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Since 2013...

Sensors

. Scientific-grade
: equipment:
. PM2.5
- Ultrafine PM
- Black Carbon
>: Carbon Dioxide (CO2)
. Carbon Monoxide (CO)
- Nitric Oxide (NO)

- Nitrogen Dioxide (NO2)
: Ozone (03)



2017: Oakland study released
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2018: Health Impact study

West/Downtown Oakland Study Area
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health risk
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Health Impacts in Oakland, CA
(from diesel trucks and other sources)
www.edf.org/airqualitymaps/how-pollution-i
mpacts-human-health
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Alexeef et al 2017. “High-resolution mapping of traffic
related air pollution with Google street view carsand

incidence of cardiovascular events within neighborhoods
in Oakland, CA” Environmental Health.
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http://pubs.acs.org/doi/abs/10.1021/acs.est.7b00891
http://pubs.acs.org/doi/abs/10.1021/acs.est.7b00891
http://pubs.acs.org/doi/abs/10.1021/acs.est.7b00891

»";';-:"‘ 4 >i:‘h B 3 ,';,\_)--*-"-'::fﬁ._' %ok p-m}:'::-i:“j‘;;':’ ro B~
2017"“Call ',releasednf’ff”‘ s,
,- . 250M+5 7 ReNa )
- 2+ years % 2 A
/ g o >

K 50+ scientist

NO; concentration (ppb) |

[]<6

[[] 2638
[ 38-51
567
6.7-84
B as105
Il 105131
M 131164
M 164208
M 208283
M 253

Air quality data from Google / Aclima 2 Google Earth



°99}e$tree:cvlew . 5

” s L




2
]
b}
)
o
@

Google



Today: Scaling to 50 Street View cars

Google
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) Google Cloud Platform

) Google Cloud Platform

GOOGLE CLOUD BIG DATA AND MACHINE LEA

Innovation in data processing and machine learning technology

Products Solutions al e cing Customers Documentation

Kubernetes, Google Cloud Pub/Sub, BigQuery > Docume n

EPA Historical Air Quality Data

and BigQuery

Real-time logs analysis using
Fluentd and BigQuery

Analyzing Financial Time Series
using BigQuery The United States Environmental Protection Agency (EPA) protects both public health and
establishing the standards for national air quality. The EPA provides annual summary dataj

Resources data across the following categories:

U.S. EPA and OpenAQ air quality data now available

By Mike Hamberg, Partner Operations Manager, gTech Feeds
Using these new public datasets in BigQuery is a great way to understand air quality in your community.

Take a deep breath: The average person takes between 17,000 and 23,000 breaths a day. But how often ¢
you know if the air in your town is clean?

We're helping answer those questions. We've leveraged decades of data from the U.S. EPA and real-time

air quality datasets to the Google Clo jblic D s program

« OpenAQ, which includes real-time air quality from 47 countries around the world

« EPA, which includes the last 27 years of air quality from around the United States

All Resources

Pricing

Quotas & Limits

Release Notes

Support & Troubleshooting

Public Datasets
Overview
1000 Cannabis Genomes Project
Bay Area Bike Share Trips Data
Chicago Crime Data
Chicago Taxi Trips
EPA Historical Air Quality Data
GDELT Books Corpus
GitHub Data
Hacker News

Healthcare Common Procedure
Coding System (HCPCS) Level Ii

IRS 990 Data

Major League Baseball
Medicare

NHTSA Traffic Fatality Data 4
NOAA GHCN Weather
NOAA GSOD Weather
NOAA ICOADS

NYC 311 Service Requests
NYC Citi Bike Trips

NYC TLC Trips

NYC Tree Census

o Criteria Gases
* Carbon monoxide (CO)
+ Ground-level Ozone (03)
« Nitrogen Dioxide (NO2)
« Sulfur Dioxide (S02)
Particulates
* PM2.5 FRM/FEM Mass
* PM2.5 non FRM/FEM Mass
+ PM10 Mass
* PM2.5 Speciation
Meteorological
* Barometric Pressure
* Relative Humidity and Dewpoint
« Temperature
* Winds (Resultant)
Toxics
* Lead (Pb) Link
* Hazardous Air Pollutants (HAPs) -
+ Nitrous Oxides (NONOxNOy)
+ Volatile Organic Compounds (VOCs)



https://bigquery.cloud.google.com/savedquery/849876415232:acaa7dbbcc844318b6d98907cf976e58
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earthengine.google.com

o0 e @ Google Earth

< C (0 @& Secure Q W i

= (Google Earth Engine

A planetary-scale platform for Earthiseience data & analysis

Powered by Google's cloud infrastructure

» WATCH VIDEO



http://earthengine.google.com

The Earth Engine Data Catalog

Landsat & MODIS Your own data Air Pollution Weather & Climate
Sentinel 250m daily can be added NOAA NCEP, OMI, ...
10-30m, 14-day

... and many more, updating daily!

> 200 public datasets > 4000 new images every day

> 5 million images > 5 petabytes of data

Google



New air pollution satellites

Nitrogen dioxide

>
by

Formaldehyde

&

Carbon monoxide Sulphur dioxide

NOAA’s GOES-R TROPOMI on ESA’s Sentinel-5p




entinel 5p: Ozone

Google Earth Engine

P Assets

Filter methods

ee.Algorithms
ee.Array

ee.Blob
ee.Classifier
ee.Clusterer
ee.Color
ee.ConfusionMatrix

borders

S5P demos/S5P cetLink |

© 21
22
23
24

i 25

i26

i27
28
29
£
i3l
i32
i33

print(noz.s

Y2

// W Aerosol Index

var aer = ee.ImageCollection('PREP/COPERNICUS/
.filterDate('2018-038-20', 18 -0 8")

Map.addLayer(aer.mean(), aer_ai_vis, 'Aer’)

print(aer.size())

// Ozone

var 03 = ee.ImageCollection('P
.filterDate(’2018-08-20", 28")

Map.addLayer (03.mean(), ozone_vis_param, '03')

print(o3.size())

P/NRTI/L3_AER_AI')

Staging ~ Help v  karintuxen@google.com ~

| e B O

4  Use print(...) to write to this
console.

1407
1546

1374

Terms of Use

Map data 2018

TROPOMI on ESA’s Sentinel-5p




Sentinel 5p: UV Aerosol Index

Google Earth Engine

borders

Filter methods...

» ee.Algorithms

» ee.Array

» ee.Blob

» ee.Classifier

» ee.Clusterer

» ee.Color

» ee.ConfusionMatrix

S5P demos/S5P

// W Aerosol Index

var aer = ee.ImageCollection('PREP/COPERNICUS/SSP/NRTI/L3_AER_AI')
.filterDate('2018-08-20', '2018-08-28")

Map.addLayer(aer.mean(), aer_ai_vis, ‘Aer’)

print(aer.size())

// Ozone

var 03 = ee.ImageCollection('PREP/COPERNICUS/SSP/NRTI/L3_03")
.filterDate('2018-08-20', '2018-08-28")

Map.addLayer(o3.mean(), ozone_vis_param,

print(o3.size())

'03")

e [ e L IS [ o S

Staging ~  Help v  karintuxen@google.com ~

4 Use print(...) to write to this
console.

1407

1546

1374

| Mapdata €2018 | 1000kmiL—— 1

TROPOMI on ESA'’s Sentinel-5p



Sentinel 5p: NO,

Google Earth Engine  borders

Staging ~ Help v  karintuxen@google.com ~

Inspector [T Tasks

Seripts PITS

S5P demos/S5 Gettink |

. € ZLprint(noz.size())

Filter methods. 22 Use print(...) to write to this
Algorith 23 // W Aerosol Index console.
» ee.Algorithms 24 var aer = ee.ImageCollection('PREP/COPERNICUS/SS5P/NRTI/L3_AER_AI')

) ee.Array i2s .filterDate('2018-08-20', '2018-08-28") 1487
i 26 Map.addLayer(aer.mean(), aer_ai_vis, 'Aer')
» ee.Blob i 27 print(aer.size()) j 540
. 28
» ee.Classifier 58l /7 Gzone 1374
» ee.Clusterer 30 var 03 = ee.ImageCollection('P 3
i i3 .filterDate('2018-08-20", '2018-08-28")
» ee.Color i 32 Map.addLayer(o3.mean(), ozone_vis_param, '03')
» ee.ConfusionMatrix v 133 print(e3.size()) &

Map data 82018

TROPOMI on ESA’s Sentinel-5p



Averaging NO, for Oakland (Aug. 27 - Sept. 6)

Google Earth Engine

Scripts (L) Assets

Filter methods.

»

»

»

ee.Algorithms
ee.Array

ee.Blob
ee.Classifier
ee.Clusterer
ee.Color
ee.ConfusionMatrix
ee.Date
ee.DateRange

Search places and datasets...

16+ var dauyconecnon = ee.ImageCollection.fromImages(days.m: o

17 var from = start.advance(interval, 'day');

18 var to = from.advance(1, 'day');

19 return no2.select('NO2_column_number_density').filterDate
20 .set(’system:time_start', from.millis());

21 1)

22

23~ var chart = ui.Chart.image.series({

24 imageCollection: dailyCollection,

25 region: geometry,

26 reducer: ee.Reducer.mean(),

27 scale: 200

28

29 print(chart)

30 o
| 4

Band m ean

Prod ~ Help v  karintuxen@google.com ~
GetLink || Save - Run | Reset - L Console R

Use print(...) to write to this console.

z

Band mean across images
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TROPOMI on ESA’s Sentinel-5p



Sentinel 5p: NO, for Aug. 27 - Sept. 6

TROPOMI on ESA’s Sentinel-5p
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® ® @ Google Earth X

& C d @& Secure https://earth.google.com/web/ CE

59.06M 2.27

5.666M 73,613

A 480 A 4,551

Google

Source: https://www.nasa.gov/topics/earth/features/health-sapping.htm



https://www.nasa.gov/topics/earth/features/health-sapping.html
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