from Cyclone Gabrielle and the 2023 Auckland floods may total between $9 billion and $14.5 billion. Increases in extreme weather events, such as drought and extreme rainfall, affect agriculture, horticulture, fisheries, forestry, tourism and the snow sport industry. Food insecurity, loss of livelihoods and uncertainty around climate change have ongoing impacts on mental health. Changing seasons affect mātauranga Māori (Māori knowledge) and many important Māori practices, including the transfer of mātauranga Māori across generations. Climate change and biodiversity loss will make already vulnerable people more so, further reinforce inequalities, with harm falling disproportionately on minorities and indigenous peoples. 
A rich biodiversity and resilient ecosystems have the potential to shield us from the worst consequences of climate change. They absorb some greenhouse gases and act as a buffer against extreme weather events and other climate impacts, protecting houses, crops, water supplies and vital infrastructure. Conversely, the continuing loss of biodiversity and degradation of ecosystems will weaken their ability to provide benefits and protection to the extent that we risk reaching points of irreversible change. Human activities are undeniably driving these losses. We are approaching environmental tipping points in many areas, beyond which large and often irreversible changes will be unavoidable.
The impacts we see from climate change will escalate with every increment of global warming – and every bit of warming we can prevent will bring benefits. The magnitude and rate of climate change and associated effects depend strongly on near-term mitigation[footnoteRef:2] and adaptation[footnoteRef:3] actions. We face a huge challenge, but we already know many solutions. We can draw strength by embracing the wisdom of our ancestors and holding their legacy close. ‘Kia whakatōmuri te haere whakamua: we walk backwards into the future with our eyes fixed on our past’. By working collaboratively, acknowledging the past and embracing innovative and transformative ways of thinking, we can walk into the future with a greater understanding of how to accept the wero (challenge) that is climate change. [2:  	The Intergovernmental Panel on Climate Change (IPCC) defines mitigation as a human intervention to reduce emissions or enhance the sinks of greenhouse gases (IPCC, 2023). ]  [3:  	The IPCC defines adaptation as the process of adjustment to actual or expected climate and its effects in human systems, in order to moderate harm or exploit beneficial opportunities, and the process of adjustment to actual climate and its effects in natural systems; human intervention may facilitate adjustment to expected climate and its effects (IPCC, 2023).] 

[bookmark: _Te_ao_Māori,][bookmark: _Toc147494032]Te ao Māori, whakapapa and our connection to atmosphere and climate 
In te ao Māori (Māori worldview), the atmosphere and climate are observed through our connection with and effects on our moana (oceans), awa (rivers), roto (lakes), whenua (land), flora, fauna and people. The concept of hau (wind or breath) acknowledges the journey that the wind makes between different life forms, through the different spheres, connecting our hauora (health) with all the domains of te taiao (the environment) (Salmond, 2014). 
When the mauri of the atmosphere and climate is unbalanced, it affects all other systems in te taiao, including people. Mauri is an ao Māori concept that describes the spark of life and active component of that life (Mead, 2003). It is the binding force that holds together the physical and spiritual components of a being or thing (Durie, 1998; Morgan, 2006). 
In te ao Māori, many pūrākau (stories) are integral to understanding Māori views of the world, the relationships between people, the universe and atua (Hikuroa, 2017; Marsden, 1988/2003). Atua is a uniquely Māori understanding and personified form of natural realms. Connection to atmosphere and climate extend back to the creation of the world. In one version, Papatūānuku (Earth Mother) and Ranginui (Sky Father) were separated and brought Te Ao Mārama, the world of light. For many Māori, one of their sons, Tāwhirimātea is the atua of weather and the parent of kōhauhau (atmosphere) and āhuarangi (climate). Tāwhirimātea was angered by the separation of his parents and attacked the siblings who caused it with storms, cyclones, droughts and other extreme weather events (Phillips et al, 2016). 
Our previous synthesis report, Environment Aotearoa 2022, framed the atmosphere and climate domains with Ururangi and Waipunarangi. Ururangi is the whetū (star) in Te Kāhui o Matariki (the Matariki cluster) that is connected to the winds, and Waipunarangi is the whetū that is connected to rain (see Environment Aotearoa 2022). Te Kāhui o Matariki signals the start of the Māori new year in some parts of Aotearoa and provides predictions for the year ahead. However, in areas such as the Far North, Taranaki, Whanganui, the South Island and the Chatham Islands, the appearance of the star Puanga or Rigel marks the start of the Māori New Year (Lyver et al, 2009). 
Observations of the sky have informed specific tikanga Māori (customs and protocols). They are essential for reading the changing of the seasons, through observing the appearance of certain stars and the changing path of the sun and maramataka (Harris et al, 2013). The maramataka provides a framework for understanding te taiao and informing cultural practices (Hikuroa, 2017). Maramataka means ‘the moon turning’ and is the traditional Māori way that time was marked by observing the phases of the moon. It is commonly held that Matariki and the maramataka both inform our understanding of how the various lunar nights affect the world and all its inhabitants. In turn, this understanding informs planning and day‑to-day activities (Matamua, 2017). Different maramataka across Aotearoa dictate how iwi engage with their local environment, forecasting timings for activities critical to the wellbeing of Māori. Interest is growing in revitalising and recalibrating the maramataka (Warbrick et al, 2023). 
Climate change threatens the loss of culturally significant land and taonga species. These species are unquestionably treasured by Māori based on historical, cultural, spiritual and ecological significance. Taonga species vary among whānau, hapū and iwi, which can be due to whakapapa (genealogy) connection, identified kaitiaki (guardian) responsibilities and geographical distribution. Many taonga species have been gathered over generations and are connected to traditional Māori practices, such as mahinga kai and rongoā (healing). They are central to the intergenerational transmission of knowledge, including knowledge on the sustainable use and protection of these taonga species and their associated ecosystems (Awatere et al, 2021; Harmsworth & Awatere, 2013; Smith, 2011). The names of taonga can also vary according to their life-cycle stage, iwi and hapū dialect, and within different regions. Taonga species can also represent symbols of status, association with death, tohu (environmental indicators), predictions of weather, metaphors and stories (Keane-Tuala, 2015).
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Our atmosphere and climate 2023 is the latest in a series of environmental reports produced by the Ministry for the Environment and Stats NZ. It is part of the third cycle of reports released under the Environmental Reporting Act 2015 (the Act), following our atmosphere and climate reports in 2017 and 2020.
In 2019 the Parliamentary Commissioner for the Environment (PCE) released a report (PCE, 2019) which identified how the environmental reporting system could be improved and recommended amendments to the Act. Implementation of these changes has started and will provide a stronger foundation to ensure we better understand te taiao and the effects people are having on it. 
Our atmosphere and climate 2023 continues the scaled-back format for environmental reports first signalled in Our air 2021. It provides valuable information while we progress the changes needed to improve the reporting system, in line with recommendations from the PCE (PCE, 2019). This is an information-oriented release, with the main focus on updating recent indicators and scientific evidence about our atmosphere and climate. 
[bookmark: _Toc147494034]Report structure
As required by the Act, we use the concepts of pressure, state and impact to report on the environment, and this forms the basis for the report’s structure. The logic of this framework is that pressures cause changes to the state of the environment, and these changes may affect our values. Aligned with the proposed amendments to the Act put forward by the PCE, this report also includes outlooks as part of the framework. Outlooks are a description of how the environment may change in the future. They are assessed based on current data and trends and likely future impacts on the environment and the things we value. 
Due to the interconnected nature of the atmosphere and climate with other environmental systems, this report also documents the effects of climate change on biodiversity and ecosystems. It describes the impact of climate change on our public health, wellbeing, culture, economy, infrastructure and recreation. The evaluation of specific policy is out of scope for environmental reporting releases under the Act. 
Mātauranga Māori represents a valuable record of our environment that is unique to Aotearoa and is integral to our reports. Our atmosphere and climate 2023 intentionally elevates te ao Māori, mātauranga Māori and promoting connections across knowledge systems. This included the use of te reo Māori and the continued inclusion of Māori concepts and pūrākau (stories) in our report products. 
The data used in this report came from many sources including central and local government and Crown research institutes. Further supporting information was provided using a ‘body of evidence’ approach. This body of evidence includes peer reviewed, published literature, as well as mātauranga Māori and observational tools used to identify changes in our atmosphere and climate environment.
All data used in this report, including references to scientific literature, were corroborated and checked for consistency with the original source. The report was produced by a team of analysts and scientists from within and outside of the Ministry for the Environment and Stats NZ. It was also reviewed by a panel of independent scientists. The indicators related to our atmosphere and climate and the date they were last updated are available on the Stats NZ indicators web pages. 
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Ngā pēhanga ki te taiao 
Pressures on the environment
Greenhouse gas emissions from human activities are accumulating in the atmosphere and are the most significant driver of climate change since pre-industrial times. Natural influences, such as climate oscillations, can also lead to climate fluctuations. However, by increasing the amount of greenhouse gases in the atmosphere, humans are having a profound impact on our climate. 
Our domestic greenhouse gas emissions contribute to this global picture. Nearly half of our emissions come from agriculture, mainly methane from farm animals. Our energy sector is the second largest contributor, mainly carbon dioxide resulting from the combustion of fossil fuels for various purposes, like driving, air travel, manufacturing and coal-fired electricity generation. Although a significant portion of our electricity comes from clean, renewable sources, we still supplement it with coal and gas generation. Furthermore, we are heavily reliant on fossil fuels for transportation energy. 
Trees and other vegetation partially offset some carbon dioxide emissions, although this is diminishing over time. Historical land-use decisions have led to the loss of indigenous land cover (with over half of the total land area modified for agriculture, forestry and housing) and wetlands (where only around 10 per cent of historic wetlands remain). This loss reduces their capacity to absorb carbon and support nature’s contribution to people, such as promoting ecological processes, mitigating flooding and landslides, and reducing erosion. The removal of this natural infrastructure not only results in ecological losses but also reduces climate resilience. As long as Aotearoa New Zealand’s net emissions (total emissions plus any emissions added or removed by the land use, land-use change and forestry sector) are greater than zero, we are contributing to further climate change. 
Pressures on the atmosphere and climate also put pressure on the holistic system that connects landscapes, oceans, ecosystems and people
A holistic view acknowledges the intrinsic connection between the atmosphere, climate and wider environmental system. It recognises the interdependencies and inter‑relatedness of things, including between people and their environment. 
Science supports the view of an interconnected Earth system, with climate, biodiversity and humans interacting across complex networks (Levin, 1998; Marquet et al, 2019; Solé & Levin, 2022).
A Māori perspective of the natural world recognises that non-human parts of the environment have mauri and are considered tupuna (ancestors) and taonga (treasured), with inherent rights, value and agency (see Te ao Māori, whakapapa, and our connection to atmosphere and climate, for a definition of mauri). When the mauri of the atmosphere and climate is unbalanced, it affects all other systems in te taiao (the environment), including people (Harmsworth & Awatere, 2013; Mead, 2003). 
The holistic and reciprocal connection between Māori and the natural world is formed through shared whakapapa (genealogy). The creation and ongoing balance of the natural world is interconnected through this web of kinship, and responsibility to care is reflected in pūrākau (stories) where these relationships shape connection to the environment (Forster, 2019; Harmsworth & Awatere, 2013). 
In one pūrākau, when humans change the balance established at the beginning with Te Ao Mārama (the world of light) by putting pressure on the atmosphere, Tāwhirimātea and his offspring (the atua that represent changes in meteorology and the atmosphere) protect Ranginui (the Sky Father) and respond by attacking the atua of the ngahere (forest), moana (ocean), and plants and animals with severe weather. These entities are not only considered personifications of the winds, or earth and sky, but also an expression of mauri (see Te ao Māori, whakapapa, and our connection to atmosphere and climate for a definition of atua) (Tunks, 1997).
Within te ao Māori (Māori worldview), human activities that adversely affect the delicate balance of gases in the atmosphere can have cascading effects. When we put pressure on the atmosphere and climate, we shift the mauri of that part of the ecosystem, in turn putting pressure on all ecosystems including people and communities (Harmsworth et al, 2016; MfE, 2021a).
Our oceans, land and atmosphere are closely connected through
water, heat and carbon
After their separation, the soft mists of Papatūānuku (Earth mother) rose to greet Ranginui, and the tears from Ranginui took the visible form of rain and dew that fell from the sky to give life to the land (Reed, 2021; Salmond et al, 2019). This recognises the holistic connection of water in the atmosphere, in groundwater and on land.
Atmospheric circulation affects moisture transport and has a complex connection to precipitation in Aotearoa (Bennet & Kingston, 2022). Storm systems from the tropics can move south towards Aotearoa and evolve from tropical cyclones to take on the properties of mid-latitude storms (Sinclair, 2002).
Aotearoa, surrounded by the ocean, has mid-latitude prevailing westerly winds. These winds control regional air temperature and moisture, and regulate ocean circulation, heat transport and carbon uptake (Bracegirdle et al, 2020; Goyal et al, 2021).
Mountains down the length of the North Island and South Island, including the Southern Alps, interact with different air masses and the westerly airflow. This influences weather, climate and precipitation (Cullen et al, 2019; Little et al, 2019; Sturman & Spronken-Smith, 2001).
Atmospheric rivers are long, narrow regions in the atmosphere that transport significant quantities of water vapour. Precipitation is often observed when atmospheric rivers reach land and interact with topography (Prince et al, 2021; Waliser & Guan, 2017).
Aotearoa is in a region of high atmospheric river activity with a range of occurrences identified (Little et al, 2019; Prince et al, 2021; Reid et al, 2021; Waliser & Guan, 2017). 
Global oceans have absorbed nearly 25 percent of total human carbon emissions since the start of the industrial revolution (Friedlingstein et al, 2019) and captured 90 percent of the excess heat generated by these emissions (Lindsey & Dahlman, 2023).
Water vapour is a naturally occurring greenhouse gas in the Earth’s atmosphere that has a strong warming effect, and its atmospheric concentration is closely linked to temperature (IPCC, 2007).
Emissions from human activities put the most pressure on our atmosphere and climate 
Emissions from human activities including agriculture, land use and burning of coal, oil and gas have caused an increase in the concentration of greenhouse gases in the Earth’s atmosphere (IPCC, 2023).
Carbon dioxide, methane and nitrous oxide are some of the most significant of the greenhouse gases that human activities are emitting, with additional gases, such as hydrofluorocarbons, also causing pressure (Montzka et al, 2011, Prentice et al, 2001). 
[bookmark: _Hlk146743121]Carbon dioxide has the biggest effect on climate warming from human activities. This is because it is emitted in large quantities by many different processes and stays in the atmosphere for a long time (EPA, 2023a, Prentice et al, 2001).
Methane and nitrous oxide are emitted in smaller quantities but also make up a significant contribution to warming. Methane has far greater heat trapping potential than carbon dioxide but has a relatively short atmospheric lifetime of around 9 years. While methane is short-lived, reducing methane emissions could rapidly reduce the rate of warming in the near term. Nitrous oxide is also a powerful greenhouse gas that remains in the atmosphere for around 120 years (Montzka et al, 2011).
Other greenhouse gases, like hydrofluorocarbons, are potent, sometimes thousands of times higher than carbon dioxide (EPA, 2023b). These gases are generally short-lived and emitted in much smaller quantities than carbon dioxide, methane and nitrous oxide (Montzka et al, 2011).
The concentration of a greenhouse gas in the atmosphere depends on the rates of its emission into the atmosphere and the rates of processes that remove it from the atmosphere. Concentrations of some greenhouse gases decrease almost immediately in response to emission reduction, while others can continue to increase for centuries even with reduced emissions (IPCC, 2007).
Our gross emissions have increased between 1990 and 2021, though they have remained relatively stable since 2006 
Aotearoa New Zealand’s share of global greenhouse gases emissions is small, but its gross emissions per person are high. In 2021, our gross greenhouse gas emissions (or total emissions) were 19 percent higher than in 1990. Since peaking in 2006, our gross emissions have been relatively stable despite increases in population and economic activity (MfE, 2023a) (figure 1). 
The two largest contributors to our gross emissions in 2021 were the agriculture sector, at 49 percent, and energy sector (including transport), at 41 percent (MfE, 2023a).
Methane and nitrous oxide, largely from agricultural sources, made up over half of our gross emissions (43 percent and 10 percent, respectively). The remaining emissions consisted mostly of carbon dioxide (45 percent), mainly from the energy sector and industrial processes and product use (IPPU) sector (MfE, 2023a) (see figure 2).
The COVID-19 pandemic had an observable effect on our gross emissions in 2020, with a 3 percent reduction on 2019 levels. This reduction was primarily attributed to decreased fuel usage in road transport, manufacturing, construction, and domestic aviation (MfE, 2023a). 
[bookmark: figure1][bookmark: _Toc147484227]Figure 1: 	Aotearoa New Zealand’s annual greenhouse gas emissions, 1990–2021
[image: A line graph showing Aotearoa New Zealand’s annual greenhouse gas emissions from 1990 to 2021. It shows gross and net emissions in kilotonnes of carbon dioxide equivalent.]
Note: Emissions presented here exclude emissions from Tokelau. LULUCF refers to the land use, land-use change and forestry sector.
In 2021, gross emissions further declined by 0.7 percent, compared with 2020, largely due to decreases in emissions across the agriculture sector. COVID-19 continued to affect the energy sector in 2021, and emissions from other sectors largely rebounded to pre‑pandemic levels (MfE, 2023a).
Our net emissions (total emissions plus any emissions added or removed by the land use, land-use change and forestry sector) have increased by 25 percent between 1990 and 2021, due to the underlying increase in gross emissions (MfE, 2023a) (figure 2). 
[bookmark: figure2][bookmark: _Toc147484228]Figure 2: 	Aotearoa New Zealand’s gross greenhouse gas emissions, 2021
[image: A percentage ribbon graph showing Aotearoa New Zealand’s gross greenhouse gas emissions by gas and sector of the economy in 2021. It shows both the percentage of total emissions and absolute amount of emissions in kilotonnes of carbon dioxide equivalent.]
Note: Emissions presented here exclude emissions from Tokelau. CO2-e = carbon dioxide equivalent.
Most of our methane emissions come from agriculture and are declining weakly due to a decrease in dairy cattle and sheep populations 
The agriculture sector accounts for nearly half (49 percent in 2021) of Aotearoa New Zealand’s gross emissions. Agricultural emissions were up 13 percent from 1990 and down 1 percent from 2018 (MfE, 2023a).
In 2021, 89 percent of our methane emissions came from livestock (figure 2). Livestock methane emissions were up 6 percent from 1990 and down 1 percent from 2018 (MfE, 2023a).
Methane emissions from dairy cattle decreased by 2 percent between 2018 and 2021, and emissions from sheep and pigs decreased by 6 percent and 13 percent, respectively (MfE, 2023a) (figure 3). 
In 2021, 92 percent of all nitrous oxide emissions were from agricultural soils (figure 2). These emissions mainly come from the urine and dung of grazing animals and synthetic nitrogen fertiliser, which is converted to nitrous oxide by soil microbes. Nitrous oxide emissions from agricultural soil were up 40 percent from 1990 and down 1 percent from 2018 (MfE, 2023a).
Agriculture emissions most recently peaked in 2014 after which they have stayed relatively stable (MfE, 2023a). The peak in agriculture emissions coincided with a peak in the national dairy herd (see Indicator: Livestock numbers).
[bookmark: _Hlk137720709]Waste accounted for 9 percent of our methane emissions in 2021 (figure 2). Since peaking in 2002, emissions from the waste sector have generally decreased due to ongoing improvements in the management of solid waste disposal in landfills and wastewater treatment. Methane emissions from waste were down 5 percent from 2018 (MfE, 2023a).
[bookmark: figure3][bookmark: _Toc147484229]Figure 3: 	Aotearoa New Zealand’s gross methane emissions (as carbon dioxide equivalent), 1990–2021
[image: A percentage bar graph showing Aotearoa New Zealand’s gross methane emissions by sector of the economy from 1990 to 2021. It shows emissions in kilotonnes of carbon dioxide equivalent.]
Note: Emissions presented here exclude emissions from Tokelau.
Transport is our largest source of carbon dioxide emissions, with electric vehicles accounting for only a small proportion of our light vehicle fleet 
Aotearoa has one of the highest per capita rates of carbon dioxide emissions from road transport, compared with other developed countries (MfE, 2023a). 
Emissions from road transport accounted for 37 percent of our gross carbon dioxide emissions in 2021. Nearly 64 percent of all transport carbon dioxide emissions are from cars and light-duty trucks (SUVs, utes, vans and light trucks and buses up to 3,500 kilograms) (MfE, 2023a).
Carbon dioxide emissions from road transport increased by 89 percent between 1990 and 2021. Influenced by the COVID-19 pandemic restrictions, carbon dioxide emissions from road transport decreased by 7 percent between 2018 and 2021 (figure 4). Over the same period, emissions from cars, and heavy-duty trucks and buses were down 12 percent and 2 percent respectively, while emissions from light-duty trucks increased 0.5 percent (MfE, 2023a). 
The number of active electric vehicles (battery electric vehicle or plug-in hybrid electric vehicle) in Aotearoa has been growing rapidly in recent years. The electric vehicle fleet size was 85,593 by August 2023, which almost quadrupled, compared with August 2020. Despite the growing sales of electric vehicles, electric vehicle uptake accounts for only 2 percent of the total light vehicle fleet in Aotearoa in August 2023 (EVDB, 2023).
[bookmark: figure4][bookmark: _Toc147484230]Figure 4: 	Aotearoa New Zealand’s gross carbon dioxide emissions, 1990–2021 
[image: A percentage bar graph showing Aotearoa New Zealand’s gross carbon dioxide emissions by sector of the economy from 1990 to 2021. It shows emissions in kilotonnes of carbon dioxide equivalent.]
Note: Emissions presented here exclude emissions from Tokelau.
A large proportion of our electricity comes from renewable sources, but we rely heavily on fossil fuels for heat and energy for manufacturing and construction 
The manufacturing industries and construction sector was Aotearoa New Zealand’s next biggest source of gross carbon dioxide after transport, accounting for 18 percent of our gross carbon dioxide emissions in 2021 (MFE, 2023a) (figure 2). 
Carbon dioxide emissions from the manufacturing industries and construction sector were mainly from using fossil fuels to produce heat and energy. Carbon dioxide emissions from the manufacturing industries and construction sector were up 33 percent from 1990 and down 9 percent from 2018 (MfE, 2023a) (figure 4).
The food processing, beverages and tobacco product subsector made up the largest portion of manufacturing emissions, mainly because fossil fuels are still used in many industrial boilers. In 2021, the subsector produced 8 percent of our gross carbon dioxide emissions. Carbon dioxide emissions from the food processing, beverages and tobacco product subsector were up 68 percent from 1990 and down 8 percent from 2018 (MfE, 2023a). 
Public electricity and heat production accounted for 13 percent of our gross carbon dioxide emissions in 2021. Carbon dioxide emissions from public electricity and heat production were up 26 percent from 1990 and up 27 percent from 2018 (MfE, 2023a). 
In 2021, the share of electricity generated from renewable energy sources in Aotearoa was 82 percent, compared with 81 percent in 1990 (MfE, 2023a). The percentage of Aotearoa New Zealand’s electricity generated from renewable energy sources varies each year, depending on the amount of rainfall and, to a lesser extent, wind. We still supplement electricity generation with coal and gas generation (EECA, 2023).
The IPPU sector accounted for 8 percent of our gross carbon dioxide emissions in 2021 (figure 2). Carbon dioxide emissions from the IPPU sector were up 15 percent from 1990 and down 6 percent from 2018 (MfE, 2023a).
Carbon dioxide is removed from the atmosphere when plants grow and store carbon, which offsets some, but a decreasing percentage, of our emissions
Land use, land-use change and forestry offset 27 percent of gross greenhouse gas emissions in 2021 in Aotearoa. This was 4 percent less than 1990, and 12 percent less than 2018 (MfE, 2023a).
Net removals are variable because of the influence of forest planting and harvesting cycles. Net removals from land use, land-use change and forestry in 2021 were 4 percent more than in 1990, and 12 percent less than 2018, largely due to the increase in the harvest rate of planted forests (MfE, 2023a). 
Before human arrival, more than 80 percent of the land was covered with native forest (see Indicator: Predicted pre-human vegetation). Recently, indigenous land cover area losses have continued. These losses reduce the capacity of our native forests and other vegetation to absorb carbon. Between 2012 and 2018, indigenous land cover area decreased by 12,869 hectares, with Southland having the highest area of net loss (3,944 hectares) (see Indicator: Indigenous land cover).
Modelling indicates that our forest ecosystems could be absorbing up to 60 percent more carbon dioxide than had been calculated, with much of this uptake likely occurring in native forests (Steinkamp et al, 2017).
Repo (wetlands) have unique biodiversity and are important for carbon storage
Repo in coastal areas have unique biodiversity, such as saltmarshes, mangroves and seagrasses, which capture and store ‘blue carbon’ through photosynthesis and sediment accumulation (Mcleod et al, 2011; Ross et al, 2023).
Healthy repo in coastal areas can also stabilise coastlines, purify water through filtering out nutrients and sediments, and increase climate resilience by buffering communities from storm surges and floods (Clarkson et al, 2013; McLeod et al, 2011).
Globally, many human activities negatively affect repo (land-use change, draining, pollution, sedimentation) (Lotze et al, 2006; Murray et al, 2022). It is estimated around 90 percent of repo in Aotearoa have been lost since pre-human settlement (Dymond et al, 2021). 
When repo in coastal areas are degraded, their plants and soils are washed away, and their organic carbon is exposed to microbial oxidation, which increases greenhouse gas emissions (Lovelock et al, 2017; Pendleton et al, 2012).
Aerosols can have heating and cooling effects on the climate
Aerosols are small solid or liquid particles in the atmosphere that can come from human and natural sources, including transport, coal fires, sea-salt and volcanoes (Ruiz-Arias et al, 2021; Sakai et al, 2016; Shi et al, 2022).
Aerosols can absorb or scatter incoming solar radiation and be the seed on which cloud drops and ice crystals can grow. Through these processes, aerosols can influence the weather and climate (Hamilton, 2015; Ruiz-Arias et al, 2021; Spada et al, 2015). 
Black carbon strongly absorbs sunlight due to its dark colour and has localised warming effects in Aotearoa. It mostly comes from vehicles, domestic fires and wildfires (Bond et al, 2013; Lee et al, 2022). 
No inventory exists for black carbon emissions in Aotearoa, though nitrogen dioxide emissions can be used as a proxy for these (see Our air 2021). Over 2011 to 2020, nitrogen dioxide trends were improving at 6 out of 7 sites, and indeterminate at one site (see Indicator: Nitrogen dioxide concentrations).
Wildfires and dust storms in Australia produce dust aerosols that can be transported to Aotearoa and have the potential to influence our climate (Brahney et al, 2019; Nguyen et al, 2019).
Global efforts to reduce the use of ozone depleting substances have seen the hole in the ozone layer reduce, but some substitutes are potent greenhouse gases
The ozone layer stops potentially harmful ultraviolet radiation reaching the Earth’s surface, but damage to the ozone layer was discovered over Antarctica in the 1980s.
The Montreal Protocol was established in 1987 to reduce the production of ozone depleting substances, which are human-made chemicals that destroy the ozone layer. Aotearoa does not manufacture any of the substances controlled under the protocol (MfE, 2021b). 
Methyl bromide is an ozone depleting substance that is notably still used in Aotearoa to fumigate logs for export, however, the Government is working with importing countries on accepting alternative treatments for logs.
The size of the ozone hole naturally varies from year to year but is on track to recover, and in 2019, was at its smallest since 2002 (WMO, 2022).
The annual average thickness of the ozone column decreased between 1979 and 2022. The average over this period was slightly thicker than the global average (see Indicator: Atmospheric ozone) (Liley & McKenzie, 2006).
Hydrofluorocarbons and perfluorocarbons are potent greenhouse gases often used as substitutes for ozone depleting substances. Hydrofluorocarbon emissions accounted for 32 percent of the IPPU sector in 2021 and were up 8 percent since 2018 (MfE, 2023a). Hydrofluorocarbons and related compounds are being phased down under the Kigali Amendment to the Montreal Protocol (MfE, 2019).
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Whakarongo ki te taiao 
Listen to the environment
Climate change is becoming increasingly evident in Aotearoa New Zealand. Our average and extreme temperatures have increased since pre-industrial times. The growing season has lengthened, and the number of frost days has decreased in most parts of the country. Annual rainfall is changing in most places in Aotearoa, with the south of Aotearoa becoming wetter and the north and east becoming drier. Medium-term droughts are becoming more frequent.
Extreme weather events, such as those leading to floods and slips in Tairāwhiti and Auckland, storms in Westport and Nelson, and droughts across the country, are becoming both more frequent and severe. Concern is increasing that changes in the frequency of events will lead to a higher risk of multiple severe weather events that overlap in time and/or space. 
Gradual changes, such as increasing temperatures, may not be as noticeable in our day-to-day life, but can cause cascading effects through the environment and lead to irreversible changes. These changes in our atmosphere and climate are evident and reflected through changes in our ecosystems and taonga (treasured) species, altering ngā tohu o te taiao, or environmental indicators. 
Changing state of our atmosphere and climate can be observed through changes in ngā tohu o te taiao
Many Māori traditions of monitoring weather patterns and extreme events through oral communication are thought to provide insights into long-term climate trends, identify shifts in observations and warn of dangers related to climate change (King et al, 2007).
Different winds and cloud formations can be indicators for short term weather patterns, incoming storms, fishing conditions and harvesting times. Iwi who travelled extensively on waka (canoe) relied on this specific knowledge of clouds and winds to forecast safe travel and fishing practices, adapting and maintaining resilience in the face of global change, including climate change (King & Skipper, 2006; King et al, 2007).
[bookmark: _Hlk146109016]Through observing the environment closely over time, Māori developed a deep knowledge of location-specific environmental indicators, or tohu, which help to monitor and forecast trends in te taiao (Harcourt & Awatere, 2022; King et al, 2005).
Tohu are passed down generations through different forms, including pūrākau (stories) and whakatauākī (proverbs) (Harcourt & Awatere, 2022). 
Weather and climate variability and extremes can be monitored through tohu (environmental indicators), for example, behaviour of birds and blooming of flowers. The use of tohu reflects connection through whakapapa (genealogy) and the dependencies that exist throughout the atmosphere and wider environment (King et al, 2005).
The timing of tohu is changing. Warming sea temperatures have changed the times when kina (sea urchins) are fat and ready for gathering, and this is no longer in sync with the traditional summer blooming of the pōhutukawa (see Our marine environment 2019 and Our atmosphere and climate 2020). 
The maramataka helps to monitor the weather, seasonal changes and migratory patterns of birds and fish (see Te ao Māori, whakapapa and our connection to atmosphere and climate for a definition of the maramataka) (Harris et al, 2013).
Many hapū and iwi have developed their own rohe-specific maramataka through centuries of detailed observations. These observations can be used to track appropriate times for harvesting and planting crops, hunting and fishing, and gathering kai moana (seafood) (Harris et al, 2013).
Atmospheric concentrations of greenhouse gases have increased substantially since pre-industrial times and have continued to increase in recent years 
In 2019, global atmospheric carbon dioxide concentrations (410 parts per million (ppm)) were higher than at any time in at least 2 million years (IPCC, 2021).
The highest atmospheric carbon dioxide concentration observed between 1972 to 2022 was 415.5 ppm in August 2022, which is up 6 percent since 2012 and around 48 percent higher than pre-industrial levels of 280 ppm (see Indicator: Greenhouse gas concentrations) (Ciais et al, 2013).
The highest atmospheric methane concentration observed over 1989 to 2022 was 1881.4 parts per billion (ppb) in October 2022, which is around 169 percent higher than pre-industrial levels (see Indicator: Greenhouse gas concentrations) (Ciais et al, 2013).
The highest atmospheric nitrous oxide concentration observed between 1996 to 2022 was 335.5 ppb in December 2022, which is around 24 percent higher than pre‑industrial levels (see Indicator: Greenhouse gas concentrations) (Ciais et al, 2013).
Long-term annual average temperatures are rising in Aotearoa, with increasing temperatures across all seasons in most places
Annual average temperature in Aotearoa has increased by 1.26 (± 0.27) degrees Celsius between 1909 and 2022 (114 years), with 8 of the 10 warmest years on record in the past decade (figure 5) (see Indicator: Temperature). 
From 1972 to 2022, when seasonal data are available, trends were increasing for 25 of 30 sites in spring, 28 sites in summer, 28 sites in autumn and 30 sites in winter.
Trends in warm days increased at 25 sites, decreased at 3 sites (Taumarunui, Milford Sound and Dunedin) and were indeterminate at 2 sites (see Indicator: Temperature). A warm day occurs when the daily maximum temperature is above 25 degrees Celsius.
Data from 30 of NIWA’s climate stations across Aotearoa support many of the environmental indicators by Stats NZ presented in this report (see appendix A, for more information on sites and trends).
The hottest days of the year have increased by over 0.5 degrees Celsius during the past 20 years across many populated areas of Aotearoa (Harrington & Frame, 2022).
[bookmark: figure5][bookmark: _Toc147484231]Figure 5: 	Aotearoa New Zealand’s annual average temperature anomaly, 1909–2022 
[image: A bar chart showing Aotearoa New Zealand’s annual average temperature anomaly from 1909 to 2022. It shows annual temperature anomaly in degrees Celsius.]
Note: The baseline for temperature anomalies is the average annual temperature for the 30 years from 1961 to 1990.
Growing seasons are lengthening and frost days are declining in most places in Aotearoa, changing ngā tohu o te taiao
Trends in the number of frost days decreased at 20 of 27 sites, increased at 5 sites and were indeterminate at 2 sites, between 1972 and 2022. A frost day occurs when the daily minimum air temperature is below zero degrees Celsius, as measured 1.2 metres above the ground (rather than a day that has frost on the ground) (see Indicator: Frost and growing degree days). 
The observation of hukapapa, or severe frosts, can be used as an indicator for many Māori customary practices. Cold weather and frosts can indicate a good year ahead for the kererū (New Zealand pigeon) and tree production (Lyver et al, 2009).
Some insect pests and certain plants (including invasive species) benefit from fewer frost days, while other plants rely on frosts for triggering processes like blossoming in fruit trees (Lyver et al, 2009, McGlone & Walker, 2011). 
Trends in the number of growing degree days increased at 29 sites, and one site had an indeterminate trend (Lake Tekapo) between 1972 and 2022 (see Indicators: Frost and growing degree days).
Growing degree days is a measure that can be used to estimate the length of the growing season for agriculture and horticulture. The measure counts the total number of degrees Celsius that the average temperature is above a base temperature (commonly 10 degrees Celsius) each day. 
Growing degree days indicate the amount of warmth available for plant and insect growth and can be used to predict when flowers will bloom and crops and insects will mature. While some plants and animals may benefit from more growing degree days, it can also mean more water and heat stress and longer pollen and pest seasons.
Annual rainfall is changing in most places in Aotearoa, with the south becoming wetter and the north and east becoming drier
Annual rainfall across 30 sites increased at 15 sites and decreased at 8 between 1960 and 2022. Seven sites had indeterminate trends (see Indicator: Rainfall).
Annual rainfall increased at many sites in the southern South Island. Of the sites where rainfall decreased, many were in the northern half of the North Island (figure 6).
[bookmark: _Toc147484232]Figure 6: 	Average annual rainfall trends, 1960–2022 
[image: A point map of Aotearoa New Zealand showing average annual rainfall trends from 1960 to 2022. It shows whether trends are very likely increasing, likely increasing, indeterminate, likely decreasing, or very likely decreasing.]
Extreme rainfall is changing in most places in Aotearoa, with spatial patterns somewhat similar to annual average rainfall trends
Annual maximum one-day rainfall amounts decreased at 10 sites, 7 of which were in the upper half of the North Island. Annual maximum one-day rainfall increased at 12 sites, and 8 sites had indeterminate trends (figure 7) (see Indicator: Extreme rainfall and appendix A, for a definition of extreme rainfall).
The percentage of annual rainfall from very wet days decreased at 8 sites and increased at 14. Eight sites had indeterminate trends.
Most sites with increasing rainfall trends also had increasing trends in annual maximum one-day rainfall amounts. Most sites with decreasing rainfall trends also had decreasing trends in annual maximum one-day rainfall amounts (see Indicator: Extreme rainfall).
Extreme rainfall measures the percentage of annual rainfall from very wet days, which are defined as days where rainfall exceeds the 95th percentile of daily rainfall totals (see appendix A).
[bookmark: figure7][bookmark: _Toc147484233]Figure 7: 	Annual maximum one-day rainfall trends, 1960–2022 
[image: A point map of Aotearoa New Zealand showing annual maximum one-day annual rainfall trends from 1960 to 2022. It shows whether trends are very likely increasing, likely increasing, indeterminate, likely decreasing, or very likely decreasing.]
Frequency of medium-term (agricultural) drought is increasing in many places in Aotearoa
A drought is a prolonged and marked shortage of moisture compared with what is expected. Drought is mainly caused by a lack of rain, but high temperatures and strong winds can contribute because they accelerate evaporation and water loss from soil, vegetation and waterways (see appendix A, for the method used to characterise drought). 
Trends in frequency of agricultural drought events (medium-term; across six months) are increasing at half of the total sites. Agricultural drought frequency increased at 15 sites and decreased at 6, while 9 sites had indeterminate trends (figure 8) (see appendix A, for more data on short- and long-term droughts, see Indicator: Drought).
Trends in drought intensity are indeterminate at a majority of sites, though more sites showed decreasing rather than increasing trends across agricultural drought events. Agricultural drought intensity increased at 5 sites and decreased at 9, while 16 sites had indeterminate trends.
Of 30 sites, 19 had extreme dryness from 1972 to 2022. Twenty sites spent at least 25 percent of the time in medium-term drought, with Dannevirke spending the most time in a drought event (56 percent of the time) (see Indicator: Drought).
[bookmark: figure8][bookmark: _Toc147484234]Figure 8: 	Frequency trends for medium-term droughts, 1972–2022 
[image: A point map of Aotearoa New Zealand showing trends in the frequency of medium-term drought from 1972–2022. It shows whether trends are very likely increasing, likely increasing, indeterminate, likely decreasing, or very likely decreasing.]
El Niño Southern Oscillation and Southern Annular Mode influence natural climate variability in Aotearoa
Natural patterns of change (oscillations) influence the weather and climate in Aotearoa, including the El Niño Southern Oscillation (ENSO), Interdecadal Pacific Oscillation (IPO) and Southern Annular Mode (SAM) (see Indicators: ENSO, IPO, SAM).
El Niño is a warm-water equatorial current across the Pacific Ocean that is associated with a fluctuation of a global-scale tropical and subtropical surface pressure pattern called the Southern Oscillation. This, coupled with atmospheric-ocean phenomenon, is known as ENSO. It influences global and national rainfall, temperature and wind patterns, and has three phases: neutral, El Niño and La Niña (NIWA, nd-a). 
In Aotearoa an El Niño phase in summer can bring increased westerly winds, more rain in the west and dryness in the east; in winter it can lead to more frequent, cooler southerly winds. During a La Niña phase, we may experience more north-easterly winds, wetter conditions in the north and east, and higher sea levels. We can also experience warmer than average air and sea temperatures.
The most recent El Niño phase was from July 2015 to April 2016. This was one of the two strongest El Niño phases during 1990 to 2022, with the other occurring during 1997 to 1998. The most recent La Niña phase was from April 2022 to December 2022 (see Indicator: El Niño Southern Oscillation).
The frequency and intensity of El Niño events between 1951 and 2000 were high relative to 1901 to 1950, but this does not necessarily reflect a long-term trend. The link between climate change and ENSO is still uncertain (Gulev et al, 2021).
SAM is associated with the strength and position of westerly winds and storm tracks. Evidence indicates the positive trend of SAM over recent decades is an indirect response to ozone depletion and climate change (Goyal et al, 2021; King et al, 2023; Morgenstern, 2021).
Extreme winds are decreasing at most sites in Aotearoa, which may be due to a positive Southern Annular Mode phase
Trends in annual average of the daily maximum wind gust decreased at 14 sites and increased at 3 sites (Gisborne, New Plymouth and Queenstown).
Trends in annual maximum wind gust decreased at 12 sites, increased at 3 sites (Gisborne, New Plymouth and Queenstown) and were indeterminate at 2 sites (figure 9).
Extreme wind measures the annual average of the daily maximum wind gust (a measure of windiness) and annual maximum wind gust (a measure of wind strength). Seventeen sites around the country had sufficient data between 1980 and 2022 to allow trends to be determined. 
The recent declines in extreme wind magnitude and frequency are likely to be related to SAM more often being in a positive phase that moves storm tracks further south (NIWA, nd-b; Thompson et al, 2011).
[bookmark: figure9][bookmark: _Toc147484235]Figure 9: 	Annual maximum wind gust trends, 1980–2022 
[image: A point map of Aotearoa New Zealand showing annual maximum wind gust trends from 1980–2022. It shows whether trends are very likely increasing, likely increasing, indeterminate, likely decreasing, or very likely decreasing.]
Extreme weather events are becoming more frequent and intense 
with climate change 
A body of local evidence and research is growing that shows the intensity and/or frequency of extreme weather events we experience in Aotearoa is increasing with climate change (Harrington & Frame, 2022; Harrington & Renwick, 2014; Salinger et al, 2019; Thomas et al, 2023). 
The frequency of tropical cyclones is slightly decreasing over the South Pacific basin, but the cyclones that do form are more severe (Chand et al, 2022; NIWA, 2017; Roberts et al, 2020).
We have recently seen multiple severe weather events that overlap in time and/or space. One example is the atmospheric river that delivered an unprecedented amount of rainfall to Auckland in January 2023, closely followed by the effect of Cyclone Gabrielle across much of the North Island in February 2023 (Macinnis-Ng et al, 2023).
Nine of the ten most damaging floods in Aotearoa between 2007 and 2017 occurred during atmospheric river events (Reid et al, 2021). Evidence indicates that, in mountain areas and in northern Aotearoa, much of the rainfall total as well as extreme rainfall events could be related to atmospheric rivers, although with seasonal variation (Shu et al, 2021). In 2021, extreme rainfall events that caused flooding in Canterbury were 10 percent to 15 percent more intense because of climate change. Similarly, extreme weather, and associated flooding, on the West Coast in 2021 were nearly 10 percent more intense due to climate change (MfE, 2023b).
Floods are some of Aotearoa New Zealand’s most frequent and damaging natural hazards (Frame et al, 2020; Officials Committee for Domestic and External Security Coordination, 2007). Floods are most commonly caused by heavy and/or prolonged rainfall but can be mitigated by other factors such as land use and infrastructure (Auliagisni et al, 2022). 
The frequency of extreme temperature events in Aotearoa has doubled due to human influence (Thomas et al, 2023).
Wildfire risk is changing in Aotearoa, the number of days with very high and extreme fire danger increased at 12 sites and decreased at 8 of the 28 monitoring sites between 1997 and 2019 (see Indicator: Wildfire risk). Comparison of fire risk is complicated due to the difference in fuel type used for analysis between sites (see appendix A). 
Between 1 July 2020 and 27 June 2021, 4,586 fires burnt an area of 13,348 hectares (larger than the area of Hamilton), surpassing the 5-year and 10-year averages for the number of wildfires and area burnt (FENZ, 2022c). 
In 2022, the Awarua Wetland Ramsar site in Southland and Kaimaumau–Motutangi in Northland were significantly affected by wildfire (FENZ, 2022a, 2022b). 
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Ka ora te taiao, ka ora te tāngata 
Healthy environment, healthy people
The interconnected nature of the environment means the impacts of our changing climate are cascading through ecosystems, compounding other pressures from human activities including past land use choices, habitat fragmentation and pollution. These compounding pressures are affecting our biodiversity and species ranges and disturbing ecosystem structures, as well as exacerbating the risk of other threats such as invasive species. Heat extremes have driven local extinctions of species, along with mass mortality on land and in the ocean. Biodiversity loss threatens the ability of our ecosystems to absorb carbon and limits their ability to provide protection and resilience against the impacts of climate change. 
Climate change is also having widespread effects on humans and our communities and society. In some situations, climate change is increasing risks to our safety and security or exacerbating existing vulnerabilities. Climate-related risks are already affecting the financial system and broader Aotearoa New Zealand economy. Two-thirds of New Zealanders live in areas prone to flooding and rising sea levels. Food insecurity, loss of livelihoods and uncertainty around climate change have ongoing effects on mental health. Changing seasons affect mātauranga Māori (Māori knowledge) and many important Māori practices including the transfer of mātauranga Māori across generations. Māori practices, such as mahinga kai (traditional food gathering practices) and rongoā (healing), need to adapt to the changing availability of species and loss of taonga (treasured) species. 
Climate change is already affecting sea levels, ocean temperatures,
ocean acidity, glacial ice melt and freshwater flows
Climate influences the landscape of Aotearoa: our coasts, river valleys and mountains. It affects the distribution of plants and animals, and the way species interact with one another in their environment, which together form our ecosystems. Changes in our climate are affecting our marine, freshwater and land environments. 
Our oceans are warming, rising and becoming more acidic (see Our marine environment 2022 and Indicators: Ocean acidification and Coastal sea-level rise). Sea surface temperature increased between 0.1 degrees Celsius and 0.2 degrees Celsius per decade across our four oceanic regions between 1981 and 2018 (see Indicator: Sea surface temperature). 
Annual mean coastal sea levels rose faster (relative to land) between 1961 and 2020 than between 1901 and 1960 at all four longer term monitoring sites around Aotearoa (see Indicator: Coastal sea-level rise and Our marine environment 2022).
Our glaciers are melting. Their volume has decreased by 35 percent and the rate of annual loss increased between 1978 and 2020 (see Indicator: Annual glacier ice volumes). 
Between 1969 and 2019, winter streamflow increased in the western South Island and significantly decreased in the northern North Island; summer streamflow has significantly decreased for most of the North Island. These changes may be influenced by both natural climate variations and anthropogenic climate change (Queen et al, 2023).
Climate change exacerbates some land degradation processes, such as landslides and erosion, which increases sediment reaching downstream, including coastal and marine environments (Neverman et al, 2023; Smith et al, 2023).
Changes in our climate are causing shifts in the habitat ranges of species and ecosystem structures
Rising sea surface temperatures can reduce the abundance of marine food or seabirds’ ability to access it. Population declines in seabirds have been attributed to this, such as tarāpunga (red-billed gulls), hoiho (yellow-eyed penguins) and kororā (blue penguin) (Mills et al, 2008; Salinger et al, 2023).
Changing ocean currents and rising sea levels have led to a loss of nesting sites for various shorebirds, and declining populations of tītī (sooty shearwater or muttonbird) have been observed (Keegan et al, 2022). The quality and health of tītī were noticed to decline substantially in cycles aligned with the El Niño Southern Oscillation (McKechnie et al, 2020; Scott et al, 2008). 
Ocean acidification is changing calcification rates, making it difficult for species such as molluscs, crustaceans and corals to grow and maintain their calcium-based shells and skeletons (Anderson et al, 2022; Law et al, 2018).
Habitat shift can occur across the wider environment (McGlone & Walker, 2011; Salinger et al, 2019). For example, some stream invertebrate communities are shifting their range towards higher latitudes, in response to climate and environmental changes (Mouton et al, 2020, 2022).
Some species, already threatened with extinction, are highly vulnerable to climate change, including īnanga (whitebait) and kākahi (freshwater mussel) (Egan et al, 2020).
Thermal squeeze is a particular risk for species with limited ability to move into new areas such as kiwi, whio (blue duck) and North Island kōkako (Walker et al, 2019).
Warmer soil poses a problem for some species, including tuatara, which leads to an increase of male offspring, potentially leading to population decline as reproductive output decreases (Mitchell et al, 2006).
Range expansion of invasive species can put additional pressure on native biodiversity. Rats and mice advance to higher altitudes in mountain areas and prey on species previously out of their reach like pīwauwau (rock wren) (Willkinson & Parsons, 2020).
Impacts of climate change are cascading through ecosystems and compounding other threats such as invasive species and human disturbances
Heat extremes can lead to mass mortality and local extinction, favouring the spread of invasive species. The 2017–18 marine heatwave led to significant loss of rimurapa (bull kelp, Durvillaea). At locations where the kelp was completely lost, an invasive, non‑native kelp took its place. This coincided with a dramatic decrease in kākahi (Awatere et al, 2021; Thomsen et al, 2019). 
Warmer sea temperatures and ocean acidification can intensify kina (sea urchins) overpopulation by affecting the lifecycle, reproduction and recruitment of kina predators, such as kōura (freshwater crayfish) and tāmure (snapper), which are already in decline from overfishing and other human activities (Gee, 2021; Heeringa, 2021).
Changes in the timing of seasonal events can have large ramifications for the health of ecosystems. The frequency of natural events, such as masting (the intermittent and synchronous production of large seed crops) in forest and alpine environments, has been linked to changes in temperature (Barron et al, 2016; Kelly et al, 2013; Monks et al, 2016). Beech mast can lead to an outbreak of pests, such as rats, mice and stoats, which poses an increased threat to native forest birds and long-tailed bats (King, 1983; O’Donnell et al, 2017). 
Shifts in the timing and severity of frosts, along with a reduction in snowfall, can disrupt plant–insect pollinator interactions, affecting plant species and ecosystem functions (McGlone & Walker, 2011; Renwick et al, 2016). For example, warm temperatures and drought promote excessive honeydew production in mountain beech and kāmahi forests, which can lead to increases in platypus beetle and subsequent damage to mature trees that can transform forest structure (Awatere et al, 2021; Wardle, 1984).
Droughts can threaten the survival of iconic species such as the critically threatened kōwaro (Canterbury mudfish) (Meijer et al, 2019) and our endemic kiwi, which find it difficult to extract food from hardened soils (Boffa Miskell, 2020). Droughts can also influence carbon cycling (Macinnis-Ng & Schwendenmann, 2015) and cause the death of trees in all types of forest (Wyse et al, 2013, 2018). 
Shifts in the timing of seasons can affect the life cycle of invasive species, leading to impacts on native species. Climate warming causes a change in flowering time of an invasive plant (heather, Calluna vulgaris) in alpine areas, causing an increased overlap with a native species (monoao, Dracophyllum subulatum). This increases competition for pollinators and causes a decline in reproductive output of the native species, potentially leading to its decline (Giejsztowt et al, 2020).
Habitat loss and climate change interact to exacerbate population declines. For example, brown mudfish (Neochanna apoda) live in tip-up pools created when large trees fall, however, the combined impacts of reduced numbers of large trees due to logging and reduction in water availability due to droughts can cause population decline (Macinnis-Ng et al, 2021).
Extreme weather events have direct and damaging impacts on our ecosystems, as well as people
The concurrent air–marine heatwaves in 2017–18 and 2021–22 caused migrations of northern warm-water fishes, early harvest of summer fruit, unprecedented levels of bleaching and necrosis of Aotearoa sponges, mass mortality of kororā in the Bay of Plenty and widespread loss of large habitat-forming intertidal southern rimurapa (Bell et al, 2023; Salinger et al, 2019, 2020, 2023; Thomsen et al, 2019; Thomsen & South, 2019). Aquaculture in the Marlborough Sounds was also affected, with a record number of salmon deaths due to warmer sea temperatures. 
Flooding in 2009 reduced a population of the nationally vulnerable scree skinks in the Canterbury high country by 84 percent. It took about eight years for the population to recover naturally (Lettink & Monks, 2019). Floods have also been shown to affect breeding sites of īnanga and bird nesting habitats in braided rivers (Goodman, 2018; Keegan et al, 2022). Floods are also causing a range of problems from erosion and landslides in hill country to further sedimentation of waterways in coastal plains (Neverman et al, 2023; Smith et al, 2023). 
Tara iti (fairy tern) is at risk of losing its breeding habitat to storm surges, because washouts already occur during storm events (DOC, nd). Strong wind and stormy weather events in 2018 wiped out an entire breeding season of kororā on Otata Island (Forest and Bird, 2018). Storms also increase the turbidity of coastal waters, posing challenges for visual foragers like penguins, gannets and shags (Crockett & Kearns, 1975; Powlesland, 1984 as cited in Whitehead et al, 2019).
Most terrestrial ecosystems in Aotearoa are not adapted to fire (Kitzberger et al, 2016; Tepley et al, 2018). Recovery from fire events is slow and fires can disrupt the natural succession of ecosystems and favour non-native species over native ones. Furthermore, non-native species are often more flammable, increasing potential fire frequency and intensity (Case et al, 2023a; Perry et al, 2014; Richardson et al, 2018). 
Aotearoa forests are an important resource and a foundation of Māori identity (Waitangi Tribunal, 2011). Wildfire is a growing risk to Aotearoa forests, already under pressure from human disturbances and pests and diseases, such as kauri dieback and myrtle rust (Lambert et al, 2018).
The wetlands remaining in Aotearoa, around 10 percent of pre-human extent (Dymond et al, 2021), are becoming more susceptible to fire under climate change, further endangering unique ecosystems (Scion, 2022).
Mahinga kai is affected by our changing climate 
The concept of mahinga kai runs much deeper than a ‘food gathering place’. Mahinga kai connects tangata with whenua (people with land), is intergenerational, and is a holistic and integrated value. It extends beyond food resources to encompass the use of many natural resources, including stones and trees used for fire making, tools, pounamu (greenstone), hāngī (earth oven) stones, mud used for dyes, rongoā and flaxes for weaving (Ruru et al, 2022).
Mahinga kai remains one of the cornerstones of Māori existence and culture. Changes to our marine, terrestrial and freshwater environments due to climate change can have direct implications on the ability to carry out mahinga kai practices, affecting the transmission of mātauranga Māori and highlighting the importance of safeguarding the embedded knowledge within these practices (Awatere et al, 2021; Glavinovic, 2022; Harmsworth & Awatere, 2013; Phillips et al, 2016).
Mātauranga Māori, as it applies to mahinga kai, is often in depth and localised, meaning Indigenous peoples have been able to put in context the effect of climate change at the local scale (Nursey-Bray et al, 2022). 
Mātauranga Māori has a past, present and future, and this knowledge is used and adapted to suit contemporary challenges such as climate change (Lambert & Mark-Shadbolt, 2021; Mead, 2022). 
Changes in local climate affects the transmission of mātauranga Māori and associated practices 
The changing climate requires knowledge adaptation to happen faster and so is expected to affect mātauranga Māori. This can affect, and even sever, the connection to certain taonga species in climate-driven environmental contexts (Awatere et al, 2021; Bond et al, 2019; King et al, 2010; Paul et al, 2016; Penny et al, 2007a, 2007b; Warmenhoven et al, 2014).
Climate-related impacts, such as severe weather events, can cause the loss of many Māori sites of signiﬁcance, which affects the mātauranga Māori associated to them (King et al, 2007). The names of these sites are important records of the past, some of which indicate risk and environmental change. 
Coastal erosion is a particularly serious threat to sites of significance because it permanently removes sites, erasing all contextual information important for archaeological preservation and investigation. Spatial mapping of sites in at-risk areas indicates locations of regional sensitivity in the North Island around Taranaki, Auckland, Coromandel and northern Hawke’s Bay, and in the South Island around Tasman and parts of Otago and Canterbury (Jones et al, 2023). 
Changes in local climates are causing tohu (environmental indicators) to change. This affects planting, daily decision-making, and activities like resource gathering and hunting (Skipper, 2018). However, understanding and monitoring tohu as they change over time can help to manage and adapt activities sensitive to climate conditions (King et al, 2005). 
Maintaining and rebuilding connections to customary harvesting of food (kai) reconnects people with whenua (land), repo (wetlands) and other ecosystems and supports the transmission of knowledge to future generations (Herse et al, 2021; Waitangi Tribunal, 2011). 
The changing seasons means the environmental signs are changing at a faster rate, which may affect the environmental observations of the maramataka. Mātauranga Māori, such as the maramataka (see Te ao Māori, whakapapa and our connection to atmosphere and climate), enable Māori and Pacific relatives to attune to the movements of the environment and ensure activities essential for survival and wellbeing are conducted at the optimal times (Warbrick et al, 2023).
Māori communities are not passive victims of climate change and have a legacy of adaptation over centuries. Mātauranga Māori and other processes are being used to help adapt to climate change (Parsons, 2019 as cited in Nursey-Bray et al, 2022) through proven and sustainable methods. These are based on mātauranga Māori methods and values such as active kaitiakitanga (guardianship) (Benson et al, 2020).
A changing climate affects the ability for Māori to exercise kaitiakitanga and rangatiratanga 
Being able to exercise kaitiakitanga is both an expression and affirmation of rangatiratanga (chieftainship) (Jackson et al, 2017). Without rangatiratanga and the ability to lead on their own environmental matters at place through te ao Māori values, concepts and practices, it would be difficult if not impossible to practise kaitiakitanga (Blair, 2002 as cited in McAllister et al, 2023; Selby et al, 2010).
The duty and practices to care for te taiao (the environment) are derived from whakapapa (genealogy) and governed by tikanga (customs and protocols), to maintain healthy mauri for current and future generations (see Te ao Māori, whakapapa, and our connection to atmosphere and climate for a definition of mauri) (Makey et al, 2022). 
Indigenous communities are often challenged with histories that complicate their climate change adaptation planning with authorities, such as land alienation and access (Mannakkara et al, 2023; Mead, 2003, p 130). These vulnerabilities are affecting Māori who now live in or near vulnerable locations. 
A changing climate is not new for Māori (Parsons, 2019 as cited in Nursey-Bray et al, 2022). Māori have always been scientists through navigating expansive oceans, applying a detailed regionally speciﬁc division of time, and being immersed with the natural rhythms of the environment (Whaanga et al, 2020).
Māori approaches to wellbeing, are holistic, grounded in the mātauranga Māori, language and tikanga of distinct hapū and whānau. Māori adaptation plans form the basis of Māori resilience and are a potential significant means of Māori-led action on climate change (Awatere et al, 2022). 
The primary sector is particularly vulnerable to extreme weather and climate change
Many sectors of our economy rely on natural resources such as water, which depends heavily on rainfall and temperature (Ausseil et al, 2019; MPI, 2021). This includes the agricultural sector, which is particularly vulnerable to the extremes of high and low rainfall and often located on fertile flood plains, making it one of the highest risk sectors in relation to climate change (Arent et al, 2014; Case et al, 2023b; Craig et al, 2021).
The two major drought events of 2007–08 and 2012–13 have been estimated to have incurred $4.8 billion in costs, including indirect losses, with human influence on climate change accounting for an estimated 15 percent to 20 percent of these costs, about $800 million (Frame et al, 2018, 2020).
Droughts reduce the availability of water for agricultural production, which can negatively affect the overall economy, along with households, through reduced employment and income (Bell et al, 2021; Nguyen et al, 2022).
Flooding events have affected dairy farms across Aotearoa, including in the lower South Island in February 2020, where farm land and infrastructure was damaged and revenue lost where milk tanker access was not possible (Griffin et al, 2023; Paulik et al, 2021).
Our changing climate is already affecting the suitability of regions for producing different grape varieties (Ausseil et al, 2021). Ripening and harvest dates are advancing with increased temperatures (Salinger et al, 2019, 2020).
The Māori economy is particularly vulnerable to climate change because Māori own a large share of assets in the primary sector: 50 percent of the fishing quota, 40 percent of forestry, 30 percent of lamb production, 30 percent of sheep and beef production, 10 percent of dairy production and 10 percent of kiwifruit production (MFAT, 2019).
Forestry plantations are particularly vulnerable to extreme weather events such as storms, droughts and wildfires (Villamor et al, 2023; Watt et al, 2019).
The decreasing volumes of ice in our glaciers affects tourism, with challenges such as alpine access and tourist safety (Purdie et al, 2020; Wang & Zhou, 2019). However, the rapidly expanding lake at the Tasman Glacier enables visitors to take boat tours to get close to the calving ice at the glacier edge, with shorter winter freezing allowing a longer tourist season (Carver & Tweed, 2021; Purdie et al, 2020).
Our infrastructure is vulnerable to climate change and extreme weather, causing significant economic and social disruption
Around 750,000 people and 500,000 buildings, worth more than $145 billion, are near rivers and in coastal areas already exposed to extreme flooding in Aotearoa (MfE, 2023b).
Culturally important sites and infrastructure, such as marae, urupā (burial grounds) and kainga (settlements), are vulnerable to damage from flooding, erosion and extreme weather (Awatere et al, 2021). Around Aotearoa, 191 marae are within 1km of the coast, and, in the Bay of Plenty alone, 41 urupā are within 1km (Bailey-Winiata, 2021).
Infrastructure in low-lying and coastal communities is particularly vulnerable to climate change, including stormwater and wastewater networks, which are often located together underground (Kool et al, 2020; PCE, 2015). Impacts of climate change on wastewater networks vary between different locations and communities, but include spills, odour and worsened water quality from uncontrolled discharge and infrastructure damage (Hughes et al, 2021).
Cyclone Gabrielle is an example of extreme weather that damaged fragile infrastructure, including water, transport, power and communication (Ministerial Inquiry into Land Use in Tairāwhiti and Wairoa, 2023). The wastewater treatment plant in Napier was seriously damaged and unable to operate, meaning untreated sewage was released into the sea (Jones et al, 2023).
Immediate costs from extreme weather events can be significant, with Cyclone Gabrielle and the Auckland floods estimated damages to be between $9 billion and $14.5 billion (New Zealand Treasury, 2023a).
Extreme weather events can also cause much economic and social disruption. They can damage homes, infrastructure, crops, and disrupt access to healthcare and essential supplies such as drinking water (Grout et al, 2022; Jones et al, 2023). These have long‑term health and wellbeing implications for individuals and entire communities (Jones et al 2023). 
A high degree of social connectedness can help offset socioeconomic vulnerability to some extent by increasing adaptive capacity. This is because social capital, in the form of networks, neighbourhood cohesion and trust, can enable community members to act towards shared objectives and help each other overcome hurdles (Bixler et al, 2021). 
Some diseases, illness and mental health problems are related to extreme weather events and climate change 
Extreme weather events can affect public health by causing disease outbreaks and toxic chemical contamination (Grout et al, 2022). Increases in waterborne diseases due to flooding can cause food insecurity and risks to health (Royal Society Te Apārangi, 2017). 
Extreme climate events have been associated with elevated levels of anxiety, depression and post-traumatic stress disorder. Increased frequency of extreme events can lead to exhaustion and emotional tolls on individuals and communities (Ministerial Inquiry into Land Use in Tairāwhiti and Wairoa, 2023). 
Higher temperatures and heat waves can cause illness and death, can worsen chronic health conditions (EHINZ, 2022; Royal Society Te Apārangi, 2017), have been associated with an increased incidence of assaults (Stevens et al, 2019), and are risks for those who work outdoors (Brown & Bryder, 2023; Royal Society Te Apārangi, 2017).
Climate change contributes to food insecurity affecting health and wellbeing. Foods related to mahinga kai practices sustain more than physical health, so communities have to adapt food systems as part of a reciprocal relationship (Wehi et al, 2023).
Climate change impacts are not distributed equally, exacerbating existing socioeconomic and ethnic health inequalities. Some communities, including some Māori, are more vulnerable due to geographical location, age, disability, employment, housing and other socioeconomic factors (Crengle et al, 2022; Gamble et al, 2016; Royal Society Te Apārangi, 2017; Smith et al, 2014).
Climate anxiety, including feelings of hopelessness and frustration, particularly affects some groups. Young people face an uncertain future, and Pacific communities have connections to small island countries susceptible to climate-induced displacement (Burkett, 2011; Fritze et al, 2008). 
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Mō ngā uri whakatipu 
For future generations
In this section, for the first time in reporting, we have used structured analytical techniques to produce assessments about the outlook for our climate and atmosphere based on international and domestic evidence. This represents an important shift in our approach to environmental reporting. The shift is away from a focus on what has happened towards the inclusion of assessments about what may happen in future, to improve public awareness of issues and decision-making.
The future will always be uncertain. For this reason, the assessments in this section should not be read as statements of fact but as assessments of what may occur based on what we know now. To support this, we have used expressions of likelihood and confidence to help in interpretation. This ensures we can make assessments about current and emerging issues even when our confidence in them may be low due to the limitations of the evidence base. Expressions of likelihood are underlined in the text. Footnotes at the base of each page provide the associated quantitative values. Expressions of confidence, which give an indication of the reliability and level of corroboration of evidence used in an assessment, are presented in brackets at the end of each assessment (see appendix B, for further explanation).
Those familiar with the Intergovernmental Panel on Climate Change (IPCC) approach to climate outlooks will notice the expressions of likelihood and confidence in this section (while similar) represent a departure from that framework. The approach taken here recognises the need for Aotearoa New Zealand’s environmental reporting programme to align its outlooks assessment language with that used by other government departments, to support effective cross-agency decision-making. It also acknowledges the need for an assessment approach that can be applied across all environmental domains and knowledge systems, including mātauranga Māori (Māori knowledge). Importantly, the evidence and analysis produced by the international community and IPCC on climate change, along with other domestic evidence and knowledge, has been incorporated into the assessments contained here.
To support the development of assessments contained in this section, assumptions were required to be made about the future across a spectrum of issues. To ensure alignment with the international scientific community, the assumptions contained in the Shared Socioeconomic Pathway 2 (SSP2-4.5) were used, because they represent an intermediate pathway consistent with historic patterns of behaviour (Riahi et al, 2017). The scenario narrative and assumptions for SSP2-4.5 are that:
the world follows a path in which social, economic and technological trends do not shift markedly from historical patterns 
development and income growth proceed unevenly, with some countries making relatively good progress while others fall short of expectations 
global and national institutions work toward but make slow progress in achieving sustainable development goals
environmental systems experience degradation, although improvements occur and, overall, the intensity of resource and energy use declines 
global population growth is moderate and levels off in the second half of the century 
income inequality persists or improves only slowly and challenges to reducing vulnerability to societal and environmental changes remain.
The evidence in this section shows we have already had a profound impact on our climate, and the underlying drivers behind these changes are not evolving at the rate required to meet Paris Agreement targets. This means we should expect these impacts to become more significant and observable over time. In some contexts, impacts might present as slow and weak background signals that we do not notice in our day-to-day lives until they manifest in a significant event, such as species extinction. In other contexts, such as severe weather, impacts may be abrupt, severe and short-lived but profoundly affect our safety, security and economic wellbeing. Lowering global greenhouse gas emissions is the most effective way of reducing these risks. 
The current global emissions rate means it is highly likely[footnoteRef:4] we will not meet the Paris Agreement long-term goals of limiting global temperature increase during the 21st century to well below 2 degrees Celsius above pre-industrial levels. It is also highly likely we will exceed the aspirational goal of limiting global warming to 1.5 degrees Celsius by 2040 (moderate confidence) [4:  	The likelihood of this occurring is between 75 percent and 85 percent. ] 

The IPCC Sixth Assessment Report (AR6), Summary for Policymakers states that policies implemented by the end of 2020 are projected to result in higher global greenhouse gas emissions in 2030 than emissions implied by Nationally Determined Contributions (NDCs) (IPCC, 2023). 
The IPCC AR6 estimates that following current trajectories for greenhouse gas emissions will result in a best outcome of temperature increase ranging from 2.1 degrees Celsius to 3.5 degrees Celsius by 2100. Major reductions in global greenhouse gas emissions would be required to meet current temperature targets (Armstrong McKay et al, 2022; IPCC, 2023). 
The average global surface temperature between 2011 and 2020 was 1.09 degrees higher than between 1850 and 1900 (IPCC, 2023). Current trajectories will result in a best outcome of average temperatures ranging from 1.2 degrees Celsius to 1.8 degrees Celsius by 2040 (IPCC, 2023).
Increasing global temperatures increase the chance of triggering climate tipping points, at which time some large-scale environmental changes will become irreversible (Armstrong McKay et al, 2022; Wang et al, 2023). 
Aotearoa New Zealand’s short to medium term anthropogenic gross greenhouse gas emissions are likely[footnoteRef:5] to decline (moderate confidence) [5:  	The likelihood of this occurring is between 55 percent and 70 percent.] 

Based on Aotearoa New Zealand’s existing policies and measures, our gross emissions are projected to steadily decrease by 27.6 percent between 2020 and 2050 (MfE, 2022). 
Projected emissions reductions across all sectors are driving the projected decrease in gross emissions (Bodeker et al, 2022).
The land use, land-use change and forestry sector offset around 30 percent of gross emissions in 2022, and this is projected to continue out to 2050 (New Zealand Treasury, 2023b). 
It is highly likely[footnoteRef:6] Aotearoa will experience increased temperatures in the short to medium term, out to 2050 (high confidence) [6:  	The likelihood of this occurring is between 75 percent and 85 percent.] 

How changes in climate may vary across the country in the future is uncertain. This uncertainty is increased by patterns of natural variability, such as the El Niño Southern Oscillation, Southern Annular Mode and mid-latitude jet stream, which have a strong influence over Aotearoa New Zealand’s climate (Bodeker et al, 2022; IPCC, 2021).
Aotearoa will warm at a slightly slower rate than the global average because of the influence of the ocean on our regional climate, but we will experience increased average air temperature over land and sea across the course of the century. The level of warming depends on global emissions pathways (Bodeker et al, 2022).
Compared with recent decades (1995–2014), an increase in average air temperature over land and sea, in the range of +1 (0.60 to 1.32) degrees Celsius or higher +1.3 (0.91 to 1.66) degrees Celsius, is expected by mid-century if current emissions pathways continue (Bodeker et al, 2022).
Summers are projected to have a more pronounced warming than springs and autumns, and some regions will experience greater warming than others (Bodeker et al, 2022).
It is highly likely[footnoteRef:7] Aotearoa will experience changing rainfall patterns in the short to medium term, out to 2050 (moderate confidence) [7:  	The likelihood of this occurring is between 75 percent and 85 percent.] 

Rainfall is projected to increase in the west and south of Aotearoa (Bodeker et al, 2022; Shu et al, 2021). 
Winter and spring rainfall is projected to follow the annual increase in the west and south, but with less rainfall in the east and north (Bodeker et al, 2022).
More summer rainfall is expected in the east of both islands, with less rainfall in the west and central North Island (Bodeker et al, 2022).
It is highly likely[footnoteRef:8] extreme weather events will become increasingly frequent and severe (high confidence) [8: 	The likelihood of this occurring is between 75 percent and 85 percent.] 

While significant knowledge gaps exist regarding projections for extreme heat, research indicates Aotearoa will follow the global trend of extreme heat events increasing in frequency, duration and intensity (Harrington & Frame, 2022; Thomas et al, 2023). 
The frequency of tropical cyclones is projected to decrease slightly over the South Pacific basin, with a predicted increase in severity (Bodeker et al, 2022, Chand et al, 2022). Tropical cyclone activity in the southern hemisphere is expected to decrease overall (Roberts et al, 2020).
Drought intensity is projected to markedly increase with the rise in greenhouse gas emissions. The most significant increases in drought intensity are predicted to be in the northern and north-eastern regions of the North Island (Bodeker et al, 2022).
Atmospheric rivers near Aotearoa are projected to continue to get bigger and carry more moisture, which, upon landfall, can result in highly destructive precipitation (Espinoza et al, 2018; Payne et al, 2020; Shu et al, 2021). 
River flooding is projected to increase across the country (Bodeker et al, 2022). 
Extreme wind speed over the South Island and the southern part of the North Island is predicted to increase by mid-century, along with wind patterns becoming more north-easterly in summer, with westerlies becoming more intense in winter. These predictions are made with low confidence (Bodeker et al, 2022). 
The frequency of coastal overtopping and inundation due to storm surge and wave run‑up will increase as sea levels rise. The potential for more frequent coastal flooding will increase as ground water table elevations change in response to sea-level rise. These effects will be highly variable at a local scale due to complicating factors including vertical land movement, sediment supply and landform resilience (Jones & Bickler, 2022; MfE 2017).
It is almost certain[footnoteRef:9] that changes in our atmosphere and climate will have significant and enduring effects on all other environmental domains (high confidence) [9:  	The likelihood of this occurring is greater than 90 percent.] 

Average sea surface temperatures around Aotearoa are warming at a faster rate than the global average (0.22 degrees Celsius per decade, compared with 0.16 degrees Celsius) and will continue to increase under current trajectories (Bodeker et al, 2022; IPCC, 2021; Law et al, 2018b; Sutton & Bowen, 2019).
Marine heatwaves are projected to increase in frequency and severity. Heatwave conditions are forecast to become permanent by the end of the century under current conditions (Behrens et al, 2022; Bodeker et al, 2022).
Global mean sea level has increased by an average of 1.5mm a year since 1900, due to ocean warming, and is predicted to rise by another 30cm by 2100 (Frederikse et al, 2020). Sea level around Aotearoa will rise by 5 percent to 10 percent more than the global average, due to local glacial isostatic adjustment. Local land subsidence or uplift will also have a significant effect on the rate and amount of sea-level change at a local scale (Ackerley et al, 2013; Kopp et al, 2014).
Coastal areas are expected to experience worsening effects of more frequent and extreme flooding, caused by the compounding impacts of sea-level rise (Collins et al, 2013).
Changes to ice melt around Antarctica are reducing the concentration of oxygen in the ocean. Estimates show that, with anthropogenic warming, global ocean oxygenation will decline by 1 percent to 7 percent in the next 100 years (Gunn et al, 2023; IPCC, 2021). 
Uptake of atmospheric carbon dioxide has decreased sea surface pH by 0.1 units since pre-industrial times. Sea surface pH will continue to decrease if the current rate of fossil fuel burning persists (Calderia & Wickett 2003; Hartin et al, 2015; Law et al, 2018a).
Modelling shows increases in mean annual river flow along the west and south of the South Island and decreases in the north and east of the North Island by the end of the century (Collins, 2020).
Regional snowlines are expected to continue to retreat to higher altitudes across Aotearoa. Snowlines in the Southern Alps could be displaced by an elevation of 200m higher in the next 20 years (Lorrey et al, 2022).
Increase in total precipitation has been identified as a factor in the increased probability of landslides and rockslides occurring (Bodeker et al, 2022). Statistical modelling of landslide inventory and rainfall data has found that landslides in response to storm rainfall are anticipated to become more common with climate change (Smith et al, 2023).
By the end of the century, some North Island soft-rock hill country catchments and a marginal number of South Island soft-rock hill country catchments (less than 1 percent to 28 percent and less than 1 percent to 8 percent, respectively) may experience increases of over 100 percent in sediment yield (Neverman et al, 2023).
Wetlands in coastal areas are vulnerable to climate change impacts including rising sea levels, storm surges, coastal erosion, fire, and territorial and marine heatwaves. Our wetlands may release a large amount of their stored carbon if disturbed, which will amplify carbon emissions and global temperature rise (Lovelock et al, 2017; Ross et al, 2023). 
It is almost certain[footnoteRef:10] climate change will continue to increase risk to Aotearoa New Zealand’s native and endemic species (high confidence)  [10: 	The likelihood of this occurring is greater than 90 percent.] 

Native forest in Aotearoa is expected to change in distribution and composition, based on projected climate changes. Native tree species, such as tōtara and rimu, have shown some level of resilience to habitat changes and warmer temperatures (McGlone & Walker, 2011; Ryan, 2017).
Climate change affects high-elevation species at a faster rate than other terrestrial habitats. Projections show a mean annual temperature increase of 3 degrees Celsius would result in the loss of 80 percent of the discrete alpine areas in Aotearoa, and extinction of between 200 and 300 species of indigenous vascular plants (up to half the alpine total) (Halloy & Mark, 2003).
Rising temperatures will have increasingly negative effects on the habitats and range of native cold-adapted freshwater species. Increased temperatures allow cyanobacteria to take advantage of nutrient over-enrichment (eutrophication), which affects the underwater ecosystems needed for biodiversity (Boddy & McIntosh, 2017; Paerl & Huisman, 2008, 2009; Puddick et al, 2022; Wells et al, 2015).
Ocean acidification will continue to directly affect marine organisms that build calcium carbonate shells. Habitat-forming marine organisms, such as oysters, bryozoans and deep‑water corals, are likely to be particularly affected, though uncertainty remains due to spatial and seasonal variability in pH (Hartin et al, 2015; Law et al, 2018a).
Sea-level rise puts native coastal ecosystems at risk of ‘coastal squeeze’ where habitats can be restricted by inundation from the sea. The effects of inundation will reduce nesting sites for shorebirds, habitat for wading birds, and further reduce suitable spawning sites for native freshwater fish (Rullens et al, 2022).
Climate stress is likely to increase host vulnerability to pathogen infection (Wakelin et al, 2018) and ranges of plant pathogens will expand, for example, myrtle rust (Beresford et al, 2018).
It is almost certain[footnoteRef:11] climate change will continue to weaken ecological resilience to invasive species already present in the country (moderate confidence) [11: 	The likelihood of this occurring is greater than 90 percent.] 

Climate change will continue to trigger modifications to habitats across marine, terrestrial and freshwater ecosystems from shifting rainfall patterns, increasing temperature and extreme events, exacerbating vulnerabilities of native flora and fauna to invasive species. (Keegan et al, 2022; Macinnis-Ng et al, 2021).
A warmer climate will expand habitable ranges of some existing pests and diseases, including possums and rats (Monks, 2022). These geographic range and distribution shifts will create competition between native and invasive species for habitat (Macinnis‑Ng et al, 2021).
Invasive plants and mammals, along with more frequent fire weather in some areas, will increase fire frequency and severity (Wyse et al, 2018). Native species may have limited adaptations for recovery after fire, which results in competitive advantage in fire‑prone areas for invasive species, reducing the biodiversity values of these systems (Perry et al, 2014).
It is almost certain[footnoteRef:12] climate change will create more favourable conditions for new or novel pests being introduced and becoming established (high confidence) [12: 	The likelihood of this occurring is greater than 90 percent.] 

The northern districts of the North Island are projected to become more suitable for sub‑tropical pest species, including those that pose threats to the primary sectors (Keegan et al, 2022).
As temperatures increase and winters become milder, some pests that are currently temporarily established could become more permanent features of our landscape, although the establishment of some species could be limited by aspects of their lifecycle (such as requiring specific habitats for breeding) (Kean et al, 2015). 
A southward expansion of the habitable ranges of pests currently limited by winter cold is likely (Qin, 2019; Watt et al, 2019). 
It is highly likely [footnoteRef:13] the indirect effects of climate change will become increasingly damaging to Aotearoa New Zealand’s flora and fauna (moderate confidence) [13: 	The likelihood of this occurring is between 75 percent and 85 percent.] 

Ecosystems are increasingly at risk from the indirect impacts of climate change. Indirect impacts manifest by interacting with other drivers of global change or by altering ecological processes such as predation, parasitism and pollination (Jaureguiberry et al, 2022; Ling, 2008; Macinnis-Ng et al, 2021; Pecl et al, 2017; Tylianakis et al, 2008). 
Warmer air temperatures may increase competition for pollination between native and invasive plants because of increased overlap in the timing of their flowering (Giejsztowt et al, 2020), potentially disrupting plant-pollinator networks and affecting broader ecosystems (Ruiz et al, 2019). 
Rising sea surface temperatures may reduce the abundance of marine food or impede seabirds’ capacity to access it, most likely due to complex food-web responses that are expected to occur more frequently in the future (Keegan et al 2022, Macinnis-Ng et al, 2021).
Changes in drought frequency and severity affect forest tree recruitment, disease susceptibility, and mortality (Macinnis-Ng et al, 2021), favouring drought-tolerant species. This has flow-on effects for the biodiversity that forests and other vegetation types support (Batlori et al, 2020).
Increased groundwater extraction for irrigation during droughts cause declines in groundwater dependent ecosystems including wetlands, springs and trees that access groundwater for their water needs (Eamus et al, 2015). This can result in plant water stress, crown dieback and eventual death of trees (Cooper et al, 2003; Eamus et al, 2015) and a wide range of impacts on spring and wetland ecosystems (Stevens et al, 2022). 
Although there are few cases of well documented indirect climate-change impacts in Aotearoa it is unclear if this is due to a paucity of data, the complexity of responses, or a lack of measurable effects (Macinnis-Ng et al, 2021). 
It is highly likely[footnoteRef:14] reduced or restricted access to taonga species as a result of climate change will have an enduring effect on kaupapa and tikanga Māori (moderate confidence) [14:  	The likelihood of this occurring is between 75 percent and 85 percent.] 

Changing climatic conditions alter the occurrence and timing of traditional and seasonal tohu (environmental indicators) that forecast the onset of critical periods for many Māori practices (Matamua, 2017; Warbrick et al, 2023). The maramataka is one well-known example that will need to adapt to changing tohu, to continue to guide recreation as well as daily and seasonal activities, providing an opportunity to enact active kaitiakitanga (guardianship) over the local environment (see Te ao Māori, whakapapa and our connection to atmosphere and climate for a definition of the maramataka) (Kenney et al, 2023).
It is expected any obstruction to accessing taonga (treasured) species may adversely affect the ability of whānau to manaaki (or host) visitors with customary resources and affect Māori customary practice, cultural identity and wellbeing (Awatere et al, 2021; Jones et al, 2014; Warmenhoven et al, 2014).
Projected incremental and abrupt changes in climate this century are expected to exacerbate many of the risks facing different culturally important flora and fauna, and, in some cases, vulnerable taonga species may face extinction (Awatere et al, 2021; Egan et al, 2020; Reisinger et al, 2014; Renwick et al, 2016).
Loss of taonga species will have a cascading effect on the transfer of customary practices and knowledge for future generations. It will also add to existing social and political risks for the maintenance and transfer of traditional skills, expertise and values relating to mahinga kai (traditional food gathering practices) (Awatere et al, 2021). 
It is highly likely[footnoteRef:15] climate-related impacts will result in the displacement of Māori living in locations vulnerable to climate change, which could disrupt the transmission of location-specific mātauranga Māori and tikanga practices (moderate confidence) [15: 	The likelihood of this occurring is between 75 percent and 85 percent.] 

Māori culture and whakapapa (genealogy) are positioned geographically and will be affected by the impacts of climate change (Hakopa, 2011). 
Te ao Māori beliefs hold that all aspects of life are interrelated and interconnected, and the effect of a changing climate is expected to fundamentally alter the way many Māori interact with their environment, each other, and other communities (Awatere et al, 2021).
Climate impacts, such as sea-level rise, will displace Māori from tūrangawaewae (a place to stand, where one has the right to stand), which will disrupt the geographic transmission of te reo Māori and tikanga (customs and protocols) (Awatere et al, 2021).
As iwi, whānau and hapū need to relocate from their tūrangawaewae, opportunities to enact kaitiakitanga and actively manage resources and important sites will diminish (Awatere et al, 2021; Wehi et al, 2023). 
To maintain intergenerational mātauranga (knowledge) and tikanga practices, many Māori will have to adapt and plan the relocation of marae or culturally significant sites such as urupā (burial grounds) (Awatere et al, 2021). 
Climate change is likely to have both direct and indirect effects on the coordination of, and participation in, cultural arrangements such as tangihanga (funeral). It is highly likely that marae or coordinators will be burdened with mitigating risks when planning and managing such important ceremonies (Awatere et al, 2021).
It is almost certain[footnoteRef:16] climate change and repeated severe weather events will exacerbate risks to already vulnerable sectors of the economy (high confidence) [16: 	The likelihood of this occurring is greater than 90 percent.] 

The economic and fiscal impacts of climate change are expected to be extensive and unevenly felt, because some industries and sectors are more exposed than others, such as agriculture, forestry, fisheries, tourism, and energy and transport networks (New Zealand Treasury, 2023b).
Increasing risks to the economy from both the physical impacts of climate change as well as transition risks have flow-on effects for the overall soundness of the financial system as a whole. Some impacts, such as more extreme weather events, are largely baked in for the next few decades. These impacts may also contribute to higher net core Crown debt (Reserve Bank of New Zealand, 2021).
Important horticultural crops, such as apples, kiwifruit and grapes, are anticipated to have positive responses to the changing climate, with no compromised yield, fruit size or quality. Although, other factors that affect horticultural crops could pose increasing risks with climate change, such as water availability, pollination, pest and diseases, and extreme weather (Clothier et al, 2012; MPI, nd).
Flowering and ripening of grapes is predicted to become earlier overall by mid-century, and further by the end of the century (Ausseil et al, 2021).
It is almost certain dairy farming will be at increased risk from extreme weather events, with increased drought frequency, and a projected increased intensity of floods and heavy rainfall (Griffin et al, 2023; Nguyen et al, 2022).
Irrigation schemes will become less efficient in warmer and windier climates. Water extraction will need to increase, to compensate for increased rates of evaporation, which affects source reliability and results in higher loss in both the storage and supply of water to crops (Collins et al, 2013).
The Māori economy is projected to be severely affected by climate change because it has a high proportion of interests in the primary sector, including forestry and fisheries. Fisheries investment is dependent on resilient ecosystems and biodiversity, with hoki, pāua and kōura (freshwater crayfish) among the many at-risk commercial fishing species (Awatere et al, 2021; King et al, 2010).
Replenishment of groundwater resources is integral to our primary sector and will be affected by changing rainfall and water demand patterns. These changes are likely to vary seasonally and regionally (Mourot et al, 2022).
It is highly likely[footnoteRef:17] our infrastructure and communities will continue to be adversely affected by climate change, with already vulnerable communities experiencing worse outcomes (high confidence) [17:  	The likelihood of this occurring is between 75 percent and 85 percent.] 

Remote communities, those with limited economic resources, populations that are under‑represented in local and central government and those in vulnerable climatic areas will be disproportionately affected by climate change and extreme weather events globally and domestically (King et al, 2010).
Sea-level rise will increasingly affect low-lying and coastal communities, including stormwater and wastewater services critical for health and sanitation. Wastewater services will be affected by climate change on short and long timescales, which will have social, environmental, economic, health and cultural consequences (Hughes et al, 2021; Kool et al, 2020; Lawrence et al, 2020).
Other critical infrastructure, including built assets, transport links (for example, roads, railways, airports) and electricity (transmission lines, structures, sites), are also at risk of coastal flooding, which will increase through time (NIWA, 2019).
Coastal properties and cultural sites will be affected by coastal erosion and flooding, which will accelerate with sea-level rise. Local variability and complicating factors will occur, including vertical land movement, sediment supply and landform resilience (Awatere et al, 2021; Bailey-Winiata, 2021; Bell et al, 2022; Jones & Bickler, 2022; Lawrence et al, 2020; New Zealand Archaeological Association, 2022; Wehi et al, 2023).
Climate change induced drought conditions can also increase the risk of wildfires, which will pose risks for cultural infrastructure and kainga (settlements) (Awatere et al, 2021).
It is highly likely[footnoteRef:18] health and wellbeing outcomes will deteriorate because of climate change and biodiversity loss, including the introduction of infectious diseases and food insecurity (moderate confidence) [18:  	The likelihood of this occurring is between 75 percent and 85 percent.] 

Climate change is one of the most serious global threats for health and wellbeing, with potentially widespread effects, including introduced infectious diseases, food insecurity and reduced drinking water quality (Drew et al, 2020; IPCC, 2023; Jones, 2019).
Complex health challenges reflect the interconnected nature of humans, animals and the environment. This is particularly important in Aotearoa due to our relatively isolated island ecosystem and the economic importance of agriculture (Harrison et al, 2020).
Existing health and social system inequities will be exacerbated further by climate change. The already intersectionally disadvantaged, including young, elderly, disabled, Māori and Pasifika, will be disproportionately affected (Bennett et al, 2014; Jones et al, 2014; Masters-Awatere et al, 2023).
The risk is increasing of arboviruses, such as the Zika virus and dengue fever, being introduced from overseas, with increased risk of local transmission as our climate becomes increasingly suitable (Ammar et al, 2021).
Illness rates associated with pathogenic species from the dung of sheep and cows (Campylobacter and Cryptosporidium) may increase substantially with increased temperature and rainfall intensity, with children being the most vulnerable (McBride et al, 2014). In the Pacific Islands, food production and access to food will be adversely affected by climate change, including food from agriculture and fisheries. This puts at risk their basic need for access to sufficient, safe and nutritious food (Barnett et al, 2019).
Emerging evidence indicates that children and young people are experiencing greater levels of mental distress due to climate change than any other age group, and research suggests they will be disproportionately burdened by the impacts of climate change (Gislason et al, 2021; Ma et al, 2022).
It is likely[footnoteRef:19] increasing extreme weather events will have a negative effect on health, wellbeing and the prevalence of disease and illness (moderate confidence) [19:  	The likelihood of this occurring is between 55 percent and 70 percent. ] 

With increasing extreme events, an increase in related health and wellbeing effects is expected, including injuries and deaths, displacement, and significant damage to community infrastructure; vulnerable groups including children, elderly and disabled will be particularly at risk of this (Grout et al, 2022; Mason et al, 2021).
Extreme weather events, such as extreme rainfall, drought, wildfires and floods are linked to worsened mental health and higher mortality among people with pre-existing mental health conditions, with increased psychiatric hospitalisations and suicide rates (Charlson et al, 2021). Globally, increased exposure to extreme heat correlates with higher cardiovascular conditions, heat stress and, in extreme cases, fatalities, particularly among the elderly and people with pre-existing conditions (Chaseling et al, 2023). 
Regions that experience increased extreme rainfall could be at higher risk of waterborne diseases, including through contaminated water supplies (Hales, 2019; Lai et al, 2020).
It is highly likely[footnoteRef:20] climate change will increasingly threaten wellbeing, connection to place, livelihood and identity for vulnerable communities (high confidence) [20:  	The likelihood of this occurring is between 75 percent and 85 percent.] 

Climate change is increasingly affecting daily life, for example, rising costs due to disrupted supply chains, power cuts caused by extreme weather, and the need to evacuate homes due to flooding or fires. This will continue, and lower income communities will be more susceptible these effects (MfE, 2022). 
Extreme weather events, such as flooding, pose threats to home security in Aotearoa. About 675,000 (or one in seven) people across Aotearoa live in areas prone to flooding (MfE, 2022). The costs of flooding will increase over time as the climate continues to change (NIWA, 2018).
In Aotearoa, managed retreat may be necessary to reduce or eliminate exposure to intolerable risks caused by climate change. This displacement will disconnect people who are deeply connected to, and reliant upon, the security, networks and cultural values of their land, homes, communities and livelihoods (Hanna et al, 2019). 
Recreational activities and events will be affected by climate change both directly and indirectly, with changing climates dictating how, when and where activities can take place, if at all (Awatere et al, 2021). 
Climate change threatens to disconnect many Pasifika nations through voluntary or involuntary displacement. It is likely to be a catalyst for profound identity loss, fear and anxiety for many vulnerable communities and a loss of sense of place and belonging (Campbell 2010; Tiatia‑Seath et al, 2020).

[bookmark: _Toc147494039]Data and research gaps
Climate change transcends boundaries and domains, affecting biodiversity, ecosystems, societies, economies, and our way of life. Addressing this interconnected nature is crucial, and having comprehensive data and research that reflect this holistic perspective becomes paramount to protect the environment for ourselves and future generations. In this section, our focus is not on individual or specific data gaps but on high-level themes essential for navigating the complexities of our changing climate. By recognizing the interdependence of various aspects of our environment and understanding how changes in one area ripple through others, we can better prepare and adapt to the effects of climate change.
Improving predictive capacity for future changes 
It is particularly challenging to know what climate change impacts might look like in the future, because multiple pressures across different systems can interact and compound or cascade. Understanding how these complex climate risks will manifest is critical for identifying what is most at risk. This can inform decisions in the context of different community priorities and interests. These climate-induced changes will have different effects for the varying interests, goals, responsibilities, health and wellbeing of whānau, hapū and iwi, and their relationships with te taiao.
Integrating natural and social science to develop a better understanding of the adaptation of human systems 
A determining factor for what will happen in the future is the human potential, both domestic and international, to respond appropriately to climate change by mitigation and adaptation activities. Our climate is influenced by the human choices that shape our institutions, economies and innovation processes. Conversely, our choices will be influenced by the climate because the greater intensity and frequency of climate-related events will increase the salience and urgency of climate issues among citizens and decision-makers. To formulate projections of the future, even regarding physical trends like global heating and biodiversity impacts, we need to better understand how societies, economies and institutions are likely to act. This will involve addressing knowledge deficits in the social sciences of climate action, which includes psychology, political science, new economic paradigms, complexity science and socio-technical transitions. These complex system dynamics can have substantial implications for future emissions trends, policy pathways and adaptive responses to climate impacts.
Maintaining and improving observations to ensure robust environmental monitoring and reporting 
Aotearoa New Zealand’s environmental monitoring and reporting system is crucial in protecting te taiao (the environment). Its effectiveness depends on how well we collect and analyse data about the state of the environment, and this needs improving. Robust observation systems and long-term datasets are vital for understanding climate change and its effects. These data help us detect trends, compare observed changes to climate projections, and make necessary adjustments. The Ministry for the Environment, together with sector partners, is embarking on a significant programme of work to reform the foundations of the environmental monitoring and reporting system. This will include developing core indicators for monitoring our environment, designing the analytical architecture required to assess and interpret the data, and the blueprint design for a national monitoring network.
Improving the resourcing of and access to mātauranga Māori
Mātauranga Māori (Māori knowledge) represents a valuable record of our environment that is unique to Aotearoa. Our mātauranga Māori evidence base needs to be built on and strengthened to better understand effects on te ao Māori (Māori worldview). This requires improving the resourcing of Māori research and access to ngā tohu o te taiao (environmental indicators) drawing from mātauranga Māori. Our ability to access and share rohe- and place‑based knowledge and evidence needs to be improved. This will enhance our understanding of localised pressures, state and impacts, and elevate the value of this knowledge in reporting. 
Conducting more integrative and multidisciplinary science to improve our understanding of significant climate processes 
Gaining a better understanding of the significant processes controlling the climate–Earth system is fundamental for improving climate projections. This would further reduce uncertainty in climate sensitivity calculations and enhance our understanding of the frequency and intensity of extreme weather events. This is particularly challenging because the environment is full of diverse and complex ecosystems. Integrative and holistic studies can help provide a more complete picture, as shown in te ao Māori. We need to build a more holistic understanding of the state of the climate and all its links to ecosystems, habitats, species and human systems.
Targeting research by learning from international research and evidence 
International evidence is overwhelming that the risks and effects from increasing concentrations of greenhouse gases in the atmosphere are significant, affecting every aspect of the environment and human life. Aotearoa is only beginning to observe a subset of these effects, but whether this is due to limited research and monitoring, delayed onset or lack of impacts is unknown. Comparing international research and evidence within our local context is crucial to understanding our unique climate change sensitivities and challenges and developing effective and place-based strategies to mitigate and adapt to the impacts of climate change.
Improving assessments of climate change and extreme weather impacts on our biodiversity and ecosystems
Aotearoa lacks a comprehensive and holistic understanding of the effects of climate change on its unique biodiversity and ecosystems. This requires more integrated analyses of the data we have and investing in wider monitoring of, and research into, lesser understood components of the environment including natural–human sub-system interactions and mātauranga Māori.
Improving assessments of climate change and extreme weather impacts on the economy, health and wellbeing
Aotearoa is being increasingly confronted with climate impacts like flooding, including coastal flooding, drought and heat stress. As the effects of these changes become more frequent, we will have less time to recover and cumulative consequences will occur that could flow on to affect our social and economic activities. We need to better understand the interdependencies between our climate system, urban systems, infrastructure (including utilities), financial services (including banking and insurance) and governance systems. 
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Greenhouse gas emissions for Aotearoa New Zealand
Greenhouse gas emissions for Aotearoa New Zealand are presented from New Zealand’s Greenhouse Gas Inventory 1990–2021, published April 2023 (MfE, 2023a). The inventory estimates have been compiled by applying the 100-year global warming potential (GWP100) values from the IPCC Fourth Assessment Report (IPCC, 2007) to the non-carbon-dioxide gases when aggregating them together. Subsequent greenhouse gas inventories will apply the GWP100 values from the IPCC Fifth Assessment Report (IPCC, 2013), as required under the Paris Agreement. All projection estimates of greenhouse gases in this report apply the Fifth Assessment Report GWP100 values. 
[bookmark: _Hlk144810922]Greenhouse gas emissions for Aotearoa presented in this report are not directly comparable with values presented in the previous Atmosphere and Climate report. In Our Atmosphere and Climate 2020, we used New Zealand’s greenhouse gas emissions as reported in the 2020 submission of the Greenhouse Gas Inventory but, in this report, we use the 2023 submission of the Greenhouse Gas Inventory because it contains the most up-to-date information. Inventory estimates are continuously improved. The whole inventory time series, from the base year (1990) to the latest year, is recalculated when the methodology or underlying data change. This means the emissions estimates are only up to date in the latest inventory, and previous inventories are not useful for comparisons. Changes made to the inventory are often related to improvements in activity data collection, emission factors and methodology, or the identification of additional emission sources.
Environmental indicators: Site description and trend assessments
Stats NZ environmental indicator information in this report is based on data from 30 sites that use NIWA’s climate stations for the following indicators: Drought, El Niño Southern Oscillation, Extreme rainfall, Extreme wind, Frost and growing degree days, Rainfall, Temperature, and Wildfire risk. These sites are spread across Aotearoa, in locations designed to capture data in the areas where most people live, while also reflecting monitoring practicalities. As such, lower elevation coastal areas have a high representation and inland higher elevation locations have a low representation.
For sites where trends could be determined, trends are classified as determinate when the probability of an increasing or decreasing trend is above 66 percent. The term ‘indeterminate’ is used when there is either no trend direction determined or not enough statistical certainty to determine trend direction (less than 66 percent certainty).
Environmental indicators: Additional information
Extreme rainfall: Rainfall due to very wet days (R95pTOT) measures the percentage of annual rainfall from very wet days, where very wet days are defined as those where the daily rainfall exceeds the 95th percentile of daily rainfall totals. For this release, the latest climate normal (1991 to 2020 average) was used to determine the 95th percentile range, where daily rainfall total is greater than or equal to 1mm (Klein Tank et al, 2009). Climate normals serve as a benchmark against which recent or current observations can be compared (WMO, 2017). They can be used for determining how ‘abnormal’ the climate of a particular month, season or year is when compared against the 30-year climate normal. Like air temperature, rainfall can change over time; the latest climate normal period (1991 to 2020) helps us to understand the typical characteristics of our contemporary climate. R95pTOT provides information about extreme rainfall events relative to total rainfall over a period of time. For comparison, we also provide data based on the previously applied 1961 to 1990 climate normal period in the dataset. Maximum one-day rainfall total (Rx1day) measures the maximum amount of rainfall that fell in a single day over a period of time (Klein Tank et al, 2009). This provides information on the magnitude of extreme rainfall events (see Indicator: Extreme rainfall).
Wildfire: Comparison of fire risk between sites is complicated due to differences in fuel type at each station used for analysis. A fuel type may be one of ‘forest’, ‘grass’ or ‘scrub’, and was derived for each station based on Land Information New Zealand geographic databases. Comparing between sites is therefore not appropriate, because the calculated wildfire risk is dependent on fuel type. Nevertheless, the data support the assessment of trends over time for each site (see Indicator: Wildfire risk).
Extreme wind: Here, extreme wind measures the annual average of the daily maximum wind gust (a measure of windiness) and annual maximum wind gust (a measure of wind strength) (see Indicator: Extreme wind). 
Environmental indicators: Drought information and data 
Drought: One method used to detect and monitor drought is the Standardised Precipitation Evapotranspiration Index (SPEI) (WMO and Global Water Partnership, 2016). Because SPEI accounts for the influence of temperature and precipitation on drought, it is a useful index for studying drought given our changing climate (Our atmosphere and climate 2020). SPEI can also be applied for different periods (like the past 3, 6 or 12 months) to provide information about the frequency and intensity (drought severity divided by its duration) of meteorological, hydrological and agricultural droughts. Extreme dryness refers to SPEI values below –2.
Trends in frequency of short-term drought events (meteorological drought; across 3 months) are tending to increase, while trends in long-term drought events (hydrological drought; across 12 months) are mostly indeterminate. Short-term drought frequency increased at 18 sites and decreased at 7, while 5 sites had indeterminate trends. Long-term drought frequency increased at 6 sites and decreased at 6, while 18 sites had indeterminate trends.
Trends in drought intensity are indeterminate at some sites, though more sites showed decreasing rather than increasing trends across short-, medium- and long-term events. Short-term drought intensity increased at 6 sites and decreased at 12, while 12 sites had indeterminate trends. Long-term drought intensity increased at 6 sites and decreased at 10, while 14 sites had indeterminate trends.
For short-term drought, 21 of 30 sites had extreme dryness, and 13 sites had at least six unique drought events each from 1972 to 2022. Dunedin had the most drought events, at 10 events. Seventeen sites spent at least 25 percent of the time in short-term drought, with Dannevirke and Dunedin spending the most time in short-term drought (47 percent). 
For long-term drought, 14 of 30 sites had extreme dryness from 1972 to 2022. Twenty-three sites spent at least 25 percent of the time in a long-term drought event, with 10 sites in drought at least 50 percent of the time. 

[bookmark: _Appendix_B:_Probabilistic][bookmark: _Toc147494041]Appendix B: Probabilistic and analytic confidence language used in this document
Probabilistic language
	Probabilistic language
	Associated numeric probability

	Almost certain 
	>90% 

	Highly / Very probable / Likely 
	75–85% 

	Probable / Likely 
	55–70% 

	Realistic possibility 
	25–50% 

	Improbable / Unlikely 
	15–20% 

	Remote / Highly unlikely 
	<10% 



Analytic confidence
	High confidence
	Assessments are based on high-quality information, and/or the nature of the issue makes it possible to render a solid judgement. A ‘high confidence’ judgement is not a fact, however, and still carries a risk of being incorrect.

	Moderate confidence
	Assessments are based on credibly sourced and plausible information, but not of sufficient quality or corroboration to warrant a higher level of confidence.

	Low confidence
	Assessments are based on questionable or implausible information, the information is too fragmented or poorly corroborated to make solid analytic inferences, or significant concerns or problems with sources existed.



Outlooks assessments contained in this report should not be read as statements of fact and may be based on a variety of sources of differing reliability. Certain words in this document are used to convey the probability of analytical assessments. These words are underlined in this report, to clearly identify assessments. These are used in conjunction with expressions of confidence which provide an indication of the reliability and level of corroboration of sources used in an assessment. Our use of probabilistic language and analytic confidence levels is not the same or directly comparable with that of the Intergovernmental Panel on Climate Change. The language and probability ranges we use are the same as other government agencies, to maintain consistency. 
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Environmental indicators
Listed below are the environmental indicators incorporated in this report, including nine updated indicators in bold:
Annual glacier ice volumes
Atmospheric ozone
Coastal sea-level rise
Drought
El Niño Southern Oscillation
Frost and growing degree days
Extreme rainfall
Extreme wind
Indigenous land cover
Interdecadal Pacific Oscillation
Livestock numbers
New Zealand’s greenhouse gas concentrations
Nitrogen dioxide concentrations
Ocean acidification
Predicted pre-human land vegetation
Rainfall
Sea surface temperature
Southern Annular Mode
Temperature 
Wetland area
Wildfire risk.
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Natural processes affect our climate, but increasing
greenhouse gases from human activity are the
most significant driver of climate change since
pre-industrial times.

Our gross emissions have increased since 1990 and
have remained relatively stable since 2006.

Agriculture and road transport are the largest
contributors to our emissions.

Historical land-use decisions have led to the loss
of indigenous landcover and wetlands resulting in
ecological losses and vulnerability to climate change.

Forests and other vegetation partially offset our
carbon dioxide emissions, but the percentage of
offsets is decreasing over time.
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Greenhouse gas concentrations in the atmosphere
have increased steadily since pre-industrial times.
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p— ——— Average annual air temperatures are rising.

Annual rainfall is changing. The south is becoming
wetter and the north and east are becoming drier.

Extreme weather events are becoming more
frequent and severe.

Changes in our atmosphere and climate

are reflected through changes in our ecosystems
and taonga species, altering nga tohu o te taiao
(environmental indicators).
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Climate change is causing a shift in the habitat
range of some species and a change in the timing of
biological events. This alters ecosystem structures
and exacerbates the impacts of invasive species
and land-use changes.

A changing climate requires rapid knowledge
adaptation and is expected to affect matauranga
Mdiori and associated practices such as mahinga kai.

Repeated severe weather events pose a significant
threat to our vital infrastructure and industries,
causing economic and social disruption.

Our coastal settings are experiencing increasing
sea surface temperatures, sea-level rise, ocean
acidification, erosion and flooding vulnerability.

Climate change threatens health and wellbeing.
It can impact anxiety and depression, and widen
social inequalities.
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Extreme weather events will become increasingly
severe and frequent, leaving less time for recovery
between events.

Climate change will increasingly threaten our taonga
species, as well as our natural and rare ecosystems.
This will require us to adapt our knowledge and may
impact many kaupapa and tikanga practices.

Climate change will increase the risk that new and
existing infectious diseases and pests will spread,
posing a severe threat to our biodiversity, food
security, health and overall wellbeing.

Climate change will affect the frequency, severity
and spatial patterns of rainfall and drought,
with significant impacts on our primary industries.

Climate change will make already vulnerable people
more so, with harm falling disproportionately on those
who live in or near vulnerable locations.
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