
GIS techniques in health 

research and policy – DAY 1

Day 1, 16 February 2026

Te whakamahi GIS (Pūnaha Mōhiohio
Matawhenua) i roto i te rangahau
hauora



Welcome announcements

• Useful information (in-person courses)

• Orientation – bathrooms, lunch & refreshments

• Website materials 
(www.spacehealthandcommunitylab.org)
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Emergency Evacuation
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Welcome announcements

• Keeping to time 

• Evaluation forms

• Certificates of attendance

• Special room requirements - computer lab

• Introductions
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Considering postgraduate study?

• Talk to us about the options available at our
3 campuses: Wellington, Christchurch, Dunedin

• Certificate in Public Health

• Diploma in Public Health

• Master of Public Health

• PhD 

• To find out more, ask at the registration desk 
or visit otago.ac.nz/publichealth
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Academic Journey
From Pacific Northwest to New Zealand to the Great Lakes

PhD

University of 

Laid the foundation in geospatial analysis and 

environmental health, developing expertise in spatial 

statistics and exposure assessment methodologies.1

Postdoc

University of 

CanterburyDeveloped the Vertical Visibility Index (VVI), began 

pioneering work with Google Street View for neighborhood 

neighborhood assessment, focus on urban resilience.

Research 

Fellow

University of Otago
Expanded research program integrating GPS, wearables, 

and population-wide analyses. Advanced mult i-sensor 

approaches for comprehensive exposure assessment.

Personal 

Journey

Met husband and transcontinental move to Michigan, 

where our daughter was born on the 10-year 

anniversary of the Canterbury earthquake—a poignant 

poignant reminder of how place, health, and 

intersect.

From foundational training in 

spatial analysis 

to pioneering novel exposure 

assessment methods

Methodological innovation 

addressing crit ical gaps in 

environmental health research
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Professor

Michigan State University
Lead large teams, longitudinal and experimental studies, 

developed best practices for integrating GPS, wearables, 

and soundscape mapping. Funded research on 

neighborhood exposome across Michigan (100 years).
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Measuring Geospatial Exposures

Move through environments and exposures

Viewshed and soundscape mapping to assign exposures

Develop and validate algorithm for determining time (and locations) spent outdoors using GPS + accelerometer data



Measuring Geospatial Exposures
Understand and quantify behaviors using wearables

Refine best practices for use of GPS in health research

Develop tool for linkage of wearable data [in progress]



Measuring Geospatial Exposures
Measure changing environments and neighborhoods over time – not static!

Compare static (residential location) versus activity space exposures and health

Understand and quantify historical neighborhood processes



Programme

11

Time Session 

9.00 am S1: Welcome & Overview

9.30 am S2: Data types, sources, units, map basics, storage, 

geodatabases

10.30 am Morning break

11.00 am S3: Overview of ArcGIS Pro

11.45 pm Tutorial 1 – making a map

12.30 pm Lunch break

1.30 pm S4: Creating spatial data

1.45 pm Tutorial 2 – geocoding

2.15 pm S5: Geographic definitions & techniques

3.00 pm Afternoon break

3.30 pm S6: Defining neighborhoods, applications & health ethics

4.45 pm Discussion/questions

5.00 pm Finish



Welcome! Haere mai!

• Goals for today, to:

• Understand what spatial data are and where to 
find them

• Explore map making

• Think of ways to apply these tools and spatial 
thinking to the work you already do

• Consider the power of maps and ethics in our 
health research

• Provide resources for further learning and data
12
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• ArcGIS Pro

• Excel

• R coding (optional)

Software used in the course



Section 1: Overview
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Location

• Fixed, measurable point on the earth’s surface
• Census area unit, address, coordinates of lat & long

• 23 Mein Street, Wellington 6242

• 4042’42”N, 7400’45”W
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http://rds.yahoo.com/_ylt=A0S020wfjjFKm1IAu_2jzbkF/SIG=12mejpaul/EXP=1244848031/**http:/www.portcities.org.uk/upload/img_400/longitude_latitude.gif


Scale

• The level of resolution with which we view the 
world

• Definitions of these vary widely
• Body
• Household
• Neighbourhood
• Community
• Village
• City
• Region
• Nation
• Globe
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Scale – socio-ecological model of health
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Importance of scale
• You might want to know about children’s exposure 

to gambling outlets in their neighbourhood.

• How do we define ‘neighbourhood’?

• What is the appropriate scale? 

• Meshblock? 

• Census area unit? 

• SA1? 

• SA2? 

• 500m around home? As the crow flies? Along the 
footpath?



What is GIS?

• Geographic Information System

• Both graphical display of spatial features and 
underlying tabular data about those features

• Most commonly – ArcGIS/ArcPro software (ESRI)

oBut other free software (TBD)
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What is GIS?

• A way of using location information to:

• Record and store information

• Display 

 Present information and communicate 
findings

• Measure spatial relationships
 locational distributions and spatial patterns

 geographic covariates

20



Example uses of GIS 

• Examine trends in influenza over time

• Early warning signs of water-borne outbreak; or 
predictions for the future

• Air pollution exposure estimation

• Demonstrate health inequalities across 
Aotearoa/New Zealand

21



Record and store information
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Record and store 
information

23
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Analyse location and patterns - Day 2

• 1854 - London

• Cholera outbreak

• Unknown source

• Mapped locations 
of patients & water 
pumps

• Intervention
24



Generation of geographic covariates -
Day 2

• Key concept: where we live, work and play affect our 
lives and our health

• We often extract information from GIS to be used in 
other software programs for statistical analyses (eg, 
regression modeling)

• This gives us information about places or spatial 
patterns

• Helps us characterise exposures or 'dose'
25



Generation of geographic covariates
• As epidemiologists or public health practitioners

• We often think about exposures at the individual-level 
(eg, genetics, behaviour)

• GIS helps us assess exposure for individuals at larger 
scales (eg, air pollution) 

• Based on where they live, work, attend school

• Based on where they spend their time (GPS tracking 
data)
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Generation of geographic covariates
• Generate variables which describe: 

• Neighbourhood context
• Work environment
• Exposure to environments (built, physical, social)

• Variables are then used to: 
• Assess exposure (assign to individuals or to areas)
• Assess health (usually to areas)

• Variables used in regression analyses, for example:
• Land use regression to predict air pollution
• Access to greenspace and depression
• Neighbourhood walkability and CVD

27



Geocovariate example 

• Exposure to 
"greenery"

• Is it beneficial for 
mental health?

• How do we 
measure 
exposure to 
greenery?

28



Geocovariate example

• Exposure to "greenery"

• Satellite data (NDVI)

• Static

• Use home location, buffer 
of school, city of birth 

Average 
NDVI for 
buffer: 
0.129

KB
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Geocovariate example

• Dynamic

• Use GPS points to 
assign exposure

• Google Street 
view image for 
each GPS point

• Calculate green 
pixels

KB
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300 City parks

5,000 acres of parkland

5 parks >100 acres

>25 sq. miles vacant land 32
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Nature-based intervention
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Intervention involved:

Removal of turf grass, litter, 
and broken cement
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Intervention involved:
Planting native species
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Intervention involved:

Installing trails, benches, 
and signage
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Intervention involved:

Engagement activities 
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We measured how park restoration increases physical activity, 

lowers stress and improves cardiometabolic outcomes in Detroit. 
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Participant recruitment
• Selected all ‘community open space’ parks –

located in higher vacancy areas of Detroit

• “Restored park neighborhoods”, n=4

• “Other neighborhoods”, n=7

• Recruited participants that lived within the 
‘neighborhood’ (500 meters)

District Number of neighborhoods

3 1

4 1

5 7

6 2
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Data collection

Participant recruited 

at home

Day 1 Day 7

Participant wears 

belt, completes 

survey, saliva 

samples, finger prick

Van shuttles participant to health 

appointment at MSU Detroit 

Center, returning belt, survey, 

saliva samples, dried blood spots

May to October 2019-2023
2020 and 2023 no recruitment

41



How we used GIS

• Static measures

• Dynamic measures

• GPS unit on people

42
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Static geocovariates (exposures near home)

NDVI

# Parks

# unmaintained parks

# StAND parks

Distance to StAND park

Social Vulnerability Index

% area zoned park, industrial, & agricultural

# vacant lots

Poverty

Crime

Length of roads

View of greenery & view of park

Tree coverage

Dynamic geocovariates (rely on GPS data)

Time spent in/outdoor by activity mode (e.g., 

sedentary, light, moderate, vigorous) 

Time spent in park

Time spent in StAND park

Points in vacant lots

# of vacant lots encountered

# of abandoned houses encountered

Tree coverage encountered



How we used GIS

43
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What we found
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What we found
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• 4.5 more minutes/day in MVPA

• Insignificant, but trending toward benefits for “Green PA” 



What we found
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• On average, participants in neighborhoods with 
restored parks spent ~30 more minutes per day 
(8 hours) in physical activity!

• This was not found in other neighborhoods.

• We will learn about opportunities for action in 
your neighborhood today



Present information and communicate 
findings - Today

• Percentage pop.

• Hues to show 
varying levels

• Geographic 
inequality in access 
to safe water

KB
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Present information and communicate findings 

• Dunedin Study

• Does childhood greenery 
influence adult mental health?
o Satellite derived greenery

oAnonymized home locations via 
grid cells

oParticipants exposed to differing 
levels of greenery; those in 
rural/remote areas tend to be 
exposed to more vegetation

48
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Cartography as communication 

• Maps - a form of visual communication

• Using resources: colour, shape and pattern to 
communication spatial info and relationships

• Must pay special attention to:
• Coordinate systems
• Projections
• Scale and direction
• Sensitive data

• Graphical abstracts
KB
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Section 2: Data types, sources 
and units, storage, 

geodatabases, map basics
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Potential spatial data

• Health - eg, cancer incidence, COVID infection rate, clinic locations

• Social - eg, volunteerism, deprivation of neighbourhoods, 
demographics

• Environmental - eg, UV radiation, air pollution, greenery 

• Built - eg, airports, fast food outlets, sidewalks

KB
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Data types

1. Vector data - point, polygon or line
2. Raster data – satellite images, pixels containing data

Polygon –
Census Area 

Unit

Point – Address 
location

Line – Road 
network

KB
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Data types – Vector data

Polygon –
Census Area 
Unit

Point – Address or 
x,y location

Line – Road networkKB
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Data types – Raster data
Raster data – satellite images, pixels containing data

Polygon –
Census Area 

Unit

Point – Address 
location

Line – Road 
network

KB Source: EROS for USGS
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Data sources

1. You can create spatial data
• GPS unit/mobile phone/Field Maps
• Google earth or Google Street View
• Geocoding address data TODAY

2. You can obtain existing data BONUS
Shapefiles or raster files

3. You can link tabular data to spatial data BONUS

KB
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GPS devices

• Global positioning system (GPS)
• Satellite navigation system
• Started for military purposes
• Primarily maintained by governments

• Private market is growing: Starlink and Blue Origin

• GPS receiver calculates position by timing signals sent by satellites 

• Uses distance between satellites – usually 4+

• Satellites continually transmit
• the time the message was transmitted
• satellite position at time of message transmission

KB
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GPS devices

• Common types – often worn on a belt, or wrist

57
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Research example – KIDS CAM

• Children may be influenced by harmful 
advertising
• Gambling, alcohol, unhealthy foods

• Where and how frequently they are exposed is 
unknown

• If we know more about the contexts where 
children are exposed, we may be able to develop 
policies to reduce that exposure
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Research example – KIDS CAM

• Automatic camera + GPS device

• Children frequently exposed 
through: 
oproduct packaging, signs, 

merchandise, vending 
machines, TV and electronic 
media and in-store marketing  

• In school:
o journey to and from school, in 

the home, and at convenience, 
fast food stores, and 
supermarkets
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Research example – KIDS CAM

• WEI’s findings

60



Google earth – GSV/Mapillary

• Can see features from above (satellites)

• Or at street-level

• And mark the locations of features or conduct audits 
remotely

• Can then be used in GIS to conduct analyses or 
generate maps



Google earth – GSV Example
• Loads of recent uses of GSV in health research

• Systematic review of GSV in health research (n=54):
• 7% used GSV for sampling
• 82% for exposure assessment
• 11% for health policy monitoring
• 65% utilized a checklist approach to virtually auditing 

the built environment for features linked to health
• injury, alcohol and tobacco use, physical activity and 

mental health
• Most studies reported considerable benefits of GSV, 

when compared to non-virtual methods, via the 
reduction of research time and costs 

• Reading



GSV example- LAND

• Goal: assess level of maintenance and care of lots/parcels within 
neighborhood – signs of disorder = mental health

• Use GSV to conduct virtual audit

• "Walk" street segments and code each lot

Source: Shewark et al., 2024 63



Source: Shewark et al., 2024 
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GSV restrictions & alternatives 

• GSV has (as of 2024) 
restrictions/limitations on 
use of their data

KB



GSV restrictions & alternatives
• Alternatives do exist and are predominately crowd-

sourced imagery

Left: Examples 
of images 
available on 

Mapillary

Right: Examples 
of images 
available on 

KartaView

KB



Research example – Neighborhood audits
• Audit neighborhood built conditions in FieldMaps

KB
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Example - Google Earth Engine

• Repository for large spatial datasets

KB



Data sources and software overview
***refer to course book

• Statistics New Zealand 

• Interactive boundary maps (koordinates.com)

• Various files (in ESRI format) from other websites

• Software choices
• ESRI ArcGIS: industry standard for display but also many important analytical 

capabilities (license fee)
• SaTScan: Cluster analysis software (free)
• R: has packages for spatial analysis and geocoding (uses google earth)
• MapInfo: (license fee) 
• QGIS: (free)
• GeoDa: good for geographic regression, autocorrelation analyses (free) 
• Stata 13 onwards: programs/commands designed for mapping. A worked example 

with data on my website.
• Google: for GSV images (currently free) or geocoding (free up to 10,000 callouts IP 

address/day – but have to register a credit card with Google :/) 69



Units and scale
• Point

• Polygon

• Line

• In New Zealand….used to be

• Meshblock

• Census area unit (CAU)

• Territorial authority (TA)

• District Health Board  (DHB)

• Updated with 2018 Census

70



New statistical geographies

• SSGA18 has been updated with new concepts and definitions, international 
compatibility

• Now SSGA23: https://www.stats.govt.nz/methods/statistical-standard-for-geographic-areas-2023/

• No census 2030 (last one 2025)

• Meshblocks: 30–60 dwellings (containing approximately 60–120 residents). 

• still fundamental ‘building block’

• New statistical geographies:
• Statistical area 1 (SA1): ideal size range of 100–200 residents 

• Statistical area 2 (SA2): 2,000–4,000 residents (city) / 1,000–3,000 residents (district)

• Statistical area 3 (SA3): range of population sizes

• Urban rural (UR), including
• Functional urban areas (FUA)
• Urban accessibility (UA)

71



72

Area Units / Domicile 
Codes



Longitudinal work

• Even before this change…

• Need to harmonize units (to larger unit)

• Or possibly use concordance files:
• http://archive.stats.govt.nz/browse_for_stats/Maps_and_geography/Geographic-

areas/geographic-area-files.aspx

http://archive.stats.govt.nz/browse_for_stats/Maps_and_geography/Geographic-areas/geographic-area-files.aspx
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Meshblocks
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Example boundary 
harmonization over time

76

• Geographic boundaries of CAUs 
changed 1991-2006

• N CAUs 1637 (1991) to 1784 (2006) 

• Some CAUs were split into two (due 
to population increases)

• To obtain a repeated cross-sectional 
dataset with the same spatial units 
throughout the period, we
• harmonised geographic boundaries by 

aggregating contiguous CAUs which 
were split at some point after 1991



Boundary harmonization workaround

• To avoid challenges with 
changing boundaries, can 
choose to use new 
geography – grid cells

• Select a cell size (e.g., 
1km), overlay data, then 
set rules for how to 
transfer values from 
original geography to grid

77
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100%

More 
complicated, 
need clear rules



Boundary harmonization workaround

• Example: assigning RUCA codes to grid cells

• Establish rules:

 If >50% of cell is one RUCA code— assign that value

If none >50%, and the cell HAS a code 1,4, 
or 7— assign that value

If none >50% and no code 1,4, or 7, assign 
value of RUCA code with maximum land 
area

78



Storage of geographic data

Shapefiles

WellingtonTA

Porirua.shp

Porirua.shx

Porirua.dbf

LHutt.shp

LHutt.shx

LHutt.dbf

• Shapefiles are stored in three to five files 
(with extensions .shp, .shx, .dbf, .sbx and .sbn)
• Shapefiles allow features to have multiple, 

disconnected, intersecting and overlapping 
components

• Vector data is stored as individual  
shapefiles or feature classes within a 
geodatabase 

• Raster data is stored as .tiffs, .jpgs, or 
other image formats, and can be stored in 
a geodatabaseKB
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Geodatabase (.gdb)

• Three types: Personal, File 
and Enterprise

• Container for multiple data 
types 

• Raster

• Vector

• Tables

• Tools and more

Windows 
view of 
geodatabase

KB
80



Geodatabase (.gdb)

• Replaces shapefiles

• GDB as primary storage

• Scaleable- single user to 
multi-user/editor

• Allows for data validation 
(tools for validation 
analyses in geodatabase)

Windows 
view of 
geodatabase

KB
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ArcPro Geodatabase example

ArcCatalog: 
Organise, manage,  
examine, edit, find 
geographic datasets

View data 
(like Windows Explorer)KB
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Map basics 

• What is the goal of the map?

• Who will read the map?

• Where will the map be used?

• What data are available for the map composition?

• What resources are available?

KB
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Basic elements of map composition

• Generalisation & simplification
• How much to simplify situation depicted?
• How to symbolise the relationships represented?
• Variable representation – hue, shape, size, orientation, 

spacing
• May depend on data - nominal, ordinal, Interval, ratio 

• Defensible reason for each element

• Map layouts, printing, format of final product

KB
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Basic elements of most maps 
• Distance or scale

• Direction

• Legend

• Sources of info/processing method

KB
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Elements which depend on purpose

• Title

• Labels

• Projection

• Cartographer

• Date of production

• Locator or inset maps

KB
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Coordinate systems and projections

• We will not cover all aspects.

• Geographic coordinates help us assign a location to a 
point (e.g., latitude, longitude)

• This is like seeing the earth as a 2-D flat piece of 
paper

• If we want to account for the earth’s curvature -
projected coordinate system.

• However, all projections distort map properties 
(which is why there are so many; to reduce bias in 
some places, bias in other areas are increased).

KB



Checking a coordinate system

• Checking/setting coordinate system

• You can always right click a dataset title in the 
Contents window 

• Properties
• Source Spatial Reference

• You will be re-projecting in Tutorial 1 – detailed instructions

KB



Base maps

• You have data of interest to your 
research question or public health 
issue (fast food outlet locations or 
brain cancer incidence)

• But the audience needs background 
spatial reference points or features

• Base maps (in ArcPro tutorial coming 
up)

• Morning tea!
KB



Section 3: Overview 
of ArcGIS Pro

90



Overview of ArcGIS Pro

• Opening program

• Key features

• Adding data

• Opening attribute tables

• Changing symbology

• Exporting map

91



Getting set up

• Directories – data location

• Data access after the course – my website

92



Opening ArcGIS

• Go to Programs
• Select ArcGIS Pro

• Click “Map”
• Choose name and 

place to save it

93



User Interface

94



User Interface

95



Help files

96



Adding data - .shp files only

• Shapefiles are actually sets of 5-
7 files with different suffixes

• Click on the Map tab, then click 
“Add Data

• Navigate to working folder

• Select Auck_CAU_polygons.shp

• Data are added using default 
symbols, which you can modify 97



Adding data 

• Connecting to the right folder can sometimes be 
tricky….

• Folder on desktop or flashdrive

• Watch as I do it now…

98



Looking at the attribute table

• Right click .shp name

• Click Open Attribute Table

• Now you can see all the 
data for each geographic 
unit (in this case polygons)

• You can highlight a row and 
the map will highlight the 
relevant CAU

• Here you can also add a 
column or make new 
variables and calculations

99



Changing symbology

• Right click the shapefile name in the Contents window

• Select Symbology

• In the Symbology window 
click on the coloured box next to “Symbol”

• Change the colour and click “Apply” when you’re
done

100



Changing symbology

• Display census area units in varying colours, 
by their area
• Re-open the “Symbology” window. 
• Click on “Primary Symbology”

• Choose “Graduated Colors” from the dropdown 
menu

• Click the “Field” dropdown menu
• Change to “AreaKM”

• Have a play with: 
• number of groups

• method of choosing groups

• colour scheme graduated colours

• Click Apply and Ok 101



Making a map
• Change to layout view

• Select “Map Frame”

• Select generated map scale option

• Click “Zoom to Layer”

• Use mouse to draw map frame

102



Making a map

• Add a title, scale bar and legend

• Go to Insert, “Dynamic text”

• Select “Name (Map Frame)”

• Use mouse to click & drag to 
draw a text box

• Double click “Text 1” 

• Name the map “Auckland 
Census area units”

103



Making a map

• Add a scale bar and legend
• Go to “Insert” and select “Scale 

Bar”
• Go to “Insert” and select 

“Legend”
• Start with option “A” and use 

mouse to draw it on the 
layout map

• Use the Element tab to make 
a solid background

104



Exporting map

• Export map as a jpeg or tiff

• Go to “Share”, select “Export layout”

• Choose GeoTIFF

• Choose a file name, location

• Notice options for dpi, etc

• Click “Export”

105



Tutorial 1

A. What is the largest area out of all the CAUs 
(km2)?

106



Tutorial 1

A. What is the largest area of all the CAUs (km2)?

Mount Wellington South 6.800686 km2

How did you solve this?

107



Lunch

108

Detroit, 
MI



Section 4: Creating 
spatial data –

Geocoding

109



Geocoding

• Assigning a geographic location (x, y cartesian 
coordinates) to an address location
• e.g. convert 133 Molesworth Street, Wellington to 

748894, 5429415

• Not error free!

110



Geocoding errors

• What types of errors?

• Did not geocode at all – shows up as a 0 lat 0 long

• Geocoded to clearly the wrong place – northern 
hemisphere

• Geocoded to wrong place within the city

• Geocoded to the right place but was marginally off (a few 
metres)



Geocoding solutions
• How to correct errors?

• Sort latitude (or long) and assess there are no obvious problems

• Delete rows that did not geocode at all or were completely wrong

• Select a random subset of geocoded locations and check spatial 
accuracy

• Put the name of the business or the address into google earth

• Copy and paste the X,Y of the correct location into Excel

• Map those ‘gold standard’ locations in ArcMap

• Measure the distance between the geocoded and the gold 
standard locations

• Report this!

• Find failed locations in Google Earth and perform the steps above



Low Accuracy

High Precision

High Accuracy

Low Precision

High Accuracy

High Precision

Accuracy - degree to which information on a map or in a 
digital database matches true or accepted values.

Precision - the level of measurement and exactness, may 
measure position to a fraction of a unit. 

Geocoding

113



Geocoding

114



• Geographic Coordinate System - uses an angular unit of measure (e.g. 

latitude and longitude), a prime meridian and a datum based on a spheroid

• Projected Coordinate Systems converts the latitude and longitude that fall 

on the 3-D surface of the earth onto a 2-D surface for use in GIS (important 

for distances)

• In NZ, the two most common projections are : 

New Zealand Map Grid 

New Zealand Transverse Mercator

* used in tutorial

Coordinate systems

115



Geocoding software

• ArcPro: needs an address locator file (need credits)

• Garbage in, garbage out

• Road files can be proprietary $$$

• Html, using Google maps

• R, using Google maps

• Need Google API key = credit card on account

• Google allows each IP address to geocode 10,000 
addresses/day for free

• Benefit: free, pretty up-to-date



Soon we will work Tutorial 2 

• Bonus material: Downloading spatial data from Stats 
NZ

• Appending a data table to spatial data

• This is optional. You can always come back and do 
this later. 



Appending data

• Often we have spatial data

• SA2 boundaries in 2018

• And we have tabular data

• Mortality rates for Northland SA2s in 2010

• Need to combine the two to make a map or conduct 
spatial analysis

• What is the spatial pattern of low mortality SA2s 
in this region? 118



Other examples of appending data

• We have addresses of all bottle stores across 
Auckland – we geocoded these

• Then, a group of students went to each one and 
recorded whether or not the store sells tobacco

• We want to add the tabular data we collected to the 
spatial point data to make a map of bottle stores 
that sell tobacco

119



How to…

• Open ArcPro and add your downloaded SA2.shp

• Now, add the ASM_Rate_bySA2.csv file

• Join csv to the shp, based on attribute (SA2 id in
both files)

120



• This makes a new column of data in the SA2.shp

• You can make a map by changing the symbology to reflect 
mortality (e.g. quintiles)

• Make a map with a legend, scale bar, and title

• Export the jpeg or tiff to work folder

• Remember that joining information is not permanent. 
Shapefiles must be exported to save joined data. Also 
note <<NULL>> missing data in a join will be saved as a 
0.

How to…
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Tutorial 2 - geocoding

A. How many points did you geocode (stroke case 
locations)?

B. Do you see any errors? If so, how many and what 
type of errors?

122



Tutorial 2 - geocoding

A. How many points did you geocode (stroke case 
locations)?

287

B. Do you see any errors? If so, how many and what 
type of errors?

7 ties…anything else?
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How to remove errors

• Use the Editor dropdown menu to edit your 
geocoded (exported) shapefile

• Open the attribute table

• Highlight the rows to be deleted

• Delete using the X button in the attribute table or 
pressing “Delete” on keyboard

• Save edits and stop editing
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Future work

• If you have extra time….

• Try the Google Earth options

• Repeat steps you performed – excel, display X,Y



Best practices

• Data quality checks for correct address

• Data quality checks for spatial accuracy

• Decisions about assigning point location (e.g. 
stadium)

• Reporting geocoding methods and results (e.g., 
percent to rooftop, spatial precision)



Section 5: Geographic definitions and 
techniques



Definitions and techniques – DAY 2 but

overview today

• Centroid

• Geometric

• Population-weighted

• Buffer

• Proximity

• Euclidean

• Network
*refer to course book (Thornton et al. 2011)

KB
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Definitions and techniques – DAY 2 but

overview today

• Density

• Kernel density estimation

• Accessibility

• Connectivity

• Walkability

• Clustering
*refer to course book (Thornton et al. 2011)

KB
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Centroid

• Single point 
representing the 
centre of a spatial 
unit

• Used to measure 
proximity, or may 
serve as the centre 
of a buffer
• Geometric
• Population-

weighted
Source: Thornton et al. International Journal of Health Geographics 2012 
11:29 

KB
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Proximity
• Distance between points, 

point to line/polygon

• Travel

• Euclidean distance

• Network distance

• Social
• Techniques of social 

distancing through 
language, imagery

KB
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Buffer

• Boundaries placed around areas 
(polygons), lines or points

• May use a centroid or point as 
centre

• Set radius

• Then euclidean or network 
buffering technique used to 
assign buffer at given distance 
from centre point

Source: Oliver et al. International 
Journal of Health Geographics 2007 

6:41.

Euclidean

Network

KB
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Density

• A measure of intensity – exposure to features of the 
built environment

• Relates to accessibility
• Sum (count) of features within specified area 

(buffer)
• Count per population/geographic area
• Kernel density

• Continuous measures assume: linear relationship 
between feature and health outcome

KB
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Density

• Kernel density estimation
• Different from distance - relies on defining 

the interpolation interval (eg, 1km)

Thus, a zero 
indicates that 
there were no 
outlets within 
one kilometre. 

KB
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Accessibility

• Ease of access to a feature

• Better access = lower travel 
costs 
• $
• Time
• Distance
• Resources

• Built environment

KB
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Connectivity

• Availability and directness of travel routes to 
move through network from origin to 
destination

• Spacing between roads

• Number intersections

• One-way streets

KB
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Walkability

• Functionality

• Safety

• Aesthetics

• Destinations

• Footpaths

• Lighting

• Crime
KB
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Afternoon break

Can you think of an application of any 
of these techniques in work you 

already conduct?

138



Section 6: Defining 
neighborhoods, applications 
and ethical health geography

139



At what scale does this phenomenon of 
interest operate?

• Example 1 – Detroit, MI
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At what scale does this phenomenon of 
interest operate?

• I wanted to know if there 
was a relationship between 
the human microbiome 
diversity and neighborhood 
conditions in Detroit

• Do deteriorating built 
environment features 
(abandoned buildings) or 
features of urban greening 
(tree plantings) = lower/ 
higher microbial diversity
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At what scale does this phenomenon of 
interest operate?

• However, since there has not been existing 
research in this area, I was not sure which scale 
would be appropriate for the neighborhood 
influence on the microbiome.

• So, I decided to conduct a sensitivity analyses 
to determine ‘neighborhood size’
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Scale – Example 1

• Generated concentric rings 
around home locations, 
assigned ‘blight’ and ‘greening’ 
values based on parcels within 
each circle

• Tested correlation between 
blight and diversity for each 
circle size

• Tested correlation between 
greening and diversity for each 
circle size
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Scale – Example 2 

• Example 2 – Wellington, NZ, Kids’Cam data 
• Lots of research on children evaluates their 

exposure to things in their neighborhood
• E.g. Children’s exposure to alcohol marketing

• Most of this research defines neighborhood:
• based on conventions, other research or an 

estimated walking time
• I wanted to know how we should define a child’s 

neighbourhood extent based on actual activity 
spaces of children observed in a study
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Defining neighbourhood extent
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Creating criteria for neighbourhood 
research
• Determined 500m best 

representation

• Over 50% of time

• Largest incremental 
difference
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Discussion

• We use GIS
• To record spatial information (property records)
• To display spatial information (maps)
• To evaluate spatial relationships

• How could we use GIS to inform health policy?

• How could we use GIS to inform health care services 
decisions?

• How might you use GIS in your own work?
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1) Urban Revitalization and Mental Health

• Gentrification-like change near home
• Subjective and objective measures

• Value of amenities near home

2) Student nature exposure

• What type of nature is available on college campuses? 

• Assess available nature outside classrooms

• More nature, specifically trees, associated with lower behaviour 
problems 

3) GPS processing 

• Enhance techniques used to process GPS data

• Consider indoor/outdoor, driving/non-driving, etc. 

Katie- Research areas
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Katie- Urban revitalization and mental health

• Goal: Explore how urban revitalization is associated 
with mental health?

149



Gentrification, neighbourhood amenities, 
and mental health
• Rely on neighborhood level data 

from secondary sources

• Link to participants based on home 
location

150



Gentrification, neighbourhood amenities,
and mental health
• Participants with high amenities available have 

significantly better mental health
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Subjective alternatives

152



Subjective alternatives

153

Changes in resident 
empowerment



University nature

• NatureIDEAS project

• Goal: understand how much time students are 
spending outdoors, or in nature

• Sample: 9 universities across the United States

• Data: satellite imagery, secondary 
sources, novel spatial collected/constructed
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University nature
Water Built- Up 

Parks Vegetation
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University nature

• Identify relevant nature on campus
 Set definitions

 Agriculture

 Botanical garden

 Golf

 Natural area

 Other kept grounds

 Quad 

 Sports field

 Create shapefile for each campus

 Validate with campus grounds keeper 156



GPS Processing

• Goal: clean and classify GPS data, link to other devices

157



GPS Processing

158

• Primarily automated, with some manual checks
• Relies on GPS + accelerometer (any brands)
• Accounts for speed and duration
• Removes noise
• Imputes under certain conditions
• Identifies destinations (typically indoor)
• Also accounts for: bus routes, rush hour, repeated stop signs 

in residential areas

KB



GPS Processing

159

Red points captured 
as "noise"



adequate GPS data inadequate GPS data did not receive GPS unit Total p-value

n=438 n=402 n=331 n=1171

age 56.1 (14.8) 53.8 (14.6) 53.1 (14.2) 54.5 (14.6) 0.001

female 57.8 63.6 53.1 58.2 0.021

income <$10,000 43.8 51 57.9 50.4 0.004

is employed 29.9 29.6 26.3 28.8 0.507

is married 19.2 14.3 13.3 15.9 0.055

owns home 50.4 35.5 33.2 40.7 <0.001

Black 85.6 88.7 91.4 88.3 0.046

number of kids at home 0.4 (1.1) 0.5 (1.1) 0.4 (1.0) 0.4 (1.1) 0.594

years resident 14.5 (15.5) 12.3 (14.8) 13.2 (16.0) 13.4 (15.4) 0.144

perceived stress score 22.6 (4.6) 23.2 (5.2) 24.0 (6.5) 23.2 (5.4) 0.006

anxiety 54.9 (9.8) 56.7 (9.9) 57.2 (11.3) 56.1 (10.3) 0.005

heart rate 77.3 (13.4) 77.1 (12.9) 80.9 (14.8) 77.9 (13.6) 0.008

c-reactive protein 2.3 (9.3) 2.4 (3.5) 2.0 (3.2) 2.3 (6.6) 0.849

BMI 29.5 (8.2) 30.5 (8.5) 28.6 (7.8) 29.6 (8.2) 0.015

total physical activity 27.8 (8.2) 26.1 (8.7) 29.1 (11.6) 27.1 (8.5) 0.022

NDVI 0.2 (0.1) 0.2 (0.1) 0.3 (0.1) 0.3 (0.1) <0.001

tree cover 12.3 (3.2) 12.6 (2.9) 12.1 (3.1) 12.3 (3.1) 0.107

noise 166.6 (1.6) 167.3 (1.6) 166.8 (1.6) 166.9 (1.6) <0.001

poverty 31.4 (10.6) 31.5 (9.7) 31.3 (12.6) 31.2 (10.9) 0.9687

violent crime rate 82.1 (57.2) 81.9 (50.3) 97.4 (47.5) 86.5 (52.8) <0.001

property crime rate 95.0 (60.4) 98.2 (60.1) 124.3 (67.1) 104.5 (63.7) <0.001

vacant lots near home 27.1 (21.3) 23.2 (19.5) 27.8 (20.8) 26.1 (20.7) 0.007
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A bit about outdoor time in our sample
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Using GPS data to assign exposures

162

• Moving from static residential exposures to activity space exposures 
throughout the day

• Urban heat – does exposure to greenery buffer effects of 
heat on stress?

• Visual exposures – greenness, disorder

• Noise

• Birdsong

• Gun violence

• Air pollution

KB



Ethical considerations

• Maps can make people and places vulnerable!

• Consider a map of:
• The “most contaminated” neighbourhoods in 

Wellington
• HIV cases in New Zealand
• Rates of “preventable” hospital deaths at New 

Zealand hospitals

• The media can use maps for sensational purposes 

• Map data can be ‘reverse’ geocoded



Māori Data Sovereignty
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Māori Data Sovereignty
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Special considerations – health or sensitive 
data

• When working with health data, we may be 
required by data providers (and ethics) to 
consider:
• Preserving anonymity of survey participants
• Rarity of event (infantile astrocytoma)
• Stigmatism of places or population groups

• We can effectively and ethically do this:
• Jitter individual point locations
• Aggregate to larger population/geographic 

unit
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Considerations
Spatial resolution of health data

• Health data collected for individuals BUT rarely 
released
(Privacy and confidentiality)

• So aggregated to predefined geographical units 
e.g. Statistics NZ

• May bear little relationship to areas defined by 
socioeconomic, demographic criteria  (What is a 
neighbourhood?)

• May not be rational units for GIS analysis

• NZ mortality data only at CAU (red) not meshblock 
(black) level
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Data issues

Individual level data

• Advantages

• More ‘honest’

• People live in exact locations, not artificial areas

• Overcomes scale and aggregation problems

• Disadvantages

• Data confidentiality: too much detail

• Data availability: often hard to obtain

• Techniques more complex
168



Options for maintaining anonymity

1) Don’t make a map!

• Is it essential?

• Use spatial covariates for analysis instead

• ie, show regression results only
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Options for maintaining anonymity
2) Don’t show individual-level data

• Aggregate to polygons (CAUs, SA2s, TAs, DHBs)

• Often a requirement of data providers
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Options for maintaining anonymity

3) Jitter point data for display (geomasking)

• Maintains general pattern without actual 
location display

• Don’t use jittered locations for spatial 
analyses!
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Jittering

• Lots of different options (refer to course book)
• Paul A. Zandbergen, “Ensuring Confidentiality of Geocoded Health Data: Assessing Geographic Masking Strategies for Individual-Level Data,” 

Advances in Medicine, vol. 2014, Article ID 567049, 14 pages, 2014. doi:10.1155/2014/567049

• Complex algorithms

• More important if then using points for analysis or 
sharing

• Simple methods available

• Should not use new locations for spatial analysis



Options for maintaining anonymity

4) Do not use basemaps that show road networks 
or other identifying features – only spatial 
pattern of data
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Geospatial health research

• Has made contributions to our understandings of:

• Environmental pollutants (setting policies)

• The importance of neighbourhoods and equitable 
opportunities for health (for different pops)

• Most important areas to target for interventions

• Inequalities and the spatial drivers of inequalities

• DAY 2: More advanced techniques…



Free opportunities to continue 
learning

• https://www.gislounge.com/learn-gis-for-free/

• Website for more tutorials (Stata mapping)

https://www.gislounge.com/learn-gis-for-free/


Questions and 
discussion

More time to work on tutorials
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