Data Linkages between CANUE and| CPTP
Highlights and Opportunities |

. .
| N
) ] b1 n e "
| ) : ‘ : | '

Jeff Brook

o

CANUE

UNIVERSITY OF % | UNIVERSITY OF TORONTO SOCAAR
Qﬁ. TORONTO b ¢ DALLA LANA SCHOOL or PUBLIC HEALTH




4

Y
>
73

<5 CANUE’s Objectives _CHR i

RSC
CANUE e
soctosc0NcTr‘iw1<’:srATus LIFESTAGE > 80% of Short_te rm:
scooLwD dEoowOUToon T ook ,C""“:"’"s live * compilation and distribution of
P —————————— In-urban areas nationally-consistent environmental data
S emogae| (| Toronto, Medium-term:
e bt Montreal and * increase knowledge on how multiple
e ) A ) Vancouver environmental factors related to the
Sormeamm————  hold over urban environment, individually and in
S oEE M R 1 /37 of combination, affect health
. Canada’s Longer-term:
* A e . POPUlAtiON » inform decisions on how our
& 3 TRANSPORTATION OPTIONS .
Tale % urban/suburban environment can be
PLANNING::I;‘\NDUSE & TRANSPORTATION mOdIerd to Improve health.

Canadian Urban Environmental Health Research Consortium




<> CANUE’s Objectives

SOCIOECONOMICSTATUS LIFESTAGE NEIGHBOURHOOD FACTORS GREEN/BLUE SPACES CLIMATE

<L

TIMESPENTAT HOME, WORK, COMMUTE  TRANSPORTATION
SCHOOL AND INDOOR/OUTDOOR TIME MODE
J L

POPULATION DISTRIBUTION OVER GEOGRAPHY AND TIME

Sl
N7 - —
AR foop  GREEN/BLUE \ { \
QUALITY SPACE +/-IMPACTS
+/- EXPOSURES |:> ONHUMAN
HEALTH
PHYSICAL noise  HEAT/COLD

ACTIVITY WET/DRY |

AIR QUALITY TRANSPORTATION

PARKS AND WATERWAYS |

% M/R/ NSPORTATION OPTIONS |

gﬂﬁﬁa - QﬁD ﬁ“g HOME, WORK, SCHOOL AND SERVICES
PlANNlNG]:_IlAND USE & TRANSPORTATION .
- >80% of Canadians Toronto, Montreal and Vancouver hold
ECONOMIC WEATHER & . . .
ORI ot aRowTH cumate live in urban areas over 1/3" of Canada’s population

Canadian Urban Environmental Health Research Consortium




| hope you like maps ...

Methods
Tools
Documentation

Distribution policy

1980 2050
O CANUE D AT A el



N

CANUE

DATA PORTAL @ Home

# MENU -
%= AVAILABLE DATA

@ MAP BROWSER

2 DATAREQUEST

uu

® DATADOWNLOAD

WELCOME TO THE CANUE DATA PORTAL | databeta.1

B RESTRICTED AREA

DOCUMENTATION MAP BROWSER | REQUEST AND DOWNLOAD

Help us improve! Send a report of any issues to info@canue.ca along with htt ps -//WWW- canu ed ata . Ca/

browser and computer operating system information
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https://www.canuedata.ca/

DATA PORTAL

A Available Data

#& Home - Available Data

% Gr 55 - Landsat - Annual (annust Dataset

Datazet Description Data Source and Quality Assessment Data Use Conditions Support Documentation Variables Maintenance and Contact

@ Annual Datasets

= Greenness
‘Q Landsat - Annual
@, Landsat - Growing
Season
@, Landsat - Greenest
Pixel
@& Modis - Annual Mean
@, Maodis- Annual Max
@, Modis - Growing
Season Mean
@, Modis - Growing
Season Max

Description:

Top of Atmosphere {TOA) reflectance data in bands from the USGS Landsat 5 and Landsat 8 satellites were
accessed via Google Earth Engine. CANUE staff used Google Earth Engine functions to create cloud free annual
growing season composites, and mask water features, then export the resulting band data. NDVI indices for each
time period were then calculated as (band 4 - Band 3)/(Band 4 Band 3) for Landsat 5 data, and as (band 5 - band
41/{band 5 Band 4] for Landsat 8 data. Annual maximum MOVI calculated by Google from Landsat 5 and Landsat 8
were also accessed via Google Earth Engine. These composites are created from all the scenes in each annual
periad beginning from the first day of the year and continuing to the last day of the year. All the images from each
vear are included in the composite, with the greenest pixel as the composite value, where the greenest pixel is the
maximum value of the Mormalized Difference Vegetation Index [NDVI). Mo data were available for 2012, due to
decommissioning of Landsat 5 in 2011 prior to the start of Landsat 8 in 2013. Mo cross-calibration between the
sensors was performed, please be aware there may be small bias differences between NOVI values calculated
using Landsat 5 and Landsat 8. Final NDVI metrics both annually and for the growing season (defined as May 1st

Geographic Coverage:

65.14N ,-141.02W

@, AVHRR - NDVI through August 31st) were linked to all 6-digit DMTI Spatial single link postal code locations in Canada, and for @lm1;-.'~1‘:—':16‘521 UNITED i ]
surrounding areas within 100m, 250m, 500m, and 1km. ERArEe 41-685 e
-QNEIgthhude Keywords: Coordinate System: Geographic Datum:
Active Living
Emironments Greenness - Landsat - NDVI - satellite monitoring - normalized difference vegetation index - annual - growing Coordinate System WiGse4
@ Mighttime Light SEdzan _ _ _
@ Material and Social Place Keywords Type: Point Unit: Decimal EPSG:
Depriviation Index Degree 4326

@&, Canadian
Marginalization Index

@&, Canadian Access to
Employment

Canada - national

Metadata PDF:

Download Metadata

Canadian Urban Environmental Health Research Consortium

Geometry Data Source:

DMTI Spatial Inc. postal codes



DATA PORTAL

A Available Data

Q@ Annual Datasets

= Greenness

@ Landsat - Annual

@ Landsat - Growing
Season

@ Landsat - Greenest
Pixel

@ Modis - Annual Mean

@ Modis - Annual Max

@ Modis-
Season Mean

@ Modis - Growing
Season Max

@ AVHRR-NDVI

Growing

= Neighborhood

@ Active Living
Environments

@ Nighttime Light

@, Material and Social
Depriviation Index

@ Canadian
Marginalization Index

@ Canadian Access to
Employment

& Greenness - Landsat - Annual (annus! Dataset

Dataset Description

Data Source and Quality Assessment

Variables:
1984 1985 1986
Q@ Annual Mean Value at Postal -
1995 1996 1997
Code
Q@ Annual Mean of Means 100m
Q@ Annual Mean of Means 250m 2006 2007 2008
Q@ Annual Mean of Means 500m
Q@ Annual Mean of Means 1000m @ VIEW MAP

Q@ Annual Max of Means 100m
Q@ Annual Max of Means 250m
@ Annual Max of Means 500m
Q Annual Max of Means 1000m

80k
60k
40k
20k

Histogram

Canadian Urban Environmental Health Research Consortium

Data Use Conditions

1987

1998

2009

GRLANS84_01 - Annual Mean Value at Postal Code

Annual mean NDVI at postal code (range-1to 1)

@& Home - Available Data

Support Documentation Variables Maintenance and Contact
1988 1988 1990 1991 1992 1993 1994
1999 2000 2001 2002 2003 2004 2005
2010 2011 2013 2014 2015 2016
Variable Type:
Numeric
Summary % of Postal Codes with
Value(blue) and No Data(red)
Total Number of Postal 572927
Codes:
Postal Codes with Value: 572374
Postal Codes with No 553
Data:
Min Value: -1.00
Max Value: 0.79
Average: 0.36
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& Greenness - Landsat - Annual

@ Annual Mean Value at Postal Code - 1984

Quintiles:  -1.00t00.24 © 0.24t00.33 ®0.33t0040 @0.40t0043 @0.48t00.79 @ NoData Tools: @ 2I & K
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Jointly Building Data Platforms — Environment + Health @

CANUE

69 Pre-linked CANUE data holders

Observational cohort studies

Canadian Healthy Infant Longitudinal
Development Study (CHILD)

Canadian Longitudinal Study on
Aging (CLSA)

Q * 10 Canadian provinces
—\,f_ —~._ * 50000 participants

Canadian Partnership for Tomorrow Project (CPTP)

National harmonized cohort
Canadian
Partnership for \ |

Tomorrow> * 8 Canadian provinces

[, ,;T/k’f\" e Vancouver, Edmonton,
" fee —+ 300000 participants
=

CHILD Winnipeg, Toronto

panenari;igé?%;%é demain\ Age 30to 74 years clsa élcv . Age 45 to 85 years COHORT STUDY % @ ; 2;; E;Ieli:::t mothers +
Regional cohorts

Administrative health data holders

aserias | e Province of Alberta  At]antic © 4 Atlantic provinces
Z PROJECT 55 (000 participants P[\TH * 35935 participants
A

Inspiring research for
1

T e Age 35 to 69 years ° Ageldto7s

(Manitoba Centre for Health PoIicy\ ( Population Data BC \

o ¢ Province of British * Province of Quebec
) Columbia e 43 046 participants ) ) )
i . opulationdatase
1 nzgxxﬁns PROJECT * 29850 partidpants * Aged0to69 '.’ ygl?‘clsg?gr Province of Manitoba @ pop
uuuuuuuuuuuuuuuuuuuuuuuuu wromonon, @ Age 35to 74 r. Egl?cl;h e Dataon healthcare, * Province of Brltlsh CO|UmbIa
_ , health services, vital * Data on healthcare, health
* Province of Ontario statistics, education, services, vital statistics, child

'j Ont?f,o 225 000 participants
Health ° social/family support i
Study «  Minimum age 18 years K / ysupp / \ development, education /

Canadian Urban Environmental Health Research Consortium



Top 10 Research Priorities in Spatial Life Course Epidemiology
Jiaetal., EHP 2019

* Create life course spatial exposure metrics

* Define and operationalize composite and cumulative exposure concepts

* Improve personalized exposure assessment in prospective studies

* Understand the role of residential self-selection

* Tap into emerging Big Data streams to capture spatial exposure and behavior information
* Facilitate the development and use of complex systems models

* Increase transdisciplinary collaboration to capitalize on innovative data and methods
 Examine and address health equity

* Expand the scope and scale of research from local and regional to national and global

e Safeguard privacy while ensuring research needs.

Canadian Urban Environmental Health Research Consortium




Why Life course? - Common origins hypothesis

Critical Intervention Windows
Preconception to Adolescence

PRECONCEPTION ~ PRENATAL ~ INFANCY  PRESCHOOL  CHILDHOODD ADOLESCENCE/ADULTHOOD

Modifiable N .
@ FrecaNcapion ";'{:",' Modifiable Postnatal factors that

{& Prenatal i W 1 altertrajectoriesin early life:

3(1F|FS _thakﬁ? IE.'!’ I'IS_k A (small changes here have large long-term impact)
profilein o sPrlng. o Beanstiaading v Siden

* Parent obesity = Diet  Profprebiotic

= Parent mental & = Environment supplements
physical health

* Parent lifestyle
* Environment

NCDs

Obesity

Metabolic Disorders
Respiratory Disease

HEALTHY

Growth &Development

Modifiable factors that alter
trajectories laterin life:
(by this point, large changes required):

HIGH RISK
* Child/Family Lifestyle

@ NORMAL = Environment
Determinants of fetal development - \ N
bk e atbirh: —_ lifecourse

* Fetal genome & epigenome
* Maternal microbiome M @ @ * é\
= Placental physiology , :

« Intrauterine environment
* Gestational weight gain
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Why Life course? - Common origins hypothesis

Critical Intervention Windows
Preconception to Adolescence

PRECONCEPTION ~ PRENATAL ~ INFANCY  PRESCHOOL  CHILDHOODD ADOLESCENCE/ADULTHOOD

Modifiable . : C
A .

Preconception Jp—— -

@ ok '“s~gy Modifiable Postnatal factors that
& Prenatal A B ol P
{ _— W 1 altertrajectories in early life:
3(1F|FS _thakﬁ? IE.'!’ ”S_k A (small changes here have large long-term impact) T
profilein o sPrlng. o Bigaitfoadig + Sliap P
* Parent obesity = Diet  Profprebiotic NCDs
* Parent mental & = Environment supplements Gbeslly

physical health
* Parent lifestyle
* Environment

Metabolic Disorders
Respiratory Disease

Growth &Development

B HEALTHY

Modifiable factors that {lter
trajectories later in)life:

H IGH RI SK (by this point, large changes required):
@ ' « Child/Family Lifeftyle
- NORMAL = Environment

Determinants of fetal development \ - kho_nl'bmd ""t'“é e
&risk profile at birth:

* Fetal genome & epigenome
* Maternal microbiome
= Placental physiology
+ Intrauterine environment
* Gestational weight gain
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Why Life course? - Common origins hypothesis

PR Modifiable
@ Preconception

PRECONCEPTION ~ PRENATAL  INFANCY

Critical Intervention Windows

Preconception to Adolescence

PRESCHOOL ~ CHILDHOODD

ADOLESCENCE/ADULTHOOD

e . C
"'{:,_ Modifiable Postnatal factors that

& Prenatal sl ol P

{ Wi W 1 altertrajectoriesin early life: .

3(1F|FS _thatﬁ? IE.'!’ ”S_k A {small changes here have large long-term impact) T

profilein o sPrlng. sRisasttinding s sieen . p

* Parent obesity = Diet * Profprebiotic NCDs
*» Parent mental & = Environment  supplements Obesity

physical health
* Parent lifestyle
* Environment

Metabolic Disorders
Respiratory Disease

~ HEALTHY

Growth &Development

J Modifiable factors that :
trajectories later in)life:

Expos ure (by this point, large changes required):
. « Child/Family Lifeftyle
windows '?
v o
LR S  #

lter
HIGH RISK

@ NORMAL

Determinants of fetal development
&risk profile at birth:
* Fetal genome & epigenome
* Maternal microbiome
= Placental physiology
+ Intrauterine environment
* Gestational weight gain

* Environment
= School-based inititiafives

Canadian Urban Environmental Health Research Consortium




The Canadian Urban Environmental Health Research Consortium
‘ advancing research on urban living and human health

A PAN-CANADIAN EFFORT THAT IS ADVANCING RESEARCH ON URBAN LIVING AND HUMAN HEALTH

DATA AND TOOLS LINKING TO HEALTH ENVIR HEALTH RESEARCH

CANUE DAL O Key HEALTH DATA PARTNERS

Q? e Databases
\i, i - it

* Nitrogen Dioxide
* Fine Particulates
* Sulfur Dioxide

* Ground-level Ozone =
* NDVI greenness CIsa E|C\l
* Nighttime Light -
« Heat & Cold events CANADA’S LARGEST
. . . AGING COHORT OMORAG
* Rain, Snow & Soil Moisture s = st
* Local Climate Zones - _ P-4 : m " . "
* Material & Social gj&ig::ﬂp for A\ / j* Tmmam ° O MICS
Deprivation | _ < fd | oo
* Marginalization Tomorrgllewd = . =2 y
* Active Living Index N - e Atlantic
Access to Employment - CANADA’S LARGEST J)orsirimsusy o PATH
COMING SOON ’.‘/L,Av POPULATION COHORT -
Food environment A A
CHILD
* Microscale urban features COMORT STUDY. & e
via machine learning and < Dlocatio CANADA’S LARGEST P38 e B Bioinformatics
high-res images 1980’S to present BIRTH COHORT L3
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Facilitating environmental health research through the lifecourse CANUE

/A
Data request examples:

Canadian Alliance for Healthy
7 Investigating Pathways to
Analysis of Dementia and Degenerative Diseases in the _H earts and Minds obesity 55 yougth transit}“/ion to
Metro Vancouver, Border Air Quality Study Cardio and cer ?br al va.scular dulthood
effects of air pollution aduithoo

WHO Healthy Aging: structural and

Spatial inaccessibility of predictive validity of the intrinsic
greenness and allergic capacity, functional ability and
respiratory diseases in children enabling environment

Spatial analysis of Association of
association between socioeconomic
environmental and
modifiable factors enVironme{vtal
and lung clearance factors with
index. neor?atal and
o~ = Heart childhood
outcomes of A
preterm infants

Evaluating th jation bet it ;
Individual and Neighbourhood valuating the gssociation between Healthy Cities, Healthy Climate change, older adults
istics i ; maternal and early life exposures to Minds: Genetic & Urban and immigrants: exploring
Characteristics influencing ; . ; .
- - ambient air pollution, and the risk of Environmental Influences on community vulnerability and
Cardiovascular Health in . .
Canadians pediatric inflammatory bowel disease Childhood Mental Health resilience

Canadian Urban Environmental Health Research Consortium
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Taking into account Residential Mobility e

CANUE

A challenge for estimating W ﬁ ﬁ; M" M m
lifecourse exposures hig L ’ﬁ'ﬂ‘ m ’Mﬁ m‘
* Multi-generational m M ‘"\ﬂfm

* Geographic mobility
* Long term
e Short term

Fernmood

Grew up here

Born here \
Went to University here / \
AN

Live here now

Canadian Urban Environmental Health Research Consortium




CANUE Webinar Series: @
Making the Most of Residential History | February 4th | 2020 CANUE

Health databases with residential history via CANUE and the SDLE

Canadian Partnership for Tomorrow Project (CPTP) regional cohorts

Exposure Years covered
@ * Province of British Columbia PM2.5 2000-2016
‘O * 22 85_0 participants a.ged 351074 5 NO2 (annual and monthly) 1984-2012
(@) » Baseline data collection: 2009-2016 —
8CGENERATIONS PROJECT  » Residential history: 1981 to 2016 02 ANV
* 99.9% linkage rate 03 (annual and monthly) 2002-2015
«  Province of Ontario NDVI Landsat (greenness) 1984-2016
7/ ? * 225000 participants, age > 18 years f MSDI (SES measure) 1989-2016 (index years + lead/lag time)
»— )\ Ontario : .
Health * Baseline data collection: 2010-2017 Can-Marg (SES measure) 1989-2008 (index years + lead/lag time)
Study ) ReSId?ntlal history: 1981 to 2016 N Access to employment 2001-2016 (index year + lead/lag time)
* 97% linkage rate
Can-ALE (walkability) 2001-2016 (index years + lead/lag time)
A I x * 4 Atlantic provinces \ Night light 1992-2013
tlantic « 350935 participants age 18 to 78 Wenther matrice 19832016
P;A;TH * Baseline data collection: 2009-2015
* Residential history: 1981 to 2016 Water balance 1985-2015w
* 99.4% linkage rate Local climate zones 1984-2016 (index years + lead/lag time)

Canadian Urban Environmental Health Research Consortium




Do we see more than a glimpse of our integrated lifecourse exposures?

Canadian Urban Environmental Health Research Consortium



Other variables now processing: monthly mean of daily vitamin D dose at sea level, monthly
mean vitamin D index at noon, monthly 95 percentile vitamin D index at noon

Canadian Urban Environmental Health Research Consortium

K\

CANUE

Monthly mean
of daily vitamin
D dose at
ground level
(based on
monitoring
data from
1990- 2002)

Estimated ultraviolet
exposure levels for a
sufficient vitamin D status
in North America.

Fioletov VE1, McArthur LJ,
Mathews TW, Marrett L.
DOI:
10.1016/j.jphotobiol.2010.
05.002
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@ Distance to Expressways (m) - 2003 A Neighborhood - Proximity
Quintiles: @0.01t0321.4¢ @ 5214410136597 @ 1865.97103213.30 1 3213.9010502430  8024.30t02136653.91 @ NoData Tools: @ 2I & B N ow p rocessin g .
1994

Proximity to roads by road type

@ e
Q  Searct Caledon "
/ | X - Expressways
& = Ballinafad * based on DMTI road networks
S o from 1996, 2001, 2006, 2011,
: & 2016
oh ﬂé, « Postal codes from 1994, 1995,
19 X 1996, 1997 and 1998 are
o . 4 associated with the 1996 road
New SR ”"’-‘“&?J' Tge 2 network, and so on up to 2018)
Tavistock Sheffield o &
“theltke [o4] A

-
.

E Wae linrle [a03)- [403] a—t
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@ Distance to Major Roads (m) - 2003

K\

CANUE

A Neighborhood - Proxmity

Now processing:

Quintiles: @000t09296 @225510207.91 $207.911037472 ) 3747210653.90  593.30t0 1684045.17 @ No Data Tools: 28 B
i L T Proximity to roads by road type
Q Searct \ T A
Palmérston Arthur %% ﬁ .
z . - Major Roads
3 ’ Erin
= e o Ballnefad * based on DMTI road networks
% ‘5)\“‘ from 1996, 2001, 2006, 2011,
2016
* Postal codes from 1994, 1995,
\ 1996, 1997 and 1998 are
associated with the 1996 road
New Himburg AR network, and so on up to 2018)
Tavistock @
\o> .' e Y ) A
thhrl{ IWI mﬂ E&j‘ t : 3 “tai s
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@ Distance to Local Roads (m) - 2003

Quintiles: @0.00t07.52 @7.82t010.10 B 10.10t011.45  11.45t016.64  16.6410394000.55 @ NoData

7

CANUE

A Neighborhood - Proxmity

Tools: @ 3 & W Now processing:
1994
S Proximity to roads by road type
Q  Searct Caledon ?: K ‘%.@ "."'."'
Palmérston Arthur .a‘ 3 :;
; ‘é@ Local Roads
3 Erin
|
o s salinfad e based on DMTI road networks
o g from 1996, 2001, 2006, 2011,
g = y. 2016
. ;,4,,2 “3’ * Postal codes from 1994, 1995,
+ Gk 1 ¥ .|
9:;« > - 1996, 1997 and 1998 are
s e . .
gﬁ%‘, 4 associated with the 1996 road
New Shnag T e 2 network, and so on up to 2018)
Tavistock iffﬁ. Sheffield ;’; _7 4 =
.- 4 .- A iagara-on- Ri
,“;\.‘%’f& _ * NlhE-Lake @
A _'_ia_,} ; ~,:,:;:£ o - ;y‘,’
L = {3
Wedlnct 5] [ e = Lo |
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7

CANUE

Now processing:
Proximity to water by water type

Ocean
Lake/reservoir/pond
Freshwater/tidal river
Canal

* All years based on DMTI
hydrological network from 2018

(postal code locations shown in red)




Building blocks of new metrics

* Emissions Inventories (NPRI)
 Satellite measurements of air pollutants
* LUR predictors

* High resolution visual imagery (street view,
satellite)

shutterstock.com « 121136578

* Accelerometry and GPS on 8 year olds in
CHILD (activity spaces, locations of physical
activity vs. neighbourhood structure)

Canadian Urban Environmental Health Research Consortium



E H P ‘ Environmental Health Perspectives

Environ Health Perspect. 2017 Aug; 125(8): 087025. PMCID: PMCS578366S
Published online 2017 Aug 31. doi: 10.1289/EHP1279 PMID: 28934721

Research

Association of Long-Term Exposure to Transportation Noise and Traffic-
Related Air Pollution with the Incidence of Diabetes: A Prospective Cohort
Study

Charlotte Clark,m Hind Sbihi 2 Lillian Tambgric,z Michael Braugr,2 Lawrence D. Frank,? and Hugh W Dﬂ'es2

Author information » Article notes » Copyright and License information » Disclaimer

What are CANUE teams working on

National high resolution noise model

Canadian Urban Environmental Health Research Consortium




Building Blocks for a National to Global Multi-Pollutant Index

m

OMI Satellite (https://disc.gsfc.nasa.gov/datasets/ OMNO2_V003/summary)

SO, OMI Satellite (https://disc.gsfc.nasa.gov/datasets/OMSO2_V003/summary)
PM, s Dalhousie University (http://fizz.phys.dal.ca/~atmos/martin/2page_id=140)
HCHO OMI Satellite (http://www.temis.nl/index.php)

NH; CrlS Satellite (Mark Shephard, Environment and Climate Change Canada)

Cco MOPITT Satellite (https://eosweb.larc.nasa.gov/project/mopitt/mopitt_table)

Night Lights DMSP-OLS Satellite
(https://ngdc.noaa.gov/eog/dmsp/downloadV4composites.html)

Plus:

Model Estimates of Global Surface Ozone

NA: Robichaud et al., 2014. Global: Anenberg et al., 2018 ; Galmarini et al., 2017
Phase 2 of the Task Force on Hemispheric Transboundary Air Pollution project.
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OMI NO2 Surface Mixing Ratio (2013)
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Next Generation of exposure mapping =

Identfy relevant
Input datasets « e T T features / inter-relationships

Contents lists available at SclenceDirest .
— — - ~

Predict 1 Ny

Local / street level enviconmentsl exposures .

magery

Environment International

Continuous & spatially
resolved exposure
) surfaces

journal homepage: www.elsevier.cam/locate/envinl

— =
|

A picture tells a thousand...exposures: Opportunities and challenges of deep = m)

learning image analyses in exposure science and environmental ==

z v Alr pollution
epidemiology I
Scott Weichenthal™, Marianne Hatzopoulou”, Michael Brauer® Aarial / satefice ——
* Ml University, Department of Epidemiology, Biostotistivs and ¢ Heulth, Monzren], G, Canda remote wniing I
" University of Torontn, Department of Civil Engineering, Toronto, ON, Canada products Waolkability

 University of British Columbia, Sehool of Popidation and Pufdlic Heafth, Viotcoiver, BC, Conada "m Qquaity

Q0 wmE=0«dON
a0 Em~ 03

CANUE specialists are applying deep learning image
analysis to develop urban environment metrics

Because the metrics are based on images rather than o doa | F Trawiog vi

traditional GIS data, it may be possible to standardize e
micro-scale local metrics globally...

Convolution network

Canadian Urban Environmental Health Research Consortium
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CANUE

Can we use machine learning to extract
features of the built environment that impact
micro = meso = macro climate?

High resolution satellite data:

e PlanetScope (3m), RapidEye (5m)
Street-level images:

e green, building types, paved areas, etc.

Canadian Urban Environmental Health Research Consortium
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CANUE

* @Greenness — trees, grass, street green vs backyard green vs parks, matching
urban tree inventories to GSV to map species = shade, water needs, allergens...

* Paved/impervious, sky view, building heights/materials = micro climate
influencers

» Sidewalks, curbs, bikes = physical activity promoters

* Traffic congestion, building heights, street canyons = noise, air quality modelling

* Developing input variables for models

* Identifying urban form features, changes over time

* Use existing metrics to train classifiers —i.e., what does walkability ‘look’ like and
can we identify from satellites?

 And more....

AIR QUALITY

Canadian Urban Environmental Health Research Consortium
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CANUE

Int. J. Environ. Res. Public Health 2018, 15(8), 1719; https://doi.org/10.3390 Open Access
fijerph 15081719

Comparing the Normalized Difference Vegetation Index
with the Google Street View Measure of Vegetation to
Assess Associations between Greenness, Walkability,
Recreational Physical Activity, and Health in Ottawa,
Canada

Paul J. Villeneuve 1* &0, Renate L. Ysseldyk 1 2, Ariel Root 1 &, Sarah Ambrose 1 &,
Jason DiMuzio 1 &, Neerija Kumar 1 &, Monica Shehata ' &, Min Xi 1 &, Evan Seed 2 &,
Xiaojiang Li* &, Mahdi Shooshtari 4 & and Daniel Rainham % &

1 Department of Health Sciences, Carleton University, Ottawa, OM K15 5B6, Canada
2 Dalla Lana School of Public Health, University of Toronto, Toronto, ON MAT 3M7, Canada

3 Department of Urban Studies and Planning, Massachusetts Institute of Technology, Cambridge, MA
02139, USA

4 Department of Geography, University of Victoria, Victoria, BC VBW 22, Canada
5 Healthy Populations Institute, Dalhousie University, Halifax, NS B3H 4R2, Canada L\T

Canadian Urban Environmental Health Research Consortium




Developing input variables for models
Current Fields of Interest:

Road Extraction

Building Detection

Land Cover Classification



Road Segmentation




Results

Challenges:

- Tree canopy
obscures roads
sometimes!
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What else are we doing with CANUE data? C?,Z

* Sweet and sour spots

* Mapping
environmental
Inequities

e Good score

Canadian Urban Environmental Health Research Consortium



What else are we doing with CANUE data? C‘AN%;

* Sweet and sour spots

* Mapping
environmental
Inequities

* Good score mobile
web-based app

Canadian Urban Environmental Health Research Consortium



Spatial distribution and intersections between walkability, air pollution, @

greenness and deprivation in Toronto, Montreal and Vancouver CANUE

This maps shows postal code locations in
orange where NO, concentrations are in the
top tertile, and greenness (NDVI) and
CanALE values are bottom tertile.

These “sour” spots could be prioritized for

interventions by planners and

public/population health specialists.

* Urban tree planting

* Increased park/natural areas

e Traffic diversion away from residential
areas

* Increasing land use mix

(Green indicates postal codes in ‘sweet’ spots —
low NO,, high greenness and CanALE)

TORONTO Souns: S, Hglaliobs, B30 By, Exfintar Ssogaphivs, GCHEMAbus D3, USOA, USE3, AwoBRID,
BH ad ths 8B Uswr Commanly

I |
0 5 10

Kilometers Kilometers

Doiron et al. (in prep.)

Canadian Urban Environmental Health Research Consortium
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CANUE

This maps shows only postal code locations
with the highest tertile of material
deprivation,

AND

High NO2 (yellow)

OR

Low greenness (orange)

OR

Both high NO2 and low greenness (red)

This illustrates multi-factor exposure burden
@ Low Green + High NO2 experienced by the most deprived segment
of the population, and could help prioritize
actions to improve health-promoting
neighbourhood design.

@& Low Green
> High NO2

5 =, Satlelar Ssogephies, CHEAAbus 03, U303, U363, AsveSRIN,

Doiron et al. (in prep.)

Canadian Urban Environmental Health Research Consortium




Under development: GoodScore.City

Is your
neighbourhood

good for your
health?

Active Living Environment  Natural Areas

Extreme Heat  Smoke pollution

Traffic Pollution

Discover your GoodScores

910 Douglas Drive

9 910 Douglas D Toronto, Ontario
9 910 Douglas Woods Hill SE Calg
9 910 Douglas Woods Drive SE Calgary, /
9 910 Douglas Woods Drive SE Calgary, Albe

9 910 Douglas Woods Drive SE Caigary, Albe

Brought to you by the Canadian Urban Environmental

Health Research Consortium

GoodScore.city

+ . Low Score - - High Score

£ = 2

AV Whitney Junior

¥ ,,‘Q\\\. iy = 3
(e peias PublicSehool. 2%
%

1t WL
Doua? 8

Rosedale Park
4
- Ao
?1“-' 2%
rough Parkette
-t < University Of Toronto
S Prosident's Estate
&
&

Baal
Beaumont

Your GoodScore

40
|

LOWEST SCORE

HIGHEST SCORE

Your GoodScore is 40! This GoodScore indicates how
the selected neighbourhood compares with other
neighbourhoods in Canada.

An area’s scol : . — . o
environment: Active Ll\"ng
factorbelow Environment

Scoreimportance  Medum

LOWEST ACTIVE
ENVIRONMENT

HIGHEST ACTIVE
ENVIRONMENT

Active Living Environment is a measure of how
well your neighborhood was designed to promote
an active lifestyle. It is based on the accessibility
of your local public transit network, as well as the

number of parks. schools. shops businesses,

Canadian Urban Environmental Health Research Consortium

Traffic Pollution

Score nportance:  Medum

14

HIGHEST TRAFFIC LOWEST TRAFFIC
POLLUTION POLLUTION

Traffic Pollution is a measure of how much

nitrogen dioxide is detected in the alr. This kind of
air pollution is a good indicator of how much traffic
exhaust is in your neighbourhood

Natural Areas

Scoreimportance:  Medium

59
| .

LOWEST NATURAL HIGHEST NATURAL
SPACE SPACE

Natural Areas is a measure of how much open
water and green vegetation s in your

neighborhood. Higher values mean there are more
lakes, streams, wetlands, parks, trees and gardens

Extreme Heat

Score importance:  Medum

37
| R

MOST HEAT EVENTS  FEWEST HEAT EVENTS

Extreme Heat is 3 measure of the number of days
per year that are part of an extreme heat event in
your neighbourhood. Heat events are defined as
three or more consecutive days with a maximum

daily temperature above the 95th percentile of

Smoke pollution

Scoreimportance: | Madm

HIGHEST SMOKE LOWEST SMOKE
POLLUTION POLLUTION

Smoke pollution is a measure of fine particles in
the air in your neighbourhood. This kind of air
pollution comes mostly from industrial stacks,
forest fires, agricultural burns, local fireplaces and
woodstoves, with smaller amounts coming from




N

CANUE

Active Living
Environment

Score importance  Medium

WHAT IS AN ACTIVE Each factor has a link to popup content:
LIVING ENVIRONMENT?

The Canadian Active Living Environment (Can-ALE)

index measures how well your neighbourhood is o What |S thls met r|C?
designed to promote an active lifestyle. There are more .
72 opportunities to be active in neighbourhoods where: hd H ow d oes |t affe Ct h ed Ith ?
o [ . * There are many people living nearby * How is it related to climate change?
LOWEST ACTIVE HIGHEST ACTIVE ® |t is easy to walk or cycle along and cross streets .
ENVIRONMENT ChIVIRONMENT, ® The number of bus stops, parks, schools, stores, * What can I do d bOUt It?

restaurants and other interesting places within
walking distance is higher

Active Living Environment is a measure of how
well your neighborhood was designed to promote
an active lifestyle. It is based on the accessibility
of your local public transit network, as well as the

The Can-ALE score is high in urban areas and city

centres, and low in suburban areas, smaller towns and KEY AU DI E N CE:
sl * General public, with focus on kids 8-18

number of parks, schools, shops businesses,
landmarks and other amenities in your area.

Find out more:
How does active living impact health? What can | do?

OBJECTIVE:

* Increase awareness and understanding of
outdoor built environment impacts on health
AND how to engage in community planning

Canadian Urban Environmental Health Research Consortium




GoodScore.city

GoodScore.city GoodScore.city

.x& = Ve A S e
, TV @u Low Score . - High Score

-
AT

N T
SR,

Bl

% Your GoodScore
T2

Customize your score

All factors have equal weight to start,
but you can customize your
GoodScore by adjusting the sliders
below.

Customize your score
All factors have equal weight to start,  p.car
but you can customize your

GoodScore by adjusting the sliders

below.

Active Living Environment @ Active Living Environment @

2.
Natural Areas @ Natural Areas @

72
| .

—_——
HIGHEST SCORE
Extreme Heat @ Extreme Heat
e Your GoodScore is 72! This GoodScore indicates how
the sefected neighbourhood compares with other
neighbourhoods in Canada.
Smoke pollution @ Smoke pollution @ T
=
Traffic Pollution @ Traffic Pollution @
==

¥ See my GoodScore

Canadian Urban Environmental Health Research Consortium
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GoodScore.city

Customize your score

All factors have equal weight to start,  p.cat Apply
but you can customize your
GoodScore by adjusting the sliders
below.

In development:

Automated customized local report

generation

* Professional planners, population
and public health specialists,
advocacy groups

* Include social/environmental
equity maps/metrics

Active Living Environment @

Natural Areas @

Extreme Heat @

New factors:
* Food environment
* Noise

Smoke pollution @
38
e | |

LOWEST SCORE HIGHEST SCORE

&
E{

Traffic Pollution @

See my GoodScore v See my GoodScore Your GoodScore is 38! This GoodScore indicates how
the selected neighbourhood compares with other

Canadian Urban Environmental Health Research Consortium




Opportunity for CPTP: Harnessing the trend in new technologies

* Can we engage study participants in taking the next great
leap in exposure data?
e WE HAVE THE TECHNOLOGY!

* Will participants agree to share their data this way?

Phone Apps

Type
X Active A\ Emergency (@3 Camera

i

Citizen Science

Personal Weather Station Network

Overview Buying Guide  Regisier with WU

250,000+ Weather Stations

nd air quality monilors so we can provide the nch, hyper

B OpenStreetCam  tesiebost  Gethespy tiog  Geta
A} =1 ¢ A -

PerrTs




Opportunity for CPTP: Harnessing the trend in new technologies

* Can we engage study participants in taking the next great
leap in exposure data? Citizen Science
e WE HAVE THE TECHNOLOGY! |

* Will participants agree to share their data this way?

Personal Weather Station Network

Sunday, June 10,2018 S | Y 1 Overview Buying Guide  Regisier vath WU

& . ;
H 250,000+ Weather Stations
wealher Underround & a giobal community of peapie connecting
o 2760 Avabuwy A SEY and air quality monilors so we can provide the nch, hyper
futwre of weather IS personal, nypenocal, and smarter than you thi
=
:::::
=)

Type
X Active A\ Emergency (@3 Camera



Upcoming CPTP-relevant CANUE outputs =

CANUE

* Assessment of the exposure patterns within CPTP vs. all Canadians within
selected, relevant demographic groups

* Representativeness of CPTP cohort in terms of exposure experiences

* Influence of residential history on trajectories of exposure

» Assesses the potential to launch future studies exploring how health responds to
modifications in exposure possibly leading to stronger causal evidence

e Study of the interaction between demographics + SES factors and residential
movement to more/less walkable areas in the BC Generation cohort

Canadian Urban Environmental Health Research Consortium
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CANUE

Environmental Health Perspectives, Vol. 127, No.7 | Brief Communication

Top 10 Research Priorities in Spatial Lifecourse Epidemiology

Peng Jia Jeroen Lakerveld, Jianguc Wu, Alfred Stein, Elisabeth D. Root, Clive E. Sabel, Roel WVermeulen, Justin V. Remais, Xi Chen, Ross C. Brownson,

Sherif Amer, Qian Xiao, Limin Wang, W. M. Maonique Verschuren, Tong Wu, Youfa Wang and Psater James

Published: 4 July 2019 | CID: 074501 | https://doi.org/10.1289/EHP4868

1. Create life course spatial exposure metrics

2. Define and operationalize composite and cumulative exposure concepts

3. Improve personalized exposure assessment in prospective studies

4. Understand the role of residential self-selection

5. Tap into emerging Big Data streams to capture spatial exposure and behavior

information

o

Facilitate the development and use of complex systems models

7. Increase transdisciplinary collaboration to capitalize on innovative data and
methods

8. Examine and address health equity

QA A AAAAD

9. Expand the scope and scale of research from local and regional to national and
global
10. Safeguard privacy while ensuring research needs.

S

Canadian Urban Environmental Health Research Consortium




M

Needs for Future Advances in Environmental Data \

CANUE

* Training data for Al model development and testing

» Updated urban scale models of air pollution (e.g., NO2, ultrafine particles)

* Harnessing participation of cohort subjects for exposure-relevant data collection (apps)

* Knowledge of why people moved (i.e., to gain insight on self selection bias)

* Greater resolution of Active Living Environment types (e.g., kids, adults, seniors)

» Residential history for CLSA to refine exposure estimates and study exposure time windows

* Exposure metrics that capture, in a standardized way, significant interventions/infrastructure
investments across the country

* More-relevant climate and extreme weather metrics covering a wider range of potential risks
(e.g., metrics that capture spatial patterns of disaster impact such as flooding or fires)

* Food environment metrics

Canadian Urban Environmental Health Research Consortium
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CANUE

160 research projects supported so far!

CANUE data requests by source CANUE data requests by year

100
via CPTP

2%

via MCHP 90
_ 1% 80
via CLSA

24% 70

60
50
40
30

20

Direct 10
access (via

CANUE) 0
72% 2017 2018 2019
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