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Abstract
carbon budget remaining, should we be likely to meet these goals,
Climate change is a present and ongoing threat to the wellbeing of was estimated in 2018 as merely another 570 GtCO2 for 2 °C, or
New Zealanders. The impacts of climate change will both exacer- 420 GtCO2 for 1.5 °C.5 Yearly emissions are currently 42 ± 3 GtCO2,
bate current inequities of health and generate new ones. As climate leaving under ten years to change course and avoid 1.5 °C °C of
change impacts are regionally specific, there is pressing need to in- warming.5 Current international commitments by world governments
vestigate the population groups in New Zealand at greatest risk of lead to approximately 3.3 °C of warming by 2100, and without these
these inequitable outcomes. The present article discusses by what a rise of 4.1 °C to 4.8 °C.7 In 2018, we reached 1.0 °C.5
environmental mechanisms, and through what medical sequelae, cliClimate change evokes many global outcomes, but amongst the
mate change is expected to inequitably affect the health of these key most salient is sea level rise (SLR). Although SLR occurs across hunpopulations. The groups discussed here include socioeconomically dreds of years and with a significant lag-time following emissions
deprived individuals, Māori, Pacific peoples, children and the elder- of GHG, it will continue rising beyond 2100, even within the 1.5 °C
ly, and agricultural workers. Greater clarity surrounding specific local target.5 This will reshape future coastlines and force mass human
population vulnerabilities to the impacts of climate change will allow displacement internationally.5 New Zealand’s SLR is at 0.22 m since
for the development of targeted initiatives that prevent, mitigate, and 1916.8 Should warming reach 2 °C by 2100, local areas modelled to
foster adaptation to these threats.
ultimately fall below sea level include South Dunedin, Napier, and
Blenheim.9 At 4.0 °C by 2100, this expands to include the Auckland
Background
airport, Lower Hutt, Gisborne, and large parts of Tauranga, InvercarClimate change will reshape health care as we know it. Globally, the gill, Christchurch, Tokelau, and Rarotonga.9 Overseas, this would be
World Health Organisation conservatively estimates an additional expected to submerge Florida, Shanghai, and roughly half of London,
250,000 deaths yearly due to climate change between 2030 and 2050.1 amongst others.9 Without the maintained integrity of Antarctic and
Though poised to affect all livelihoods across the coming decades, not Greenland ice sheets, SLR is expected to climb many further metres. 5
everyone will be equally impacted.2 Through to mid-century, the Unit- These ice sheets are thought to destabilise between 1.5 °C and 2 °C
ed Nations International Panel for Climate Change (IPCC) reports of warming.5
that impacts are expected to primarily affect those already suffering
Other global impacts of climate change are numerous and heavily
health inequities, who will suffer rising inequity as a result.2 Accurately region dependent. These impacts include ocean acidification, reduced
detailing these impacts requires locally-driven, contextual approach- food security, more frequent droughts and floods, loss of air quality,
es.3 The present article aggregates some key future threats to health and spread of disease.3 Impacts are discussed below as relevant to
equity in New Zealand as a foundation for targeted action.
specific populations inequitably at risk.3
From blue fluorescing pillars in front of me leaped shining Tokelau,
covered in glimmering solar panels and lush foliage. This was Te
Taiao, the latest offering from the Wellington national museum Te
Papa. Yet, these photos evoked unease. Palm trees poked their heads
above the tops of water-stained concrete walls. The sign before me:
“Facing climate change… float and hope?”.4 I walked away, passing
two children fighting over a lever that drowns a house in a tsunami.

Before I could leave Te Taiao, my eye caught a map stylised as
a weather forecast. “Climate change at your place.” I leaned in,
searching for my home in Kāpiti. “More rain and floods,”4 it said.
Float and hope?

New Zealand is already experiencing changes to its climate, giving
rise to evolving threats to local equity of health.10 The ClimateEx model identifies areas of greatest predicted climactic change, estimated
We are presently transforming our climate through human green- by expected temperature and precipitation shifts.11 Regions modelled
house gas (GHG) emissions, which include carbon dioxide (CO2), to experience the most change include those within Northland, Bay
methane (CH4), nitrous oxide (N2O), and fluorinated gases.3 The of Plenty, Tairāwhiti, and Waikato District Health Boards (DHBs).11–15
greatest contributor to warming from emissions to date is CO2, and This model does not, however, incorporate some other important
as of 2017 we had produced 2,200 ± 320 gigatonnes (Gt) of it since regional impacts such as deglaciation.10
pre-industrial times.5 The United Nations’ Paris Agreement (Accord
de Paris) is currently ratified by 185 countries including New Zealand.6 Groups at risk of inequity
It recognises “the need for an effective and progressive response to Populations at risk of inequitable impacts from climate change overlap
the urgent threat of climate change,” and thus commits parties to with populations already facing health inequities.11–15 Immediate steps
“holding the increase in global average temperature to well below 2 °C taken now to support these groups with prevention, mitigation, and
above pre-industrial levels, and pursuing… 1.5 °C”.6 The absolute total adaptation strategies has the power to reduce these inequities in
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in New Zealand include Zika, dengue fever, malaria, Japanese encephalitis, Ross River fever, various tick-borne illnesses, and human myiasis
(parasitic flies), amongst others.8 Combined with the increased vulnerability of these areas due to socioeconomic deprivation, northern
Māori communities may risk inequitable harm, should such a disease
produce an epidemic.12–15,21
1. SOCIOECONOMICALLY-DEPRIVED INDIVIDUALS
Socioeconomic deprivation is correlated with increased all-cause
Existing health inequities are expected to worsen through climate
mortality in New Zealand across all age groups.17 These existing change.3 Māori currently have inequitably high mortality rates due
health inequities are expected to worsen due to increasing financial to respiratory and cardiovascular disease, including asthma, chronic
pressures from climate change, embedding people further into pov- obstructive pulmonary disease, and ischaemic heart disease.25 Climate
erty. The World Bank cites climate change as a major driver of inter- change is expected to increase the severity and prevalence of these
national poverty, expected to impoverish 100 million people over the diseases by increasing allergen counts and reducing air quality.8 Pollen
next ten years.18
production is predicted to increase many times over and airborne
Climate change exerts disproportionate financial pressures on particulate matter may be generated through fire outbreaks and dust
those who are socioeconomically deprived, due to both a reduced formed in droughts.8
capacity to prepare against economic loss, and greater damage from
these losses when they occur.19 Extreme weather and natural disas- 3. PACIFIC PEOPLES
ter-triggered economic ‘shocks’ are expected to become more fre- Pacific peoples in New Zealand originate from a diverse background
quent.19 For those who have less access to insurance, greater reliance of Pacific nations, as well as from the greater New Zealand realm
on consistent employment wages and financial aid, and fewer finan- including Tokelau, Niue, and the Cook Islands.26 These are a heterocial assets for recovery or relocation out of devastated areas follow- geneous peoples, and will both respond to and be affected by climate
ing disasters, these shocks become life-changing.19 The subsequent change in varying ways.
International climate change forums have been criticised for efmental health toll may be more severe; victims of the February 2011
Christchurch earthquake in low socioeconomic suburbs were found fectively condemning small island territories such as Tokelau to the
to suffer higher rates of depression and anxiety when compared to fate of eventual, unavoidable evacuation to escape flooding and
overwhelming SLR.27 The striking injustice of this fate is that these
those in medium and high socioeconomic suburbs.20
Food security is expected to fall due to shifting precipitation pat- islands contribute almost nothing to overall global carbon emissions,
terns and ocean life migration driving up food prices.5 Because of the and yet the people face the ultimate loss of their homelands, which
greater proportion of their income that is spent on food, those who will precipitate both tangible harms and damage to intangible cultural
are socioeconomically deprived will be disproportionately affected.19 identity, beliefs, and practices.27 Evacuation is not welcomed by many
This financial burden is recurrent, making escaping poverty more diffi- Pacific peoples, as it sacrifices their cultural heritage, normalises their
cult for deprived individuals.19 This may subsequently increase the risk irreparable losses, and strips them of agency and dignity.27,28 However,
of undernutrition amongst the most impoverished and their suscep- migration from low-lying islands will become necessary for survival
tibility to illness.19
for some Pacific peoples should countries fail to uphold the Paris
Furthermore, areas predicted to be exposed to the largest climac- Agreement; some may be migrating for this reason already.29 Forced
tic changes are currently already disproportionately impoverished.11–15 migration will have large impacts on psychosocial wellbeing, and may
In the Bay of Plenty and Waikato DHBs, the most deprived citizens separate families between islands.29 Like for Māori, Pacific peoples
are ‘over-represented’, whereas in Northland and Tairāwhiti the pro- whose homes are lost around them are also likely to be heavily affectportions in the quintile of most deprivation are ‘very high’.12–15 These ed by solastalgia.22
residents therefore face the double threat of vulnerability to extreme
For those living on small island nations, rising ocean acidity and
weather events from existing inequality, and a forecast of greater temperatures trigger new migration patterns of fish and threaten traweather variability relative to other areas.11 This may intensify dam- ditional food security.29 This in turn increases dependence on importage from these events, such as increased disaster-related trauma and ed, energy-dense, obesogenic foods.29 Pacific peoples are further at
greater psychosocial harm.16
increased risk of seafood toxicity from previously mentioned diseases
such as Vibrio gastroenteritis and ciguatera, which may further encourage the reliance on imported foodstuffs.29
2. MĀORI
Pacific peoples in New Zealand receive lower average incomes
Coastal erosion, sea level rise, and flooding threaten cultural connections to whenua (land), rohe (territory), and sites of intergenera- compared to New Zealand Europeans, and will be at increased risk
tional cultural importance to Māori, such as marae and urupā (burial of the inequitable outcomes linked to socioeconomic deprivation disgrounds).21 Increasingly researched as a uniquely impactful psychiatric cussed prior.30 They also face increased risk of present non-communistressor, the dysphoria experienced from witnessing environmental cable disease inequities being further exacerbated, as faced by Māori.29
change to a place that one connects to has been termed ‘solastalgia’.22
Solastalgia may affect Māori who experience loss of land that is tied 4. CHILDREN AND THE ELDERLY
strongly to their beliefs of origin and identity.22 Consumption of kai- Children are dependent upon caretakers for normal childhood growth
moana (seafood) may also be undermined as a result of emerging and and development, and require stability to maintain school attendance
increasing rates of foodborne illness associated with warming and acid- and develop cognitively.31 This creates vulnerability to sudden lifestyle
ifying oceans, such as ciguatera fish poisoning and Vibrio gastroenteri- upheavals, or health and socioeconomic shocks to families in the wake
tis.8,21 These cultural impacts threaten both hinengaro (mental health) of disasters.31 Forced migration and coastal retreat disrupts children’s
and wairua (spirituality) aspects of hauora Māori (Māori wellbeing).23
academic progress, and may create long-term psychological trauma.31
Māori are over-represented across all measures of socioeconomic Due to their reliance on caregivers for safety and wellbeing, children
deprivation in New Zealand, and will therefore be inequitably affected are particularly vulnerable if separated from families through extreme
by the aforementioned impacts on the socioeconomically deprived.24 weather disasters, or if harm befalls family and guardians.31 Children
Northern areas of New Zealand predicted to experience greater are also at risk of undernutrition and resulting developmental delay
climactic variance are also disproportionately inhabited by Māori.11–15 due to socioeconomic shock.31 Infants may face suboptimal breastDue to the changes in precipitation and temperatures, these areas feeding if their mothers are stressed or harmed.32
are at greater risk of the establishment of new disease vectors such
Children in New Zealand have amongst the highest rates of asthas Aedes aegypti.8,21 Diseases with raised concern of possible outbreak ma in the world, which is expected to be exacerbated, as described
the future.16 Synergistically, steps to reduce pre-existing inequity in
New Zealand also decrease the future impacts of climate change.3
Some of the groups facing inequity of health as a result of their specific
pressures are discussed here.
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prior, through air quality and pollen count changes.8,33 The World of contributing to initiatives that resist the impacts of climate change.
Health Organisation additionally estimates a small increase in yearly The key message is that these responses are urgent if we are to avoid
diarrhoeal disease mortality amongst children in Australasia.1 Should an inequitable future for our country; there is under a decade before
tick-borne or mosquito-borne illnesses such as Lyme disease and ma- we breech the carbon budget expected to hold us to 1.5 °C of warming.5 There is no time left to debate the need for action.
laria reach New Zealand, children are likely to be most affected.31
Amongst the elderly, cognitive impairment and anxiety may be
worsened during disasters.34 This may impair communication for effective response and result in additional morbidity.34 The elderly risk References
inequitable health outcomes through exacerbation of existing cardiovascular and respiratory illnesses in similar ways to those described
1. World Health Organisation. Quantitative risk assessment of the effects of climate change
above.8 Although New Zealand faces less heat wave risk than many on selected causes of death, 2030s and 2050s [Internet]. World Health Organisation; 2014
other countries, the elderly are amongst the most vulnerable to heat [cited 2019 Aug 06]. Available from: https://apps.who.int/iris/handle/10665/134014
stroke, and by 2 °C of warming the number of heat-related deaths
2. International Panel on Climate Change. Climate Change 2014: Synthesis Report.
amongst those over 65 is predicted to rise from 14 to 51 in Auck- Contribution of Working Groups I, II and III to the Fifth Assessment Report of the
land and Christchurch.8 Similar rises can be expected in other north- Intergovernmental Panel on Climate Change [Internet]. Geneva: International Panel on
Climate Change; 2014 [cited 2019 Aug 06]. Available from: https://www.ipcc.ch/assessmentern areas.8
report/ar5/

5. AGRICULTURAL WORKERS

Individuals relying on agriculture and farming for their livelihood are at
risk of financial threat from the changing climate.10 Precipitation changes will alter the frequencies of heavy rainfall and severe droughts,
which will demand advance management to maintain crop yields
through dry periods.34 Pestilence of crops may also increase.35
New Zealand’s GHG emissions come primarily from the agricultural industry.35 Policies such as the restriction of land deforestation
for agriculture, or scaling back dairy farming, may be necessary to
reach New Zealand’s Paris Agreement commitments and reduce
overall climate change impacts.10 However, agricultural workers would
be disproportionately impacted by such policies.10
These collective pressures may create socioeconomic shocks and
result in the downstream health consequences previously discussed
for the socioeconomically deprived if workers are heavily impacted.
Despite these risks, with sufficient mitigation and adaptation planning,
temperature, precipitation, and CO2 concentration shifts have the potential to expedite plant growth for limited periods, increasing crop
yields and resisting downturn.35
Should crops fail, or if mitigation and adaptation are unsuccessful
in buffering future impacts, agricultural workers are at increased risk
of psychiatric illnesses such as suicidality, anxiety, and depression.36,37
Further specific health impacts on those who work outside include
higher rates of asthma through means described above, and greater
risk of heat stroke.8
6. OTHER GROUPS AT RISK

It is not possible here to exhaustively detail all those at risk from
climate change; there is also evidence that women, the disabled, and
recent migrants may face specific and inequitable impacts.16,38,39 More
research is needed to apply this to local contexts.

The way forward
Widespread ecological shifts will continue to inequitably precipitate
numerous medical sequelae, which must be well characterised and
targeted through a range of interventions fostering prevention, mitigation, and adaptation.
Despite the scope of these challenges, a large range of mitigating
and adaptive initiatives have been discussed and analysed by the IPCC
for their effectiveness.2 A review of these is beyond the present article’s scope, but solutions include international collaboration, regional
and national government coordination, and community mobilisation.2
New Zealanders have further intangible assets to draw upon, including guidance through Māori concepts such as kaitiakitanga (reciprocal
stewardship) and our culture of historical grassroots mobilisation in
the face of adversity.40,41
With such a range of potential impacts from climate change, there
is no shortage of ways to respond. As current and future health professionals, we hold a responsibility to understand these challenges and
how they will affect our patients. Every New Zealander is capable
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