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i " INTRODUCTION

==

- In Hanoi, Air pollution in general 1s directly related to
particulate matter (like PM10 and PM2.5) and toxic chemical
components in the form of gases in the air such as CO, SO2,
NO2, CH4,....

- Air quality monitoring 1s currently being carried out in many
different methods such as direct monitoring: through in-situs
network; and indirect monitoring: via satellite data, UAV, ....

- However, each method has i1ts advantages and disadvantages:

Direct monitoring methods often have high reliability, but it’s local and
representing a small area;

While indirect methods such as using remote sensing data have the
advantage of large coverage, showing relatively clear trends in spatial
distribution of air quality, but it has the limitation of the frequency of
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monitoring and reliability.
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- Therefore, i1t 1s necessary to develop a new solution by
combining direct and indirect monitoring data with many
- advantages than technical separates for large-scale but high-
. frequency monitoring. However, this combination is currently
 facing difficulties in data processing, especially the spatial and
temporal synchronization of the two data sources.

- To solve this problem, we have developed a solution to handle
bigdata-remote sensing in monitoring some gas components in
the air; on that basis, develop algorithms and tools on
GoogleEarth Engine platform to build AQI24h index map of
Hanoi.

- This solution will provide new technical that can monitor air
quality on a large area, with near-real-time frequency and ensure
reliability for monitoring at the city scale.
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- Establishing a scientific basis and methodology for Big
data- remote sensing application in monitoring air pollution;

- Developing the process of Big data - remote sensing
technology application for monitoring air pollution from waste
treatment areas;
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[ RESEARCH CONTENTS

Research subjects

Monitoring air pollution components such as dust (PM2.5, PM10) and some
toxic chemicals such as SO,, NO,, CO, O; and air quality index AQI 24h.

Area |
1) Large scale: covering 2) Detailed scale: Nam Son and

the Ha Noi city Xuan Son solid waste treatment
zones

€,
BAC/'SON
TU Liém )‘
Xy duyng tram
trung chuyén Tay Mé

Ban Phudng
Xay diing bl 48

chét thal ran x&y dung
Trung Chau

ok My
NAM SON 7+ 5 X J
T HONG KY

M- &
Sdn Tay . DIS— TRUNG GlA
M@ réng khu xi Iy =l N
ks / -

S A
Chugng M

wd kh "
g K

{oai Bic

Hay dung bai 48

chat thai ran xdy dung
Wan Con, An Thugng

( BRG Legenc. Hill Golf Club’ o >
R e QL3

Thanh Trl

Xy dung bal a8

chat thai rén xay dung
Duyén Ha

1a) 9 pen G\ong Soc/Son
Y& .

X
*
VONE | | whuairy
@ KHUVUC PHIA BAC Thuting Tin  Chéu Can

ir ne
VUNG Il W
. KHU VIIC PHIA NAM Chuong Diuking

d il i Nghiém Van Tuan

e W kHu vuc pHia TAY x& Chudng Dudng



1 T e S

1 METHODOLOGIE

y

i PI'OCGSS Of Big ogﬁlei'ﬁaert Measzl;;UAV Satellite data

4 data-remote | Y |

% SenSing Landsat 8/9, Sentinel 5P

g Sentinel-2A/B

- technology for

g; monitoring air ﬂl 0 < CO. SO2, NO2.
pollution -

b

Unit Convert

Downscaling processing

4
%
.
;

hJ

e Average data for each indicator <

Big data processing AQI 24h i
L e e e e e e L ¢_ __________________
Map of CO, NO2, Ban do AQI
S02. 03 24h
| A 4 >

MOdel\ Forecast map of

CO.NO2, SO2....

I 'S

WebGIS < L




- " = Lol 0 A + ikl
B Ty L% s < 4

E Monitoring particulate S , ,
. Anh vién tham quang S6 liéu quan trac, do dac
matter PM2.5 and PMI10 hoc thyc dia
using remote sensing data l

Tinh toan céac chi sd Tién xir Iy anh Xir 1y s6 lidu quan tric
(NDVI, NDMI, NDWI) (Hiéu chinh phé
tir anh vién tham Tinh toan, xac dinh Rroa, Rsur)

Tinh toan gia tri phan xa khi
quyén Ratm; ke

Tinh toan d¢ day quang hoc
cta sol khi AOT

LAy S, PRE

A

Phan tich tuong quan,
Xay dung mo hinh va ham |«
hoi quy phu hop

A 4

\ 4

,‘ Tinh toan ham luong bui

PM10, PM 2.5

Kiém tra danh gia két qua

A4
Xay dung ban d6 ham
lugng PM10 va PM2.5
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E Technical solutions for

. processing Bigdata-remote Ditligu Sentinel-5P |
. . X . Dit liéu quan trac, UAV
sensing for monitoring some air
components in Hanoi area Lua chon du vio

- Luya chon bo dir ligu tinh;
- Ranh gidi ving nghién ci;

¢ Convert data units to ug/m3 - Thoi gian thu nhin anh

Conversion formula:

Tinh gia tr1 trung binh cho timg dit liéu anh

P,=P A
where, P, and P, represents data ’ v
s with units of pg/m? and mol/m? Trich xudt dit liéu CO, NO2, SO2, CH4
respectively.
A is the transfer constant of each Y| Chuyén déi d lcw sang dom vi pgims

gas, shown in the table

Hé s6 chuyén doi don vi tinh tir mol/m?

sang don Vi ,Ltg/m3 Chuyén déi dit liéu dang raster sang dang diém
_ &s 280000 Xu ly nang cao do phan giai (downscaling)
Bl o 640 000
'3 BNleY 460 000
m CH4 160 000 Chuyén déi dit liéu dang diém sang dang raster
Bl os 480 000
A 18/02/2023 Nghiém Van Tusn
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Technical solutions for processing Big data-remote sensing in
mapping the AQI24h air quality index

Daily AQI values of parameters SO,, CO, NO,, O;, PM10, PM2.5 are calculated
according to the following formula:

ivl

AQI = B}IJ ;sp (C.-BP)+1, Lookup table of AQI value (ug/m3)

i1 i
where: “Nﬁmn

- BP, and I: from the lookup EocahUElR 050 -~ 030 040 050 010 040

WeliN{e[es(claVAM 51-100 31-60 41-80  51-100 1.1-2.0 41-80
table; (51-100)

- AQIx: value AQI day of [ECEECCM 101- 6190 81-180  101-  21-10  81-380

250 168

parameter X; (101-200)
L Coneaineition of lowe: Poor 251-  91-120 181280  169-  10.1-  381-800
limit: (201-300) 350 208 17

o - A 351- 121250 281-400 209-  17.1-  801-1600
- BP1+.1.. Concentrations of the (301-400) 430 45 3
upper limit;

Severe 430+ 250+ 400+  748+* 34+ 1600+

- I : The AQI value at level 1
given in the table corresponds to
the value of BPi+1.

(401-500)
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DEVELOPING ‘A BIGDATA-REMOTE SENSING PROCESSING |
MODULE FOR AIR POLLUTION MONITORING
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USlng Google Earth Englne Anh v¢€ tinh Dt li¢u tur tram quan tric Anh UAV
| (GEE) solution 1in storing
»v and processing air
; monitorlng data, Dir liéu khac Google earth engine (GEE) Dit liéu nén

GEE 1is an open source
platform  that  supports
storing and processing Big Xu Iy dir ligu
¢ data-remote sensing;

- GEE links to a diverse
repository of remote sensing
{ data;

| - Allows users to integrate

. other data sources outside of
the GEE platform
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DATA USED

1) Satellite data: Sentinel 2A/2B, Landsat 8/9 (to retrieve PM10 and PM2.5);
Sentinel-5P (to retrieve: CO, NO,, SO,, O;)

2) Ground observation data: air quality (35 stations) and meteorology data from
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Sensors

Sensor Board

Data processing

— R
“Smart
Phone
DIJI Inspire 2 UAV
N <
e - ‘\’* : , .
~ S R—
STT Long Lat H CcO NO NO2 SO2 CO2 VOC PM1.0 PM2.5 PM10
1 105.8374 21.34044 15.14336 5.11 0.23 0 0.28 434 1.3 40 60 68
2 105.8367 21.34027 15.2048 5.03 0.21 0 0.3 434 1.3 40 60 67
3 105.8391 21.33635 15.47104 4.97 0.1 16.66 0.31 434 1.3 40 60 67
4 105.8391 21.3364 15.79872 5.07 0.19 18.34 0.3 434 1.3 38 58 62
5 105.8367 21.34098 16.06496 5.09 0.18 18.33 0.3 434 1.3 40 59 62
6 105.8386 21.33611 16.26976 5.07 0.19 18.3 0.28 435 1.3 39 58 61
7 105.8387 21.33611 16.47456 5.07 0.18 18.34 0.26 435 1.3 42 63 67
8 105.8376 21.3399 16.61792 5.04 0.16 18.38 0.28 436 1.3 41 62 64
9 105.8377 21.33908 16.7408 5.08 0.17 18.33 0.23 436 1.3 41 63 66
10 105.8375 21.34021 16.7408 5.02 0.08 18.33 0.26 437 1.3 40 62 67
18/02/2023 Nghiém Van Tuan
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'RESULTS

Tools for processing, managing and storing Big data-remote sensing

Functions: corth Engine Apps
- Storage and management of [*END
big data- remote sensing;,

- Processing remote sensing
data to extract PM10; PM2.5

- Processing data to extract
CO; SO2; NO2; O3 from S-
5P (enhanced data resolution
by downscaling solution),

- Data processing,
calculation of AQI24h air
quality index;
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Electronic portal (WebGIS) providing air pollution information

Funtions:

- Allows displaying spatial distribution of air quality images on the whole of Hanoi,

- Allows to look up and extract specific parameters of each air quality component such as PM10, PM2.5;
CO, SO2, NO2,...and AQI24h air quality index at any points

@ 4 GiamsatchatluongKK X - v = X
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Q  Search places Earth Engine Apps

NO2_column_number_density, 6-12-2022, Hanoi, Vietnam ar? Quan trac chat Iang khéng khi

E 1) Lua chon d&i tugng quan trac

Lua chon doi tuong quan trac bl
Lua chon nam quan trac =
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2) AQI theo quy
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J Processing enhanced data resolution

4

. - Data used: Original data from S-5P (3.5 x 7km resolution) and data from in-situs
- Methodology: downscaling solution
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Original data After processing (100m resolution)
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Data time series
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Maps of AQI 24h

BAN PO CHIi SO CHAT LUQONG KHONG KHI AQI 24H

BAN PO CHi SO CHAT LUQNG KHONG KHi AQI 24H

QUY I1 NAM 2022 KHU VU'C HA NQI

QUY INAM 2022 KHU VUC HA NQI
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Maps of AQI 24h

BAN PO CHI SO CHAT LUQONG KHONG KHI AQI 24H
QUY II NAM 2022 KHU VUC HA NQI
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AIR POLLUTION MODELLING

Modelling the spread of air pollution in Hanoi area
Using the WRF-Chem model

Layer 1 NO2 Layer 1 PM10
a3 7.076 I az 68.718
67.920
- 6.192 -
5207 4 67.121
a1 31
4.423 1 66,322
75 - 23 -
E E
& 3.538 1 9 65522
181, 18 1,
2,654 54.725
13 13
1.769 63.926
7 7
0,885 63.127
L : : : : : : : : 0.000 14, , : , ‘ ‘ ‘ ‘ , 62.328 =
1 7 132 19 25 31 37 a3 ag 1 7 13 19 25 Bl 37 43 49
December 01, 2021 00:00:00 UTC December 01, 2021 01:00:00 UTC
Min {1, 20} = 0.009, Max {31, 39} = 2.330 Min {17, 43) = 64.609, Max (21, 40} = 68.717
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Modelling the air pollution dispersion from waste disposal areas
Using the AERMOD model
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Establishing emission factors: using UAV monitoring data at 02 landfills
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Average 24h
spreading

PM2.5 and
PMI10 of Xuan

Son landfill

Average 24h
spreading

PM2.5 and
PMI10 of Nam

Son landfill
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

r

- Results have shown that using remote sensing technology can meet air quality

monitoring on a large scale.

QU LSS = SR R -

- The research also shows that the application of Bigdata-remote sensing

% Ty
"F—j’_\

management and processing solutions 1n collecting, analyzing and processing

remote sensing data has brought high efficiency.

- With Bigdata and Bigdata-remote sensing technology solutions, it allows

processing remote sensing data in large volumes to extract daily air quality

s TR Y SR, PR

parameters.

- This technological solution also allows the combination of air quality data
extracted from remote sensing with the one from the network of monitoring
stations; allowing the resolution enhanced to be able to monitor detailed in small
areas, but with common air pollution such as concentrated waste treatment areas,

1 1ndustrial parks, craft villages, etc.
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Recommendation

In order for this solution to be effective and applicable in practice, it 1s necessary to
continue researching, developing and building an Automatic air quality monitoring
system; in which automatically from the processing of remote sensing data and
directly linked to the network of monitoring stations to improve the quality and

accuracy of air quality data.




Thanks for your attention!
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