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Agenda

1. Project Motivation and Introduction

2. Sensor Intercomparison
Comparing low-cost (Purple Air, Clarity, Modulair) vs Reference-Grade (Teledyne) instruments

3. Accra, Ghana
Findings from 3 years of data from a network of 18 Clarity nodes
in a city of 4.2 million residents

4. Lomé, Togo
Findings from 2 years of data from a network of 5 Purple Air sensors
in a city of 1.4 million residents

5. Key Takeaways
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Overburdened and Undermonitored

Countries in Africa have high air pollution levels yet remain sparsely monitored

Deaths Attributable
to Urban Air
Pollution (2004)

UAP deaths/1 million population ¢ :
0-50

I 50- 150

I 150 - 250

I 250 - 400

> 400

Data not available
1 Not applicable

Source: WHO
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Overburdened and Undermonitored

Countries in Africa have high air pollution levels yet remain sparsely monitored

Number of cities monitored for air pollution:
Il 200+ [H199-100 M 99-20 19-5 4-1 0

Number of Cities
with Air
Pollution
Monitors (2016)

Source: WHO
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Overburdened and Undermonitored

Countries in Africa have high air pollution levels yet remain sparsely monitored

Population-Weighted Distance to Nearest Monitor
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Overburdened and Undermonitored

Countries in Africa have high air pollution levels yet remain sparsely monitored

Population-Weighted Distance to Nearest Monitor
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Low-Cost Sensors Can Bridge the Monitoring Gap

High-density networks of calibrated low-cost sensors can offer a detailed look in cities

Corrected Low-Cost Sensor vs Reference Monitor

Application of ian Mi Regression for the
Correction of Low Cost PM; 5 Monitoring Data in Accra,
Ghana

| — PM,s (Corrected Purple Air Data) |
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Poster Presentation Discussions Group A

| — PMys (Purple Air Data)
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N
[&)]

#Clean Air Monitoring and Solutions Network: get
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Source: McFarlane 2021

Towards a Global Low-Cost Sensor
Calibration Model via Gaussian Mixture Re...

Low-cost Sensors (LCSs) for air quality mon...

Dan Westervelt
Asst Research Professor
Lamont-Doherty Earth Obs... and 1 more
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Comparing 23 Devices for 2 Months

3 types of low-cost sensors were co-located with a reference monitor at the Univ of Ghana
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Low-Cost Sensors Show Striking Accuracy

Modulair sensors show lowest mean absolute error; correlation dependent on humidity

Raw PM, ; - Intercomparison Period
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Low-Cost Sensors Show Striking Accuracy

Modulair sensors show lowest mean absolute error; correlation for hourly comparison

PurpleAir Clarity Modulair
Y =1.32x - 3.26 y =1.25x + 0.27 y =1.08x - 1.51
R2=0.71 | MAE = 2.5 yg m3 R2 = 0.64 | MAE = 2.7 g m3 R2=0.75 | MAE = 2.3 uyg m -3
50 50 50 . day_of_year
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Low-Cost Sensors Show Striking Accuracy

Modulair sensors show lowest mean absolute error; correlation affected by humidity

PurpleAir Clarity Modulair
Model R? MAE R? MAE R? MAE
(oto1)  (ug/m3)  (oto1)  (ug/m3)  (oto1)  (ug/m3)
Raw 0.71 5.95 0.6/ 7.51 0.75 2.87
RF 0.68 2.53 0.62 2.79 0.70 L.47
MLR 0.78 2.13 0.79 2.51 0.81 4.36
GMR 0.78 1.95 0.79 1.93 0.78 1.99

Optimal Model has highest correlation (R2) and lowest mean absolute error (MAE)
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Accra Deployment

18 Clarity sensors deployed around city for 3 years

COVID Lockdown

Achimota Interchange
Amasaman
Chorkor Residence
Chrokor Sackey Ansah
Dansoman . .
East Legon Network-Wide Daily Mean
Ghana EPA

Jamestown
Jamestown Bruce/Kofi Oku
Jamestown Clinic
Jamestown Coast

Jamestown Ga Mashie Rd. 1 5 O H9 . . .
Jamestown Hansen/Asafoatse ° 2 WHO Gu}-dellne Dally Mean
Jamestown Police Station
Kaneshie First Light
North Industrial Area
Odorkor

Tetteh Quarshie

i

Jul 2019 Jan 2020 I Jul 2020 Jan 2021
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GMR-Corrected Data from Accra Deployment

Deployed sensors show a wide spread that remains largely above WHO guidelines

Accra Deployment - Daily Averaged GMR -Corrected PM , -
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Harmattan Elevates Background Levels

Diurnal and weekly cycles largely governed by local activity

Diurnal Cycle - Harmattan
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Harmattan Elevates Background Levels

Diurnal and weekly cycles largely governed by local activity

Diurnal Cycle at Dansoman Site
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Understanding Regional Trends

Varying correlations and differential reductions during major events show vitality of high-density network

PM, 5 pg/m’

PM, 5 pg/m’
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High PM, . Levels Exceed WHO Standards

Pie charts show % of measured days above daily mean of 15 ug/m3
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5 Purple Airs deployed in Lomé

Applying Plantower correction factors to 2 years of data in previously unmonitored country

Site Name

Office du Bac

Direction de
1'Environnement

Université de Lomé

Agoe Minamadou

Agence Nationale de
Gestion de
I’Environnement

Site Code

OB

DE

UL

AN
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Location
(Latitude,
Longitude)

6.152,1.224

6.125,1.212

6.177, 1.212

6.227,1.193

6.132, 1.242

Duration

01-23-2020 to
05-10-2021

01-20-2020 to
04-19-2021

07-10-2019 to
06-30-2021

01-02-2018 to
06-30-2021

05-15-2019 to
08-13-2020

Number of
Days of Data
Retrieved

241

34

695

307

-




GMR-Corrected Data from Lomé Network

Correction factors help control for erratic events; daily and annual averages far above guidelines

(A) PM; 5 from Purple Air Data at Université de Lomé site
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GMR-Corrected Data from Lomé Network

Correction factors help control for erratic events; daily and annual averages far above guidelines

(A) GMR-Corrected Distribution of Daily PM, 5 Averages
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Harmattan Elevates Background Levels

Diurnal and weekly cycles largely governed by local activities; baseline governed by regional

(0):) Dlurnal Cycle Harmattan

.

ugim3

60

50

40

30

=]

3

0

OB Diurnal Cycle - Non-Harmattan

M

01234567 891011121314151617181920212223
Hour

AN Diurnal Cycle - Harmattan

01234567 891011121314151617181920212223
Hour

AN Diurnal Cycle - Non-Harmattan

dibib eSOt adi b it bk

0
01234567 891011121314151617181920212223
Hour

012345678 91011121314151617181920212223
Hour

COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

OB Weekly Cycle - Harmattan

s

OB Weekly Cycle - Non-Harmattan

emmns

Mon

Tue Wed Thu

Day of Week

Fri Sat

AN Weekly Cycle - Harmattan

anssn

Day of Week

AN Weekly Cycle - Non-Harmattan

%%&%%4%

Fri
Day ol Week

Fri
Day oi Week




Key
Takeaways



Key Takeaways

e Sensor intercomparison builds towards a deeper understanding of performance and
contributes to developing a global calibration model

o Low-cost sensors, especially when adequately calibrated and corrected, can
provide very high quality data
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Key Takeaways

e Sensor intercomparison builds towards a deeper understanding of performance and
contributes to developing a global calibration model

o Low-cost sensors, especially when adequately calibrated and corrected, can provide
very high quality data

e Deployed sensor networks demonstrate that the Harmattan drastically elevates baseline
concentrations, but the trends are largely governed by local anthropogenic activity
(such as traffic and waste burning)

o Average concentrations in Accra and Lome are far above WHO daily guidelines, but
the causes are not all anthropogenic
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Key Takeaways

Sensor intercomparison builds towards a deeper understanding of performance and
contributes to developing a global calibration model

o Low-cost sensors, especially when adequately calibrated and corrected, can provide
very high quality data

Deployed sensor networks demonstrate that the Harmattan drastically elevates baseline
concentrations, but the trends are largely governed by local anthropogenic activity (such
as traffic and waste burning)

o Average concentrations in Accra and Lome are far above WHO daily guidelines, but
the causes are not all anthropogenic

More measurements, observations, analyses and interventions will further the study of
air pollution in low- and middle- income countries

COLUMBIA UNIVERSITY Key
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