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INTRODUCTION
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RESEARCH OBJECTIVES

 Estimating the urban expansion of Vietnam from
2004 to 2015

» Analyzing the air pollution of Vietnam from 2004
to 2015

o Understanding the impacts of urban expansion on
air pollution in Vietnam from 2004 to 2015.

o Building a platform for spatial and environmental
data analysis and storage.
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RESEARCH CONTRIBUTIONS

o Proposing an optimized urban classification
method In Vietnam and a time-series of urban
map from 2004 to 2015.

o Building an appropriate model to estimating air
quality index in Vietnam.

o Evaluating the correlation between urban
expansion and air pollution in Vietnam from 2004
to 2015.

o A spatial data exploration and analysis platform
for monitoring environment change ‘
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URBAN CLASSIFICATION
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DATA COLLECTION
For urban-mapping

Data type Population | Nighttime light Vegetation Impervious | Inland
density Indices surface water

Abbr GPWv4 DMSP- NPP- MOD13Q1  EstISA MOD44W
OLS VIIRS
Spatial 1 km 1km 500m  250m 1km 250m
Resolution
Time 2004, 2008, 2004, 2015 2004, 2008, 2010 2004, 2008,
2012,2015 2008, 2012, 2015 2012, 2015
2012
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Sampling and threshold calculation

URBAN SAMPLES NON-URBAN SAMPLES
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POPULATION DATA 2009
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Flowchart of urban-mapping

Population density

Nighttime light Impervious surface area
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Urban classification: Results F I M
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Urban classification: Results
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Urban classification: Results

Google Earth images Urban map 2004 Urban map 2015 Urban expansion
2004-2015

Hanoi

Hochiminh
city
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Urban map over Hanol F I M

Year Urban area
2004 288,9 km2
Nam 2004 Nim 2008 2008 307,2 km2
T 2012 334,4 km?2
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fi‘-ﬁ_'f o

~== : 2015 344.1 km2

o

Nam 2012 Nam 2015]
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Urban expansion map over Hanoi(2004 — 2015) F I M ¢
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SATELLITE AIR QUALITY
(PM2.5) ESTIMATION ALGORITHM
OVER HANOI
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DATA COLLECTION
For air quality index estimation

Data type Aerosol Satellite Aerosol Ground -
Product temperature Optical measurements
Depth PM2.5
Abbr MODO04 3K  MODO06, VIIRS AERONET CEM PM2.5
MODO7 LST AOD
Spatial 3 km 5 km 1 km - -
Resolution
Time 2004, 2008, 2004, 2012, 2012, 2015 2012, 2015
2012, 2015 2008, 2015
2012
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Data coverage of original and fused AOD data

Data Coverage
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Aeronet AOT

Aeronet AOT

Quality of original and fused AOD data F I M
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y=0.4017x+12.393

PM Regression model 2012
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Annual PM2.5 over Hanoi (2004)

106° E 106° E
1

22°N 1\“ % e {
\ &\ Thai N 7
ai Nguyen
2 K S
/ ) ¢
{ ) ) 3 g
Vinh Phuc :

PhuTho ™ . Bac Giang

1,

S
Son

,\J\af \L{_

Hoa Binh

Legend
pm2.5_HN_3km_2004
Value
] High : 50
- Low: 10 \_\
21° N+ \/\

© 2019 FIMO http://[fimo.edu.vn



Annual PM2.5 over Hanoi (2008)
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Annual PM2.5 over Hanoi (2012)
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Annual PM2.5 over Hanoi (2015)
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Annual PM2.5 over hanoi (2004 — 2015)

Year PM2.5 Concentration
2004 31.076
2008 30.399
2012 26.707
2015 23.660

© 2019 FIMO http://fimo.edu.vn



IMPACTS OF URBAN EXPANSION
ON AIR POLLUTION
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Impacts of urban expansion on air pollution

Correlation between urban expansion and AOD value
in Vietnam from 2004 to 2015
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Impacts of urban expansion on air pollution

Correlation between urban expansion and PM2.5 value
in Vietnam from 2004 to 2015
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Impacts of urban expansion on air pollution

Correlation between urban expansion and AOD value
in Hanoi from 2004 to 2015
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Impacts of urban expansion on air pollution

Correlation between urban expansion and PM2.5 value
in Hanoi from 2004 to 2015
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Impacts of urban expansion on air pollution

Correlation between urban expansion and AOD value
in Hochiminh city from 2004 to 2015
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Impacts of urban expansion on air pollution

Correlation between urban expansion and PM2.5 value
in Hochiminh city from 2004 to 2015
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Urban area over Hanoi districts (2004 — 2015)
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Urban area over Hanoli districts (2004 — 2015)

Averaged PM2.5 over Hanoi
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Urban area (km2)
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Urban area over HCMC districts (2004 — 2015)

Urban area over HCMC Districts (2004 - 2015)
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Urban area over HCMC districts (2004 — 2015)

Averaged PM2.5 over HCMC Districts

75 50 N 25.36
25.00 24 .83
24.51
24.50
N
g 24.00 23.78 23.78
= 23.62
23.50
23.50
23.00 I
22.50
2004 2008 2012 2015

B Strong Variation Area B Weak Variation Area

© 2019 FIMO http://[fimo.edu.vn



SEAP: A SPATIAL DATA
EXPLORATION AND ANALYSIS
PLATFORM FOR MONITORING

ENVIRONMENT CHANGE




Current state of spatial data

» The era of Big Spatial Data
— Data sources

Satellite UAV 10T Smart phones

» FIMO satellite station
— 3 satellite: Terra, Aqua, Suomi NPP
— Boundary: Vietham
— Total data: ~700 TB
— Up to 60 GB daily spatial data

a1 © 2019 FIMO http://[fimo.edu.vn



Spatial big data analysis platforms F I M

OPEN
DATA
CUBE

Google Earth Engine

Earth Observation Datacube
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SEAP: a Spatial data Exploration and AnaEil M
Platform for Monitoring Environment Change
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Data sources

= Satellite images
— FIMO Satellite station (Modis Terra/Aqua, NPP VIIRS)
— Open satellite data sources

= UAV

= |OT

44
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)
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a USGS

science for a changing world




Data collector F I M
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Data storage

» Hadoop — HDFS
— Satellite image

= MongoDB + Elasticsearch
— Observing data in 10T
— LRIT/AIS data

= PostgreSQL
— Base-map
— Metadata

46
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Data processing

= Big data processing
—Apache Spark

» Technology
—Spatial data analysis
—Machine learning
—Deep Learning

» Programing language
—Python
—R
—Scala

47

Deep Learning
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Service pool

Connect / Read

GeoDatabase

(Postgre,
Oracle, ...)

Map Server

(Arcgis server, Geo server, ...)
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Air quality monitoring system based on SEAP

Sources Data Collector Storage Processing Service-Pool Interfaces @
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Urban monitoring system based on SEAP

Sources

1.1- MODIS Terra /' Aqua
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Users Upload

Base-Maps

50

Data Collector

SHIMP

—

Storage

@ PDES;

2.1- MODIS310Q1 250m
2.2- MOD44W

—

PostgreSQL

2.3- Worldpop 100m

2.4- DMSP-OLS 1km -
2.5- EstISA 1km

2

5-
.6- BaseMaps

Processing

SAPACHE&

oark’

21
- Calculate NDVI
- Calculate NDVI_ MAX
23 cyele
2.3:24:2.5:2.6
- Resample, Aggregate to
500m

- Select data in Vietnam
region

Threshold

: !

Combine 2.2

- Estumate Urban

Service-Pool

RESTFUL

API

Interfaces @——————

@ Py
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Thanks for your attention!
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