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Abstract

INTRODUCTION: Connections between environmental factors and mental health issues have been postulated in many
different countries around the world. Previously undertaken research has shown many possible connections between these
fields, especially in relation to air quality and extreme weather events. However, research on this subject is lacking in New
Zealand, which is difficult to analyse as an overall nation due to its many micro-climates and regional differences.
OBJECTIVES: The aim of this study and subsequent analysis is to explore the associations between environmental factors
and poor mental health outcomes in New Zealand by region and predict the number of people with mental health-related
illnesses corresponding to the environmental influence.

METHODS: Data are collected from various public-available sources, e.g., Stats NZ and Coronial services of New Zealand,
which comprised four environmental factors of our interest and two mental health indicators data ranging from 2016 up until
2020. The four environmental factors are air pollution, earthquakes, rainfall and temperature. Two mental health indicators
include the number of people seen by District Health Boards (DHBs) for mental health reasons and the statistics on suicide
deaths. The initial analysis is carried out on which regions were most affected by the chosen environmental factors. Further
analysis using Auto-Regressive Integrated Moving Average(ARIMA) creates a model based on time series of environmental
data to generate estimation for the next two years and mental health projected from the ridge regression.

RESULTS: In our initial analysis, the environmental data was graphed along with mental health outcomes in regional charts
to identify possible associations. Different regions of New Zealand demonstrate quite different relationships between the
environmental data and mental health outcomes. The result of later analysis predicts that the suicide rate and DHB mental
health visits may increase in Wellington, drop-in Hawke's Bay and slightly increase in Canterbury for the year 2021 and
2022 with different environmental factors considered.

CONCLUSION: It is evident that the relationship between environmental and mental health factors is regional and not
national due to the many micro-climates that exist around the nation. However, it was observed that not all factors displayed
a good relationship between the regions. We conclude that our hypotheses were partially correct, in that increased air
pollution was found to correlate to increased mental health-related DHB visits. Rainfall was also highly correlated to some
mental health outcomes. Higher levels of rainfall reduced DHB visits and suicide rates in some areas of the country.
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1. Introduction

Mental health, which refers to someone's emotional and
psychological wellbeing, can be a difficult issue to quantify.
This is largely due to the many factors which can affect
mental health, including socioeconomic status, genetics and
political environment[1,2]. Anxiety around environmental
changes and climate catastrophes likely also exacerbates
mental health issues, a phenomenon that has been studied in
several countries worldwide [3, 4]

New Zealand is a seismically active country with many major
recorded climate events, including earthquakes and volcanic
eruptions, in the last several years. However, New Zealand is
also home to many different micro-climates, making it
difficult to judge environmental factors from a national
viewpoint. The northernmost area of the country, including
the Auckland and Northland regions, has the warmest
weather as well as lower average air quality. In contrast, the
southernmost regions, including Southland and Otago, have
the coldest average temperatures, and the nearby West Coast
has the highest recorded rainfall. Due to these differences,
this research was thus undertaken on a regional basis to
identify possible correlations between environmental factors
and mental health outcomes in New Zealand.

This research aims to help further awareness and information
around mental health, a known problem in New Zealand that
disproportionally affects the country's population. Overall,
previously undertaken research has found that almost a third
of New Zealand's population has experienced mental distress,
and annual spending accounts for almost $12 billion, or
roughly 5% of the country's gross domestic product (GDP)
[5]. However, there is a gap in the research on the association
between mental health and the country's environment. Thus,
our research aim is to identify possible links between
environmental factors and mental health outcomes in New
Zealand. The study consolidated data on natural
environmental factors from various public sources and
thoroughly carried out a systematic study with various viable
statistical methods, which can be considered a data-driven
case study of the issue. Furthermore, we endeavour to predict
the number of mental health-related outcomes based on
environmental trends to contribute to this area of research.
This information will be important for decision-makers such
as District Health Boards (DHBs), City Councils and the
central government to understand where funding is required
the most and to identify and implement effective solutions.

2. Literature Review

Many factors can influence poor mental health, including
financial status, the industry of employment, and much more.
However, it is proven that the environmental context also
plays a vital role in affecting people's mental health[6, 7].
Research linking environmental factors to mental health
outcomes has been undertaken in several countries worldwide
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and seems especially prevalent in areas with significant
climate change or catastrophes. In Europe, for example,
research has discovered evidence that the consequences of
climate change, such as extreme weather events, have a
substantial impact on mental health issues like depression and
post-traumatic stress disorder [8]. Another study indicated
that high levels of air pollution in Japan and China were
linked to higher levels of mental health issues. Furthermore,
research[9] suggests that suicide mortality is not only linked
to personal characteristics and life events but also to
environmental exposures.

Environment and climate greatly affect New Zealand in a
variety of ways. Earthquakes, for example, are regular in New
Zealand, and studies show that they might cause mental
health problems[10]. The study also found that after the
earthquakes in Canterbury in the early 2010s, there was a
43% rise in mental health presentations among adults and a
69% increase in child and youth mental health services [11].
Furthermore, agriculture is a significant part of the country's
economy and is susceptible to climate change. For instance,
the difference between a good and bad production year
resulting from a severe drought can cost as much as 1.5 per
cent of GDP, or more than $1 billion [12]. All these examples
can negatively impact many people's mental health outcomes,
causing them to experience anxiety or even worse conditions
[13].

Despite these connections, environmental factors and mental
health studies in New Zealand are scarce. Although there
have been studies around this topic, they have primarily
focused on specific populations and have not taken climate
change into account. For example, mental health issues in
New Zealand are much higher among certain population
groups, including Maori and Pacifica residents. These groups
are far more likely to have a lower socioeconomic status than
their White/Pakeha counterparts and are more likely to work
in outdoor industries, thus being more exposed to
environmental effects [14]. Additionally, those with
disabilities and the elderly are more likely to be affected by
environmental problems [15]. Depression, for example, is
one of the most common outcomes resulting from poor
environmental conditions [16]. Research shows that the very
young are also more likely to suffer extended mental health
issues over time, such as depression, anxiety, and even
suicide attempts, due to experiencing climate crises at a
young age[17].

3. Hypotheses

Many international studies show that earthquakes
significantly impact individuals' mental health [18]. New
Zealand is a seismically active country because it is situated
at the meeting point of two major tectonic plates [19]. Recent
major earthquakes in New Zealand include magnitude 7.1 and
6.3 in 2010 and 2011 in Christchurch and a magnitude 7.8
earthquake in Kaikoura in 2016 [20]. Therefore, we make our
first hypothesis:
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Hypothesis 1: Earthquakes positively correlate to mental
health outcomes and suicide attempts.

In addition, as previously mentioned, air pollution has been
shown to have a negative impact on depression symptoms in
countries such as China and Japan. Even though New Zealand
has lower levels of air pollution than many other countries,
increased industrial activities and traffic in large cities have
deteriorated air quality in many regions. As a result of these
findings, we make our second hypothesis:

Hypothesis 2: Air pollution levels positively correlate to
mental health outcomes and suicide attempts.

Furthermore, research from Mullins and White [21] finds that
in America, higher temperatures lead to more visits to the
emergency service for mental illness, suicides, and self-
reported days of poor mental health. Bad weather, such as
rainy days, is also proven to negatively impact individuals'
mental health [22]. New Zealand has a diverse range of
microclimates, and therefore climate factors such as rainfall
and temperature vary vastly in different regions [23].
Consequently, we created our third and fourth hypotheses:
Hypothesis 3: Rainfall positively correlates to mental health
outcomes and suicide attempts.

Hypothesis 4: Temperature positively correlates to mental
health outcomes and suicide attempts.

While the data analysis conducted for this research was
primarily quantitative, the insights gained through this
literature review have been applied to our final analysis to
account for factors missing from the numerical evaluation of
these issues.

4. Data Source and Wrangling

Based on the hypotheses and research data sets were
aggregated from various sources for all four environmental
factors, as well as the two mental health indicators. This
section discusses the origin of the data sets, as well as their
unique challenges and what was done to them to prepare them
for analysis and use for predictions. All data ranges from
2016 up until 2020, with varying levels of completeness.

4.1 Earthquake

Earthquake data has been recorded under GNS Science’s
Geonet Project since 1960, and the relevant metrics and
information for each earthquake can be publicly
accessed[24]. Earthquake magnitudes, which measure the
energy released during an earthquake, as well as the depth of
the earthquake are important factors to measure the overall
shaking intensity. Geonet uses the Modified Mercalli
intensity scale to indicate the effects of an earthquake on
people and the environment. The scale ranges from 1 to 12,
where 1 represents weak shaking and 12 depicts complete
destruction[25].

The earthquake data was completely sourced from Geonet,
and included all earthquakes recorded from 2016 to 2020. The
earthquakes were assigned to regions in New Zealand, to
allow us to analyse them in the regional setting predicted by
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mental health data. As earthquakes are only recorded with
their longitude and latitude, the only reliable way to assign
regions to them is using reverse geocoding. Reverse
geocoding refers to a practice where an address is assigned to
a location based on its coordinates [26]. For this process, the
Google Maps Geocoding API was used, which is capable of
only returning the state of the address associated with the
coordinates as a hash, which directly could be incorporated
into the earthquake data frame. Afterwards the regions the
API returned were renamed to fit the regions of the mental
health data. Lastly, only the relevant columns were retained,
which are region, date, magnitude, etc. The earthquake data
contains 2801 records. To better understand the earthquake
data, we plotted the data overlaying the geographical map of
New Zealand(Figure 1).

2020

Figure 1. The earthquake data visualization of New
Zealand (2016-2022)

4.2 Air Quality

PM10 records are taken as the measurement for air quality.
PM10 is defined as "suspended coarse particulate matter,
either solid or liquid, with a diameter of 10 micrometres (um)
or less" [27]. This includes particulate matters such as smoke
from fireplaces and chimneys, dust, motor vehicle exhaust or
industrial sources. Air quality data is sourced from Land, Air,
Water Aotearoa [28], with measurements recorded daily in
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almost every region in New Zealand with varying levels of
consistency. A higher PMI10 value signifies great air
pollution. Due to its size, PM10 can be inhaled, and exposure
can cause "cardiovascular and respiratory health problems,
such as heart attack, stroke, lung cancer and premature
death"[29]. The air quality data contains attributes such as the
latitude and longitude of the air quality sensor device, the
town/city names, the site type(e.g. residential or industrial),
the date and the PM10 values. Figure 2 shows the average
PM10 values from 2016 to 2020 in the regions of our study.
There are 134,066 records PM10 records in our data.

Avg. Value
19,809 h
16.008
14670 14829

2816 —
E 11062 0957
3 10557 10778 o
; I ‘ | | I | | |

Figure 2. The average PM10 values of regions in New
Zealand (2016-2020)

4.3 Rainfall

Rainfall varies across the country, with mountain chains
throughout New Zealand providing a barrier for westerly
winds resulting in different climate regions. In the upper half
of Northland, most rainfall can be observed in winter and
autumn. In contrast, winter has the least rainfall for much of
the southern part of New Zealand[23]. Rainwater is an
essential part of the country's environment, supplying fresh
water for drinking and growing food, as well as ensuring a
healthy ecosystem and electricity supply. Thus, rainfall
changes can greatly affect the country's agriculture, energy
and recreation as well as the environment[30].

The rainfall dataset used for this study was filtered to the
proper time range (2016-2021), as some stray entries from
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2015 and before were in the raw data set. And, as with the
other datasets, the region had to be adjusted to reflect the
DHB regions. Lastly, only the columns of interest were
retained, to cut down on storage and processing. The rainfall
data contains attributes of the region name, date, and rainfall
values, and there are 43,560 records in the period of time.

4.4 Temperature

The degree Celsius is taken as the measurement for
temperature. Temperature data is sourced from LAWA [28],
with measurements recorded daily throughout every region.
In New Zealand, the mean annual temperatures range
between 10°C to 16°C from south to north. July is the coldest
month, while the warmest periods are the summer months of
January and February. The variations in temperature in New
Zealand are small between the seasons but can reach up to a
variation of 14°C inland and in the east of the regions.
Temperatures are recorded at NIWA’s 30 stations around the
country reporting annual and seasonal average, maximum
and minimum temperatures and trends. Changes in
temperature affect agriculture, energy, ecosystems and
recreation. Temperature data is relevantly simple. It contains
the data/time, the locations (latitudes and longitudes) and the
temperature in degrees celsius. There are 1798 records.

4.5 Mental Health

Our mental health data comes from Stats NZ, New Zealand's
official data agency, as well as the Coronial services of New
Zealand. These sources aggregate the data provided by the
regional DHBs throughout New Zealand. The mental health
indicators chosen are the number of people seen by DHB for
mental health reasons and the statistics on suicide deaths.
These factors were chosen as they represent the most
complete datasets around mental health, while other
information is often poorly recorded. Unfortunately, the data
for mental health comes with a couple of difficulties. First, it
is mostly qualitative data, which is difficult to quantify. In
addition, much of the data is self-reported and hence
introduces a certain degree of variance. Lastly, mental health
data is also impacted by social factors, such as ethnicity and
income. This makes the data overall hard to compare across
regions. Additionally, the data is only available in
summarised form with annual reporting. We consolidate the
mental health data. Figure 3 shows the snapshot of the mental
data.
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Region = Clients seen by DHB service Provisional suicide deaths by DHB Year
Auckland 57,438 183
Central North 25,994 98
Gisborne 1.929 14
Hawkes Bay 4,692 29
Taranaki 5,765 1
Manawsatu-Whanganui 8,815 44
Wellington 18,323 el
Upper South 5,629 12
West Coast 1.492 8
Canterbury 14,764 92
Southern 10,330 65
Total 162,078 668
Northland 7,019 33
Auckland 58,794 130
Central North 27,953 122

2018

2018

2018

2018

2018

2018

2018

2018

2018

2018

2018

2018

2018

2013

2013

Total Population

% of population seen by DHB

% of population death by suicide

1,654,800 347500 0.0120000
796,400 326400 0.0120000
49,500 3.85700 0.0280000
172,400 272200 0.0170000
121,200 4 75700 0.0050000
247,500 356200 0.0180000
525,900 3.48400 0.0120000
155,400 2.62200 0.0080000
32,400 4 60500 0.0250000
622,800 237100 0.0150000
335,500 3.07900 0.0150000
4,899,600 2.30800 0.0140000
189,600 370200 0.0170000
1,680,500 345900 0.0110000

813,500

3.43600

0.0150000

Figure 3. the snapshot of the mental health data of our study

5. Analysis Methods and Implementation

This research was based primarily on the relationship
between environmental data and mental health data in
different regions of New Zealand over the time period 02016
to 2020. The independent variables (or inputs) were
environmental data sets, including air pollution levels,
average temperatures, seismic activity and average rainfall.
The dependent variables (or outputs) were two mental health
data sets: mental health patients seen by regional District
Health Boards (DHBs) and recorded regional deaths by
suicide.

Mental health data were converted to the percentage of the
regional population in order to remove possible distortion due
to variance in population size. However, it is also important
to note that some data is missing as some patients seek help
from non-governmental organisations (NGOs) rather than
their local DHB [31]. Additionally, reported suicide numbers
include some estimates as the nature of suicide can be
difficult for coroners to identify [32]. The results should
therefore be read as overall trend indicators and not as
individual cases.

To allow cross-compatibility with the environmental data,
several regions had to be combined, which resulted in the
following regional groups: Northland, Auckland, Central
North (Waikato and Bay of Plenty), Gisborne, Hawke's Bay,
Taranaki, Manawatii-Whanganui, Wellington, Upper South
(Nelson, Marlborough and Tasman), West Coast, Canterbury
and Southern (Southland and Otago). This grouping was
necessary as some DHBs cover areas belonging to two
geographic regions (e.g. Lakes DHB). As their reported data
cannot be split between the geographic regions the only
solution was to combine regions to cover the required DHB
regions.
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5.1 Initial Exploratory Analysis

To find which regions were most affected by the chosen
environmental factors, averages were taken from across these
variables. Two linear models were created for each dependent
mental health factor to guide the initial analysis. These
showed that for suicide rate the only environmental factor
with impact is rainfall, while for number seen by DHB air
quality, rainfall and temperature show correlation. These
models do not show causality, but they were a valuable to
provide some direction for the initial exploratory analysis.
Next, the environmental data was graphed along with mental
health outcomes in regional facet charts. These visualisations
allowed for further analysis of several correlations, which led
to additional exploration to understand these trends. Based on
the information from the linear models the data that was
graphed are the amount of average rainfall and suicide rate by
population rate, air pollution and population rate seen by
DHB, as well as average temperature and population rate seen
by DHB.

Figure 4 shows average rainfall and suicide per rate of
population, from which a mix of correlations can be identified
between these factors. Canterbury and Gisborne both show
direct correlation, while the West Coast and Hawke's Bay
show inverse correlation trends. After some investigation, it
was found that the West Coast, which typically has higher
rates of negative mental health outcomes compared to other
regions, began an initiative in 2018 to reduce mental distress
through community outreach and awareness programmes
[33].
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Figure 4. Annual rainfall compared to the percentage of deaths by suicide

Thus, the reduced suicide rate shown post-2018 is likely due
to external factors rather than a direct result of changes in
rainfall. Conversely, Hawke's Bay is a region with a large
amount of farming and thus a reliance on rainfall for local
industry. The inverse relationship shown here represents a
known issue, the effects of drought on population wellbeing.
Many farmers have significantly reduced income due to
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roughts, which can cause anxiety and other negative mental
health outcomes. Conversely, Hawke's Bay is a region with a
large amount of farming and thus a reliance on rainfall for
local industry. The inverse relationship shown here represents
a known issue, the effects of drought on population
wellbeing. The inverse relationship shown here represents a
known issue, the effects of drought on population wellbeing.

Central North Gisbome

— Percentage of populaton seen by DHEB
== Average Aipollution by PM10

Region
Auckiand
Cantorbury
Central Nor
Gabome
Hawke's Bay
Manawati-Whangan
Neeriang

0LWd q Aigenbiry abesony

Southern
Tacanaki
Upper South
West Coant

Welington

West Coast

Figure 5. Average air pollution levels compared to the rate of the population seen by DHB
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Many farmers have significantly reduced income due to
droughts, which can cause anxiety and other negative mental
health outcomes. Consequently, a decision was made to focus
on the effects of rainfall on mental health in Hawke’s Bay, as
well as predicting these numbers for the following years.

Figure 5 shows average air pollution compared to the rate
of the population seen by regional DHBs for mental health
issues. Unfortunately, data on New Zealand air pollutants is
disjointed, resulting in several missing values, which can be

Aushiong Gantartury

ks Bay Mgt Whangara

N by DHB servica

of population ser

Parcantage

seen in Hawke's Bay, Manawatti- Whanganui and Taranaki.
Several direct correlations can be observed, especially in
Canterbury, Wellington and the Central North. Canterbury
and Wellington are aware of these pollution issues and
currently have ongoing programmes to reduce air pollutants
by creating a series of 'Clean Air Zones' with different rules
for home heating, including which types of heaters can be
installed and used (GWRC, 2020).

ainigsadws1 enuy sbessmy

Figure 6 Regional facet chart of average tempe?éture compared to the rate of the population seen by DHB

Figure 6 shows the average annual temperature compared to
the percentage of the population seen by DHBs for mental
health-related services. Correlations can be seen in
Canterbury, Central North and Northland, with an inverse
correlation seen in the Southern regions and Manawati-
Whanganui. Heatwaves and high temperatures have been
found to be much harder on the elderly population, who are
often more susceptible to heat-related illnesses and have
overall less mobility[34]. The regions with the highest elderly
populations in New Zealand are Canterbury and Northland,
with Manawatti-Whanganui being one of the regions with the
least amount of elderly people [35]. Thus, the mental health
outcomes seen here are likely exacerbated by external social
issues, making this facet chart difficult to interpret at face
value. These insights motivated the choice to further

investigate the relationship between temperature and mental
health in Canterbury specifically

Earthquakes, when visualised with mental health data, did not
show any obvious immediate correlation (Figure 7). This
seems to be against our initial hypothesis, in which we
assumed that earthquakes would be a major factor for certain
mental health issues, such as anxiety and PTSD. Our
understanding is that earthquakes, unlike other environmental
factors, are natural events/disasters. Some of its consequences
on mental health may not be observed and manifest
immediately after the event. Some research has shown that
the Canterbury earthquake did have some adverse effects on
mental health [36]
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Figure 7. Maximum Earthquake Mag};itude compared to Rate of Population seen by DHB

5.2 Time Series

A time series model was chosen to visualise temporal trends
better as most of the data consisted of a series of ordered data
points. Based on the initial analysis results, the three
environmental factors; rainfall, air quality and temperature
and their respective regions; Hawke's Bay, Wellington and
Canterbury, were plotted onto a time-series graph. Data was
plotted daily from 2016 until 2020.

An ARIMA(Auto-Regressive Integrated Moving Average)
model forecasting algorithm was then performed on the time
series to predict future environmental data for the next two
years. ARIMA was chosen because it can use time series to
predict future values, and works for both seasonal (non-
stationary) and non-seasonal (stationary) data. It can convert
non-stationary data into a stationary time series by using
differencing. In our data set, temperature and air quality were
observed as seasonal data due to repeated annual trends. In
contrast, the random patterns observed in rainfall in
Canterbury were likely stationary.

In this section we only choose to cover some results of our
time series predictions and the predicted mental health
outcomes based on the environmental factors. The three case
studies are rainfall in Hawke’s Bay, air pollution in
Wellington and temperature in Canterbury with factors of
interest, Suicide rate and DHB visit Rate.
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Using predicted results for the time series, outputs for mental
health were then projected from the ridge regression. These
predictions can be seen below in Table 1. As can be seen from
the predicted changes from 2020 data, both DHB and suicide
rates were increasing or decreasing concurrently for rainfall
and air quality. This further indicates some relationship
between the environmental factor and mental health.
However, this is found to be inconsistent for temperature, as
suicide rates and DHB rates were found to contradict each
other for the same year, further indicating that temperature is
not a good predictor.

Some of the changes in suicide rates may appear to be quite
large. This is due to suicide rates in general being very low
compared to the whole population. Hence, even a large
percentage may only mean a small number of suicide deaths
for the whole population.

For air quality in Wellington, it can be observed that
compared to 2020 data, 2021 shows a slight decrease in air
quality, and 2022 shows a slight increase. However, DHB
rates and suicide rates are both forecasted to increase. As only
one year shows that an increase in air pollution results in an
increase in negative mental health outcomes, this implies that
further analysis and improvements are required with this
environmental factor to strengthen conclusions.

For rainfall in Hawke's Bay, predicted rainfall levels are
increasing over the next two years. Coincidently, DHB visits
and suicides are also forecasted to decrease. This shows that
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rainfall in Hawke's Bay is likely a strong indicator for mental
health data.

Table 1. Predicted Mental Health Data based on environmental predictions

\Variable Tested [Environmental [Suicide/DHB Rate Projection %A from 2020
City Inputs data
2021: 0.0108 [2021 8% 1
2020:12.10/m3 | . . : .0
Wellington  |AQ_pm10  2021: 11.83/m3>uicide 2022: 0.0109 2022:9% 1
2022:12.14/m3 2021:3.421 [2021 2% 1
DHB Rate 0022: 3.452 [2022: 3% 1
, 2021: 0.0201 [2021: 22% |
2020:2.80 MM i, icide 2022: 0.0203 [2022: 22% |
Hawke's Bay [Rainfall 2021: 2.97 mm
2022: 2.98 mm 2021:2.97 [2021: 3% |
DHB Rate 022:2.93 2022 5% |
, 2021: 0.0142 [2021 5% |
2020:9.26 C g jicide 022: 0.0142 [2022: 5% |
Canterbury [Temperature [2021:9.27 C
2022:9.27 C 2021:2.465 [2021: 3%1
DHB Rate 0022: 2.464 [2022: 3% 1

5.3 Ridge Regression

Ridge Regression model is chosen as it is ideal for
analysing small datasets. This is a method whereby the
independent variables are first reduced to their most
important data points, constituting a reduction of the
overall dataset, and are then normalised for correlation
within the variables themselves. This makes it a good
candidate for small datasets, as the data will be reduced to
a small size regardless of its initial state

airpollution . ) .//7 K—\
Lo
(. ) earthquakes () l/ . >
e 0.1196 ~—— \ — e
C: . /7 O rainfall @
= i 0.08927
O Q . ) C;) temperature

Figure 8. Pair Plots for Ridge Regression

Figure 8 shows pair plots for the ridge regression model,
which checks for collinearity within the independent
variables. The shape of the ellipse plotted between two
variables is an indicator of the overall shape of the graphed
data points, with a diagonally skewed ellipse representing
a linear relationship. As can be seen in Figure 5, variables'
air pollution' and 'rainfall' show a high level of relation,
likely due to rain washing particles and pollen from the air,
resulting in higher air quality [37].

Once calculated, this correlation between variables is
removed from the final dataset, allowing for clearer
visualisation of independent variable effects on the
dependent variable(s). Once fitted with data from all
regions across New Zealand, this ridge regression model
displayed an R squared value of around 0.7, showing a
relatively high accuracy for predicting mental health
outcomes based on environmental data. Figure 9 displays a
biplot built from this data, in which the x and y axes are
mapped to dimensions three and four, which the model
chose as the most well-fitted dimensions for visualisation
of the correlative relationship [38]. Factors graphed nearer
to the x-axis (dimension 3) show the highest level of overall
correlation between the independent and dependent
variables. In this case, Ridge Regression found that air
quality and rainfall were the most highly correlated
variables to the rate of patients seen for mental health
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services by DHBs. Conversely, temperature and
earthquakes were shown to be far less significant for
mental health-related DHB visits on a national level. The
shape of the ellipse indicates deviations in the data, with
the standard deviation around equal to the radius, in this
case around 0.05. This, along with the relatively thin shape
of the ellipse, shows a low level of outliers within the
dataset.

w0
o
o

Dim 4 (3419%)

015
1

0.10
1

Dim 3 (6.585%)

Figure 9. Pair Plots for Ridge Regression

6. Discussion and Conclusion

Several environmental factors were chosen for this
research which attempts to best represent the New Zealand
environment. It is evident that the relationship between
environmental and mental health factors is regional and not
national due to the many micro-climates that exist around
the nation. From the results, it was observed that the clients
seen by DHB services and suicide rates in the Wellington
region displayed similar trends when compared to the air
quality values. Results from the air quality time series
showed that there is a general increase up to 2019 before a
significant drop in 2020. Air quality was observed as a
good environmental predictor due to the analysed outcome,
which did not show a significant lack of fit, however, the
model used to predict mental health outcomes still required
improvement. Low values in 2020 are likely due to
decreased industrial activities resulting from the COVID-
19 lockdown. Further, reductions in air pollutants could
also be due to the government's announcement in February
2020 regarding the phasing out of high particle-emitting
wood burners. In addition, In March 2021, the Greater
Wellington Regional Council began to offer support for
homeowners in replacing wood burners located in
Masterton and Wainuiomata with heat pumps[39].
However, it is interesting to note that Wellington is the
least polluted capital city due to its extreme winds [40].
Thus, as some of these policies regarding air quality have
just come through in the last year, more research would be
required to understand if air pollution is a major contributor
to mental health.

Similar trends and accuracy were also observed between
the rainfall and mental health data in Hawke's Bay. From
the ARIMA model, it can be observed that compared to
2020 data, rainfall predictions showed an increase and thus
led to a lower percentage of clients seen by DHB services
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as well as lower suicide rates. It was also observed that the
ridge regression model, which used rainfall to predict
clients seen by DHB service, showed the highest accuracy.
Predictions are also limited regarding the rate of DHB
service use as the data was only available in an annual
format. If there was a higher level of data granularity in the
mental health data, then more solid comparisons could be
made with the environmental data sets, as many of these
are recorded daily. For example, if a particular month had
very heavy rain, and there were more or fewer people
seeing DHB services, then more justified comparisons
could be made. Low rainfalls in other months may cancel
out the months with higher rainfall, making it difficult to
form solid conclusions as the data is only available
annually. In addition, more data about the respondents
would also be helpful. For example, if there was
information about respondents being farmers, then the
correlation between Hawke's Bay and rainfall would show
a more justified connection.

In addition, mental health is a very subjective topic. The
same environmental factor may impact different people
differently, e.g., one may feel moody during a rainy day,
whereas another one may feel relaxed, peaceful and a good
time to have a nap on rainy days. People can experience
different types of mental health conditions, and the severity
can vary greatly. Others may experience mental health
issues but may not consult a professional for help. In
addition, there are many services available in New Zealand
to help with mental health illnesses, such as depression
helplines or other private services. Thus, clients seen by
DHB and suicide rates represent only two subsets of the
country's mental health data.

In future, the study can be further improved. 1) More
environmental factors could also be undertaken to find
more trends. This could include wind, snow or sunlight.
The analysis period could also be extended to 10 years to
capture more data and form stronger conclusions. 2)
multicollinearity analysis may be put forward for building
a stable regression model. 3) The study may incorporate
comprehensive hypothesis testing.

References

[1] Royal Society Te Aparangi. Human health impacts of
climate change for New Zealand: evidence summary. 2017.
https://www.royalsociety.org.nz/assets/documents/Report-
Human-Health-Impacts-of-Climate-Change-for-New-
Zealand-Oct-2017.pdf

[2] Prince M, Patel V, Saxena S, Maj M, Maselko J, Phillips
MR, Rahman A. No health without mental health. The
lancet. 2007 Sep 8;370(9590):859-77.

[3] Hayes K, Blashki G, Wiseman J, Burke S, Reifels L.
Climate change and mental health: Risks, impacts and
priority actions. International journal of mental health
systems. 2018 Dec;12(1):1-2.

[4] Kamimura A, Armenta B, Nourian M, Assasnik N, Nourian
K, Chernenko A. Perceived environmental pollution and its
impact on health in China, Japan, and South Korea. Journal
of Preventive Medicine and Public Health. 2017
May;50(3):188.

EAI Endorsed Transactions
on Pervasive Health and Technology
03 2022 - 07 2022 | Volume 8 | Issue 31 | e1



The associations between mental health and environmental factors in New Zealand: A region-based analytical study

(7]

(8]

(10]

(1]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

(20]

Patterson, R., Durie, M., Disley, B., Tiatia-Seath, S., &
Tualamali'i, J.. He Ara Oranga: Report of the government
inquiry into mental health and addiction. 2018.
https://mentalhealth.inquiry.govt.nz/inquiry-report/he-ara-
oranga/ (accessed November 3, 2021)

Helbich M. Toward dynamic urban environmental exposure
assessments in mental health research. Environmental
research. 2018 Feb 1;161:129-35.

Kim J, Kim H. Demographic and environmental factors
associated with mental health: a cross-sectional study.
International journal of environmental research and public
health. 2017 Apr;14(4):431.

Filipova, T., Kopsieker, L., Gerritsen, E., Brzezinski, B., &
Ramirez-Rubio, O. Mental health and the environment.
ISGlobal. 2020;
https://issuu.com/isglobal/docs/mental health and the en
vironment (accessed November 3, 2021)

Helbich M. Mental health and environmental exposures: An
editorial. International journal of environmental research
and public health. 2018 Oct;15(10):2207

Spittlehouse JK, Joyce PR, Vierck E, Schluter PJ, Pearson
JF. Ongoing adverse mental health impact of the earthquake
sequence in Christchurch, New Zealand. Australian & New
Zealand Journal of Psychiatry. 2014 Aug;48(8):756-63.
Humphrey, A & Rensin, P., Earthquake stress triggers
mental health issues. The Christchurch Press, 2015; p. A-11.
Mullan, B., Tait, A., & Thompson, C. Climate and life in
New Zealand. Te Ara - the Encyclopedia of New Zealand.
June 2006. https://teara.govt.nz/en/climate/page-4
(accessed November 3, 2021)

NIWA. Climate change and possible impacts for New
Zealand. National Institute of Water and Atmospheric
Research. July 2020. https://niwa.co.nz/education-and-
training/schools/students/climate-change/impacts-for-NZ
(accessed November 3, 2021)

Haenfling, C., Environmental Health Indicators
Programme. Vulnerability to climate change. [Factsheet].
2019; https://www.ehinz.ac.nz/assets/Factsheets/Released-
2019/ClimateChangeVulnerability-released032019.pdf
(accessed November 3, 2021)

Roche, N. ENVIRONMENTAL HEALTH. In Short
Textbook of Public Health Medicine for the Tropics, 4Ed
CRC Press. 2002 pp. 381-396. (accessed November 3,
2021)

WHO. Mental health of older adults. World Health
Organization. Dec 2017. https://www.who.int/news-
room/fact-sheets/detail/mental-health-of-older-adults
(accessed Feb 3, 2022)

Akkaya-Kalayci T, Vyssoki B, Winkler D, Willeit M,
Kapusta ND, Dorffner G, Ozlii-Erkilic Z. The effect of
seasonal changes and climatic factors on suicide attempts of
young people. BMC psychiatry. 2017;17(1):1-7.

Montazeri A, Baradaran H, Omidvari S, Azin SA, Ebadi M,
Garmaroudi G, Harirchi AM, Shariati M. Psychological
distress among Bam earthquake survivors in Iran: a
population-based study. BMC public health. 2005
Dec;5(1):1-6.

Clark KJ, Hayward BW, Cochran UA, Wallace LM, Power
WL, Sabaa AT. Evidence for past subduction earthquakes at
a plate boundary with widespread upper plate faulting:
Southern Hikurangi margin, New Zealand. Bulletin of the
Seismological Society of America. 2015 Jun 1;105(3):1661-
90.

McSaveney, E. Historic earthquakes. Te Ara - the
Encyclopedia of New Zealand. November 2017.

D EA

(21]

(22]

(23]

(24]

(23]

[26]

(27]
(28]
[29]
[30]
[31]
[32]

[33]

[34]

[37]

[38]

[39]

https://teara.govt.nz/en/historic-earthquakes
November 3, 2021)

Mullins JT, White C. Temperature and mental health:
Evidence from the spectrum of mental health outcomes.
Journal of health economics. 2019 Dec 1;68:102240.
Zhang X, Zhang X, Chen X. Happiness in the air: How does
a dirty sky affect mental health and subjective well-being?.
Journal of environmental economics and management. 2017
Sep 1;85:81-94.

NIWA. Overview of New Zealand’s climate. National
Institute of Water and Atmospheric Research. October
2020.https://niwa.co.nz/education-and-

(accessed

training/schools/resources/climate/overview (accessed
November 3, 2021)
GeoNet. GeoNet Earthquake FAQ. 2021;
https://www.geonet.org.nz/earthquake/faq (accessed
November 3, 2021)
GeoNet.  GeoNet  Earthquake  Intensity.  2021;

https://www.geonet.org.nz/earthquake/intensity (accessed
November 3, 2021)

Kounadi O, Lampoltshammer TJ, Leitner M, Heistracher T.
Accuracy and privacy aspects in free online reverse
geocoding services. Cartography and Geographic
Information Science. 2013 Mar 1;40(2):140-53.

IQAir. Empowering the World to Breathe Cleaner Air.
2021; https://www.iqair.com/us/blog/air-quality/pm10
(accessed November 3, 2021)

LAWA. Download Data. Land, Air, Water Aotearoa
(LAWA). 2020; https://www.lawa.org.nz/download-data/
(accessed November 3, 2021)

Stats NZ. PMio concentrations. Oct 2018.
https://www.stats.govt.nz/indicators/pm10-concentrations
(accessed November 3, 2021)

Stats NZ. Rainfall. Oct
.https://www.stats.govt.nz/indicators/rainfall
November 3, 2021)

Ministry of Health NZ. Annual Update of Key Results
2019/20: New Zealand Health Survey. 2020.
https://www.health.govt.nz/publication/annual-update-key-
results-2019-20-new-zealand-health-survey (accessed
November 3, 2021)

Watts, J., & Clark, K. Chief coroner releases annual
provisional suicide figures. Justice New Zealand 2020.
https://coronialservices.justice.govt.nz/assets/Documents/P
ublications/Chief-Coroner-Suicide-Stats-2020-Media-
Release.pdf (accessed November 3, 2021)

Ward, S., Meates, D., & Reriti, H. West Coast Health
System Improvement Plan - System Level Measures
Framework 2018-2019. The West Coast Alliance. (2018).
https://nsfl.health.govt.nz/system/files/documents/pages/20
18- 19 west coast _slm_plan.pdf (accessed November 3,
2021)

Kenny GP, Yardley J, Brown C, Sigal RJ, Jay O. Heat stress
in older individuals and patients with common chronic
diseases. Cmaj. 2010 Jul 13;182(10):1053-60.

Bedford R, Reid A, Milne B, Cormack D, Cope I, Cook L,
Kukutai T, Lumley T. Final report of the 2018 Census
External Data Quality Panel.

Beaglehole B, Mulder RT, Boden JM, Bell CJ. A systematic
review of the psychological impacts of the Canterbury
carthquakes on mental health. Australian and New Zealand
journal of public health. 2019;43(3):274-80.

Khanna, P. The effect of rain on air pollution. AQI India.
2020. https://www.aqi.in/blog/effect-of-rain-on-air-
pollution/ (accessed November 3, 2021)

2020
(accessed

EAI Endorsed Transactions
on Pervasive Health and Technology
03 2022 - 07 2022 | Volume 8 | Issue 31 | e1





