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Abstract

The New Zealand health system is data-rich, information-poor, and intelligence meagre. However, there is widespread
confusion about the definitions of these terms, so they are often used synonymously. Like many jurisdictions, we con-
tinue to collect and collate vast quantities of data at an increasing rate. Many tools are available to “analyse” the data
deluge with the false expectation that “intelligence” will be produced. Naively, such a data-driven, machine-analysed
paradigm is often thought to produce the “evidence” for decision-making and policy development. Continuing such a
blinded approach poses potential health risks to New Zealanders and remains a major impediment to improving our
health status

Creating intelligence from information involves humans (perhaps in concert with Al) utilising their interpretative abili-
ties, asking the “so what, “what does it mean”questions, and employing their communication skills to disseminate the
answers. To move from information to intelligence requires agencies to employ, develop and maintain a sufficiently
skilled workforce over a long period, rather than the quick and easy investment in more and faster machines and
software.

Only through a human-driven evaluation of intelligence-based decisions and policies will our knowledge about the
environmental health system increase and ultimately yield better health outcomes.

Environmental Health Intelligence NZ (EHINZ) provides intelligence as evidence for decision-making and policy devel-
opment in environmental health. It is based on the interpretation, communication, and dissemination of information
from the surveillance more than seventy environmental health indicators (EHIs) across twelve domains (e.g., air and
water quality, climate change), exposure to hazardous substances, and social vulnerability indicators to environmental
hazards (e.g., flooding, climate change, sea-level rise, wildfires, heat waves).

The paper details our approach, with two case studies, in providing the NZ health system with “intelligence for envi-
ronmental health decisions!
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Like many jurisdictions, the New Zealand health sys-
tem is rich in data, poor in information, and meagre in
intelligence. Data of variable quality continues to be col-
lected and collated at an increasing rate. As evident in the
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COVID-19 pandemic, many tools are available to people
with various skills, experience and knowledge to “ana-
lyse” these data at great speed and with increasing levels
of sophistication. A proliferation of models, dashboards,
and other visual aids (eg, graphs, tables etc.) have been
developed for analysis and data visualisation. Mistakenly
assumption is that such a data-driven, machine-analysed
paradigm will produce the “intelligence” or evidence used
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for decision-making and policy development. Only infor-
mation, not intelligence, will be produced from data anal-
ysis irrespective of its creativity and complexity.

Continuing our blinded, outdated and naive approach
to “intelligence” poses potential health risks to New Zea-
landers and remains a major impediment to improving
our health status.

High-quality, valid data are and will continue to be the
critical bedrock of health system information and intelli-
gence. However, many of these data are not only of vari-
able quality and more critically untouched by machines
and human thought. Data of dubious quality should be
disregarded or cease to be collected. In keeping with the
concept of “garbage in, garbage out’, high-quality, sophis-
ticated analysis of low validity data makes a meaning-
less contribution to a health system. In times of limited
resources and increasing demand for health services,
decision-makers and policy developers need to use intelli-
gence-based evidence. Creating intelligence from informa-
tion involves humans (perhaps in concert with Al) utilising
their interpretative abilities, asking the “so what, “what
does it mean” questions, and employing their communi-
cation skills to disseminate the answers. The latter is often
a step too far for many agencies, as it requires employing,
developing and maintaining a sufficiently skilled workforce
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over a long period, rather than the quick and easy invest-
ment in more and faster machines and software.

Only through the human-driven evaluation of intelli-
gence-based decisions and policies will our knowledge
about the health system increase and ultimately yield bet-
ter health outcomes.

Environmental Health Intelligence New Zealand
(EHINZ), established at Massey University in 2009, is pri-
marily funded by the Ministry of Health to provide “intel-
ligence on environment health for public health action”
Its purpose is not data collection but to analyse health-
related data, interpret the results of academic research
and communicate and disseminate the intelligence
through various channels (e.g., websites, factsheets,
social media and newsletters).

The EHINZ programme provides added-value intelli-
gence through:

« the surveillance and interpretation of trends in health
outcomes linked to environmental hazards and expo-
sures to identify changes over time and identify any
emerging issues

comparing and interpreting the environmental health
status of geographic areas and population groups
(e.g., age, gender, ethnic group and socioeconomic
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Energy consumption by fuel type and
sector

This Factsheet presents information about the total energy consumed in New Zealand by fuel type and sector. It describes changes in
energy use over time for the main fuel types {oil, gas, coal, renewables, and electricity) and and energy consuming sectors (domestic
transport, industrial, residential, commercial and public services, and agriculture, forestry and fishing). For background information,
please visit our website.

In 2020, New Zealand consumed 7.4% less energy than in 2019, likely due to COVID-19 pan-

demic restrictions on economic activities and travel.

Energy consumption in the residential sector was the highest since 2009, most likely as people
were spending more time at home during and after COVID-19 lockdowns.

The domestic transport and the industrial sector energy consumption decreased during the
second quarter of 2020, likely due a national COVID-19 lockdown.

The amount of energy used per capita in the residential sector decreased, which is likely driven
I by more energy-efficient designs and a more energy sustainable use.

0Oil was the most common fuel type used in New Zealand between 1990 and 2020. It was the
o‘l dominant source of energy consumed in the biggest energy-consuming sector, the transport
sector, providing 99.8% of that sector’s energy needs in 2020.

Fig. 2 Mean annual temperature anomaly in New Zealand, 1909-2018 (anomaly from the 1981-2010 average temperature across New Zealand)
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Source: NIWA ('Seven-station' temperature series)
Note: Red bars show a positive difference and blue bars show a negative difference from the 1981-2010 average temperature (Climate Normal Period) across New Zealand.

Fig. 3 Indicator-specific factsheet/report, Energy consumption (an indicator in the climate change domain)
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Social vulnerability indicators for flooding in Aotearoa/New Zealand: Porirua case study

Overview About Porirua Exposure Children Older adults Health & disability

Children

Children and young people - overview

Children and young people are vulnerable to the impacts of a
flood. They rely on adult caregivers to protect them during a 0
flood. They are also more susceptible to the health impacts of
floods.

Reasons for children and young people's vulnerability to floods
include:

« Babies and young children rely on adult caregivers to
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Fig. 4 Screenshot of the StoryMap for social vulnerability indicators for flooding, point locations in the children dimension and flood hazard zones
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} Children and young people - overview

Young children (0-4 years)

Young children rely on adult caregivers to protect them during a
flood, and to move them out of harm's way. They are also more
susceptible to the health impacts of floods, including drowning,
infections, diarrhea, gastrointestinal disease (which can lead to

dehydration), and psychological impacts.

Early Childhood Education Centres (ECEs) are also vulnerable
locations, as they have large numbers of children on site during

} Children and young people (0-14 years)

Social vulnerability indicators for flooding in Aotearoa/New Zealand: Porirua case study
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Fig. 5 Screenshot of the StoryMap for social vulnerability indicators for flooding, population data in the children dimension
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deprivation) with a focus on vulnerable populations
to identify where targeted action is most needed

« the surveillance and interpretation of the effective-
ness of policies and other interventions on environ-
mental health, and highlighting good local practice

+ raising awareness about environmental health
issues, as well as gaps and limitations in environ-
mental health surveillance

+ helping to initiate further investigations into the
links between the environment and health.

EHINZ has under surveillance more than seventy
environmental health indicators (EHIs) across twelve
domains (e.g., air and water quality, climate change),
exposure to hazardous substances, and social vul-
nerability indicators to environmental hazards (e.g.,
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Social vulnerability indicators for New Zealand (2013 Census data)
Explore social vulnerability indicators for New Zealand. These indicators show areas with people who are more vulnerable to the negative impacts of natural hazards.
e ) huthoty Heatmap of social vulnerability indicators - percentage of the population/households (%)
Older adults Social connectedness
Choose social vulnerability dimensions (1-3 max) Households New to
Population (counts) with anolder Living inrental neighbourhood Single parent Single person
Areaunit2013 Sstyears  75hyears;  SSRYOMS  i(est) h:us.ng g(pas: 2 Nbield  oseo
living alone months)
Adelaide 17 9.4 56 3.0 71.0 52.7 31 220
los Aro Street-Nairn Street 5.4 21 0.4 86 72.7 52.6 5.4 319
Awarua 88 25 03 5.8 222 18.4 5.6 19.7
hazard Berhampore East 7.4 3.0 15 7.2 532 27.7 104 304
Berhampore West 143 88 39 107 58.3 29.2 10.2 30.7
Brooklyn 7.1 27 09 53 38.7 26.2 5.5 244
Brooklyn South 7.3 29 48 328 209 115 15.2
Churton Park North 9.2 34 0.8 3.0 139 153 6.0 89
Churton Park South 89 29 0.6 55 237 163 B 19.0
Crofton Downs 103 37 10 6.7 246 196 6.7 20.0
Choose map indicator Evans Bay Marina 429 0.0 0.0 60.0
65+ years Glenside North 6.0 34 6.1 511 327 104 286
Greenacres 83 25 06 41 139 136 83 118
Area units by selected map Grenada North 7.8 57, 36.4 17.6 147 171
indicator Grenada Village 5.0 12 24] 234 210 8.4 139
Happy Valley-Owhiro Bay 81 46 21 40 31.2 188 83 16.6
Hataitai North 6.6 24 0.4 35 445 276 55 216
Horokiwi 6.7 136 105 87
Island Bay East 102 43 10 6.1 304 17.3 8.7 19.6
Island Bay West 8.2 32 10 66 316 198 7.4 219
/J Johnsonville Central 10.7 il 12 7.2 453 237 7.6 25.0
aa’ Johnsonville East 105 40 12 5.8 333 284 7.6 240
/’ Johnsonville North 105 32 06 83 291 19.8 7.5 215
( Kaiwharawhara 83 29.4 318
e Karaka Bay-Worser Bay 133 5.4 15 86 253 179 6.0 195
K Karori East 15.0 86 39 9.7 198 187 55 19.7
& MAsSEY
& A
— 55 276  NNGRSTY OF NEWZEALAND
Fig. 6 Screenshot of the Data Explorer tool for social vulnerability indicators for flooding, children dimension

flooding, climate change, sea-level rise, wildfires, heat
waves).

Various data visualisation tools disseminate our
health intelligence to a wide range of stakeholders and
clients. Interactive domain-specific dashboards and
indicator-specific factsheets are available throughout
the website (www.ehinz.ac.nz). For example, the dash-
board for the climate change domain displays temper-
ature, and rainfall data, together with several health
effect indicators (Fig. 1) at the territorial authority
(TA) level. As part of the climate change domain, the
energy consumption indicator data are presented at
the national level in an interactive indicator-specific
factsheet (Fig. 2) using ArcGIS and InstantAtlas soft-
ware packages [1, 2]. Flourish, a web-based data visuali-
sation tool, has been used to show New Zealand’s mean
annual temperature anomaly, 1909-2018 (Fig. 3) [3].

Healthspace (www.healthspace.ac.nz) allows users to
explore the EHIs and other topics through interactive
dashboards and local area reports. Again, we use ESRI’s
ArcGIS and InstantAtlas to manage large datasets and
publish detailed area profiles and easy to understand
dashboards. The dashboards and local area reports
can display data from various sources at different geo-
graphic levels. Topics include: environmental health

data (e.g., air and water quality, border health, climate
change, population vulnerability, alcohol-related harm),
hospitalisations, cancer registrations, mortality, notifi-
able disease notifications, the New Zealand Health Sur-
vey, the national Census of Population and Dwellings,
and motor vehicle registrations.

By employing a variety of visualisation tools and
interpretating the results, EHINZ can effectively com-
municate and disseminate environmental health intel-
ligence to stakeholders and clients to benefit the health
of New Zealanders.

Case study 1 - social vulnerability indicators

EHINZ developed a set of social vulnerability indicators
(SVIs) to identify where people in Porirua City Coun-
cil area were most vulnerable to the negative impacts of
floods (URL: http://www.ehinz.ac.nz/projects/social-
vulnerability-indicators/). We were able to identify
those areas where people may be less able to anticipate,
prepare for, cope with, and recover from a flood. The
SVIs included various spatial data such as population
data, flood hazard zones, and point locations relating
to vulnerable populations (ie, schools, aged care facili-
ties, and health care facilities). ESRI's ArcGIS Story-
Maps was used to visualise the data, which efficiently
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Fig. 7 Thematic map of alcohol license density, by area unit, in Timaru

combines interactive maps (or other content, such as
images, videos, or graphs) and short narratives to illus-
trate spatial relationships and tell a compelling story [4]
(Fig. 4). Indicators were presented for each dimension of
social vulnerability (eg, children, social connectedness,
safe housing, etc), with a rationale about why they are
essential for social vulnerability. Figure 4 is a StoryMap

screenshot displaying the locations of schools, early
childhood centres (ECE) and potential flood hazard
zones, which aids in identifying schools and ECE that
are more at risk from flooding. The interactive map pro-
vides vital information for possible evacuation efforts on
the type of school and Early Childhood Centres, and the
number of children enrolled. Other maps in the children
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dimension display the number and percentage of chil-
dren (0—4-year-olds, and 0—14-year-olds) by meshblock
(MB, the smallest geographic unit for which data is col-
lected and processed by Stats NZ) in the Porirua City
area (Fig. 5).

The Data Explorer tool using Tableau [5] (Fig. 6) dis-
played the SVIs at the national level in interactive tables
and heatmaps at various geographic levels. The heatmaps
can effectively show areas with higher or lower vulnera-
bility to flooding and summarise the indicators across all
dimensions of social vulnerability.

In 2020, the project was expanded to incorporate social
vulnerability indicators to other natural hazards as well
as pandemics (URL: http://www.ehinz.ac.nz/indicators/
population-vulnerability/social-vulnerability-to-natural-
hazards/).

Case study 2 - identifying alcohol hotspots
At the request of several local councils, we were able to
produce maps of the density of licensed premises where
alcohol is served. With these maps, client agencies can
quickly identify hotspots of high licence density or con-
centrations of a particular type of licence and use this
information to inform alcohol-related policy or public
health interventions by highlighting where the effects
of alcohol are likely to be most keenly felt.

We use two styles of mapping using ArcGIS Pro [1]
to present the information:

Thematic maps, which show the number of licences
per 1,000 adult residents of area units (AUs) within
the area of interest (Fig. 7). While these maps effec-
tively communicate the relationship between the
number of people and licences in specific areas,
they are less effective at communicating the con-
centration of alcohol outlets across space.

For this reason, Kernel density maps are also used,
the better to show the concentration of the licenced
premises themselves (Fig. 8). This helps distin-
guish areas that have a high per-population density
because they contain a large number of licences
from those that have one because of a small popula-
tion - compare the Redruth area unit in Fig. 7 to the
same area in Fig. 8.

Perhaps more importantly, the kernel density maps
do not constrain themselves to defined geographical
areas as many other maps do. This is a useful trait in
this case, because residents of a given AU are unlikely
to be affected only by the presence of alcohol outlets
within the borders of their own AU.
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