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Research topics

- Phenological Eyes Networks
(PEN)

- Sensor validation tasks
(GCOM-C project, JAXA)

- Land Use Land Cover mapping
+ Viet Nam
+ Japan
+ Thailand
+ Bangladesh
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LULC changes are main causes of

many environmental issues

Conversion of forests to Biodiversity loss, habitat disruption,

urban/built-up or cropland W) exacerbated climate change, natural disasters
(Betts et al., Nature, 2017)

Conversion of cropland AQr] Vi i
_ griculture productivity, food security,
to urban/built-up ‘ (Anwar et al., Remote Sensing, 2023)

Decrease open land due
to urbanization > increase )
household waste water

Reduction of ground water quality
(Ahmad et al. Scientific Reports, 2021)

Change the earth surface’s albedo

Increase of solar panel W) and heat exchange with atmosphere
(brennan et al., Scientific Reports, 2014)

LULC mapping is an important but a challenging task

- Temporal coverage - Accuracy
- Spatial coverage - Number of categories

- Spatial resolution



Old products

Existing global LULC maps

recent products

MCD12Q1| GLC2000 GLCNMO |GlobCover| ESA-CCI | FROM_GLC | CGLS-LC100 GLC_FS30 ESRI | ESA | DW
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- Increase of spatial resolution (1000 m >>> 10 m)

MCD12Q1: MODIS Land Cover Type Product
GLC2000: Global Land Cover
GLCNMO: Land Cover GLCNMO Global
GlobCover: GlobCover land Cover Maps
ESA-CCI: ESA Climate Change Initiative Land Cover
FROM_GLC: Finer Resolution Observation and Monitoring-

Global Land Cover

A big contribution of

Sentinel-2 and
Sentinel-1

CGLS-LC100: Copernicus Global Land Service (CGLS-LC100)
GLC_FS30: Global Land Cover Product with Fine Classification

System

DW: Dynamic World
ESA: ESA World Cover
ESRI: ESRI Land Cover




Recent global LULC maps

g GOOGLE EARTH ENGINE
= DYNAMIC WORLD TIMESERIES

Download ESRI 2020

« Global Land Cover Data

%,

ESRI 2020 Land Cover
W water
W Trees
Grass
Flooded Vegetation
Crops
SerubyShrub
W Built Area
Bare Ground
Snow/lce

Tree cover . Water Scrub/Shrub

LEGEND

- Wates Shrubland ‘

- Trees Grassland - Trees . Built Area
— e Grass Bare Ground
- Flooded vegetation . Built-up

Bl Crops e e Flooded Vegetation Snow/Ice

Snow and ice
Shrub and scrub

Bl suilt
Herbaceous wetland
P Bare " S5
angroves

Il Snow and ice Moss and lichen

Permanent water bodies

Crops Clouds



Some countries have produced their own LULC maps

National Land Cover
Database
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The importance of LULC mapping for Vietham

- Total area: 330,000 km?

- Forest cover: 42 % total area

- Economic growth rate: 8.0 % (2022)

- One of ten countries with the richest biodiversity

q’ Forest Sector
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- To 2030: reduce greenhouse emissions
by 70% and increase carbon sinks by 20%
compare to business-as-usual scenario (BAU)

Land use planning and management

Biodiversity evaluation and conservation

SDG of Forest and Land use sector

1411

Various applications: biomass estimation,
disaster countermeasure, REDD+, etc.

BAN PO HANH CHINH NUGC CONG HOA XA HOI CHU NGHIA VIET NAM
ADMINISTRATIVE MAP OF SOCIALIST REPUBLIC OF VIETNAM

et A A B T e kil LE SCALE 1:9 000 000




Existing Nation-wide LULC maps of Vietham

st LKA Grur A SERVIR@GHr @t LA
50 m (2015 - 2018)
7 categories, 3333}3&32‘5}

OA: 79% R

10 m (2007 & 2016)

30 m (1990 - 2020) - 12 categories
17 cgtegogles 30 m (2000 - 2017) OA: ~85%
OA: 77.6% - 18 categories
84.7% OA: 94%

This study’s plan
10 m (2017- 2022)

> 12 categories,
OA: > 90%



The selection of classification algorithm

Convolutional Neural Network (CNN) has been the most frequently used method for
remote sensing applications
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CNN: Convolutional Neural Network ﬂmwmmgﬁwmmmmﬂm“
AE: Auto-encoder 3"50%%t iters 'ngﬁa'i%ﬂfﬂ??"-ﬁ? (Ma et al., 2019)
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JAXA has been developing a new CNN

for using multi-temporal data

I Convolution layer + ReLU LULC map Of Japan ver. 21.11

kernel size: (3, 3), stride: 1, zero padding 12 Categories
I Max-pooling layer

Pool 2;
kernel size: (2, 1)

(7.2,32)

Conv 5, Conv 6
(7,2, 16)

stride: 1, zero padding OA 88 85 + 1 . 23

I:I Fully connected layer

channel: 16

Fully connected layer + softmax
channel: 12

code | category
water
urban
vice paddy
crop
grass
DBF
DNF
EBF
ENF
bare land
bambos
solar panel

Dense | Output
16 12

Conv 3, Conv 4
(14,2,32)

Pool 1 Pool 3
kernel size: (2, 2) kernel size: (2, 2)
(14,2, 64) (3,1,16)

=N R N

An example of a training data

Sentinel-2 L1C B2
Sentinel-2 L1C B3
Sentinel-2 L1C B4
Sentinel-2 LI1C BS
Sentinel-2 L1C B6
Sentinel-2 L1C B7 .
Sentinel-2 L1C B8

Sentinel-2 L1C B8a .
Sentinel-2 L1C B11 D No update(v21.03: using)
Sentinel-2 L1C B12

NDVI .

GRVI

NDWII

NDWI2

Gisl

HBQ HH polarization amplitude (ascending: 5x5 Gaussian filter)

HBQ HV polarization amplitude (ascending: 5x5 Gaussian filter)

HBQ VV polarization amplitude (ascending: 5x5 Gaussian filter)

HBQ Pauli: HH-HV polarization amplitude (ascending; 555 Gaussian flier)

HBQ Pauli: HH-HV polarization amplitude (ascending: 5x5 Gaussian filter)

HBQ cross-corrclation between HH and HV (5x35 window)

HBQ polarimetric entropy (5x5 window)

HBQ total polarization amplitude texture (5x5 window)

URBS T polanization amplitude (descending; 3x3 look)

UBS incidence angle

AW3DSm DSM 10
Longitude

Latitude

Input Conv 1, Conv 2
(28,4, 1) (28, 4, 64)

Structure of CNN model used for
producing LULC map of Japan
v.21.11

(Hirayama et al., 2022)

Aut Win Spr Sum



Classification

ARtEIENEEEEREEeeeecsamssEssEEEEREREses-saa

Algorithm

SEssssssssmsssasassssnsEEEREnEn

H Spatial
dimension
(1°x 1°)

sranes

Sentinel-2 (B2)
Sentinel-2 (B3)
Sentinel-2 (B4)
Sentinel-2 (B8)
Sentinel-2 (B5)
Sentinel-2 (B6)
Sentinel-2 (B7)
Sentinel-2 (B8a)
Sentinel-2 (B11)
Sentinel-2 (B12)
Sentinel-2 (NDVI)
Sentinel-2 (EVI)
Sentinel-2 (GNDWVI)

(=R = R R O T

Pool 1
kernel size: (2, 2)
(20, 3, 128)

Conv 5, Conv 6 Pool 4

Sentinel-2 (GRVI)
Sentinel-2 (NDWI1)
Sentinel-2 (NDWI2)

(10, 3, 32) kernel size: (2, 1)
(3.2 16) Output
(14)

Sentinel-2 (GSI)

Sentinel-1 (VV)

Sentinel-1 (VH)

Sentinel-1 (Difference)
Sentinel-1 (Ratio)

Sentinel-1 (VV sum average)
Sentinel-1 (VV dissimilarity)
Sentinel-1 (VH sum average)
Sentinel-1 (VH dissimilarity)
PALSAR-2/ScanSAR (HH)
PALSAR-2/ScanSAR (HV)
PALSAR-2/ScanSAR (Difference) Pool 2
PALSAR-2/ScanSAR (Ratio) kernel size: (2, 1)
PALSAR-2/ScanSAR (NDI) Input Conv 1, Conv 2 (10, 3 54)‘
PALSAR-2/ScanSAR (NLI) (40, 6, 1) (40, 6, 128) —
PALSAR-2/ScanSAR (HH sum average)

PALSAR-2/ScanSAR (HH dissimilarity) . N
PALSAR-2/ScanSAR (HV sum average) Convolutional layer + ReL U Max-pooling layer Fully connected layer [l Fully connected layer

PALSAR-2/ScanSAR (HV dissimilarity) kernel size: (3, 3), stride: (1, 1) stride = kernel size channel: 16 channel: 14

AW3D (DSM) zero padding zero padding

AW3D (Slope)

Open street map (distance to road) ]. ]_
Longitude

Latitude

Conv 7, Conv 8 Dense 1
(5, 2, 186) (16)

Pool 3
kernel size: (2, 2)
(5,2,32)

Conv 3, Conv 4
(20, 3, 64)




Satellite data used to produce time-series LULC maps

No

Data

Sentinel-2
(level 2A, level 1C)

Sentinel-1 GRD

PALSR-2/ScanSAR

ALOS AW3D DSM
OpenstreetMap

Spatial resolution / bands

10 m (B2, B3, B4, B8)

20 m (B5, B6, B7, BSA,
B11, B12)

NDVI, EVI, GNDVI, GRVI,
NDWI1, NDWI2, GSI

10 m (VV, VH, VV-VH,
VV/VH, VV_savg, VV_diss,
VH_savg, VH_diss)

25 m (HH, HV, HH-HYV,
HH/HV, NDI, NLI, HH_savg,
HH_diss, HV_savg,
HH_diss)

30 m (DSM, Slope)
Distance to Road

TimelSeasons

S1. 20XX/01/01-20XX/02/29

S2. 20XX/03/01-20XX/04/30

S3. 20XX/05/01-20XX/06/30

S4. 20XX/07/01-20XX/08/31

S5. 20XX/09/01-20XX/10/31

S6. 20XX/11/01-20XX/12/31
(XX: 17-22)

2017-2022

12



The problem of cloud in Sentinel-2 images in Vietham

S1: Jan. & Feb.
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Images used

2020/01
2020/02

2020/03
2020/04

2020/05
2020/06

2020/07
2020/08

2020/09
2020/10

2020/11
2020/12

Normal approach Our approach

Example of making cloud-free time-series images for 2020

Images used

2020/01 x 2, 2020/02 x 2
2020/03 x 1

2019/01 x 1, 2019/02 x 1
2021/01 x 1, 2021/02 x 1

2020/03 x 2, 2020/04 x 2
2020/02 x 1, 2020/05 x 1
2019/03 x 1, 2019/04 x 1
2021/03 x 1, 2021/04 x 1

2020/05 x 2, 2020/06 x 2
2020/04 x 1, 2020/07 x 1
2019/05 x 1, 2019/06 x 1
2019/04 x 1, 2019/07 x 1
2021/05 x 1, 2021/06 x 1
2021/04 x 1, 2021/07 x 1

2020/07 x 2, 2020/08 x 2
2020/06 x 1, 2020/09 x 1
2019/07 x 1, 2019/08 x 1
2019/06 x 1, 2019/09 x 1
2021/07 x 1, 2021/08 x 1
2021/06 x 1, 2021/09 x 1

2020/09 x 2, 2020/10 x 2
2020/08 x 1, 2020/11 x 1
2019/09 x 1, 2019/10 x 1
2019/08 x 1, 2019/11 x 1
2021/09 x 1, 2021/10 x 1
2021/08 x 1, 2021/11 x 1

2020/11 x 2, 2020/12 x 2
2020/10x 1

2019/11 x 1, 2019/12 x 1
2021/11 x 1, 2021/12 x 1



Producing time series of reference data

2017 2018 2019 2020 2021 2022

ban/Built-up

Grass/Shrub  [IELTIGATN ST E
uuuuuuuuuuu

170,000 reference data for 2020 have been collected by visual 15
interpretation on Google earth, Sentinel-2, Planet’s scope



Contents lists available at ScienceDirect

Method for reference data migration

.| The migration of training samples towards dynamic global land cover
mapping

Huabing Huang™ "™

ISPRS Journal of Photogrammetry and Remote Sensing

journal hamepage: wew.elsevier.com/locatelisprsjprs

, Jie Wang™“, Caixia Liu", Lu Liang®, Congcong Li', Peng Gong™"
https://doi.org/10. 1016/j‘isprsjprs.2020.(}1.01(}

Received 21 October 2018; Received in revised form 6 December 2019; Accepted 9 January 2020

2020 (t1) Target year (t2)

v Xi(i1) Yi(i2)
w‘ﬁ Zfi 1(Xf(t1))2 Z;Pi 1 (Y (tz))z
SAD = cos(6) (1)

N
ED = \/Ei=1 (Xi(tlj — }E(tz))z (2)
SAD: Spectral similarity
SAD ---> 1 : LULC no change
ED: Spectral distance

ED ---> 0 : LULC no change

v i. is the target pixel (red point)
Xian | IS reference spectra at time t1

Yiu» . IS the target spectra at time t2
N: is number of bands

= cos—!




The selection of threshold value for reference data migration
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0 50 100150 km 0 50 100150 km

0 50 100150 km

0 50 100150 km

Overall | User’'s | Prod.’s
Acc. Acc. Acc

2017 9%-.3;1 9%.-93 + 8%.98 +
2018 9%—% * 9%.? 8%..67 +
2019 9%‘72 * 936.?2 - 8%_3 +
2020 9%-_1 = 995.% - 8%_% +
2021 9%-.; x 996'_% + g](_)_.% +
2022 9%-.521 9%% + 82..:; .

Rice
Other Crops
Grass/Shrub

Water
Urban/Built-up

Mangrove Forest

Aquaculture

Solar Panel
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A comparison with other LULC products

PlanetScope 2020  Our map 2020 DW 2020 ESRI 2020 ESA 2020 JAXA 2016

107518 16751 E 10751E

WTS1E
10 EE

Water Urban/Built-up Tree Barren Grass/Shrub Flooded vegetation Crops
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Examples of LULC changes in Vietham from 2017-2022
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The rapid increase of solar panel facilities

Development of the Rooftop Solar Systems and Installed Capacity in

Viet Nam N Reported by Viet Nam Energy
i . 10,000.0 X
100000 9,730.87 o PartnerShlp GrOUp, 2020
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Published Data on JAXA’s website
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High-Resolution Land-Use and Land-Cover Map of Vietnam for 2020
(Released in September 2023 [ Version 23.09)

sImean
W z015 W 2008 M199s
W 2017 W 007 W1997
2016 W2005 M 1996
W2015 W2005 M 1995
W z014 W00 M199s
W 2013 W2003 W1993
W2012 W00z W19s2
W2011 M3001 M iss

= el | Bamboo area

I Dewnload product

A4 EORC AL®S ¥4 EORC AL®S

Annual Land-Use and Land-Cover Maps of Vietnam from 2015 to 2018 A — - . A JERS-1
(Released in August 2019 [ Version 19.08) ’ .

Felsarees | Yow can switch Layers with check boses.

W 2006(ver. 20.06)

e m

n 2007 (ver.21.04)
CgsiMap
i O
B i
..... -] B
|
‘a
BT we weor bl aweco st oorort i

1 Download product

22



Conclusions and Recommendations

- The new CNN model showed good capability to produce a high accuracy LULC
maps, especially, in preserving the shape of objects

- Accuracy assessment using ~40,000 points showed high accuracy of more than
90% for all maps from 2017-2022.

- Deforestation was detected in some places, corresponding with the fact that
deforestation has been occurring in Vietnam.

- Solar panel facilities has been rapidly increasing since 2019
Suggestions for future studies:

* More investigation on the contributed factors to accuracy of LULC maps, such as
temporal profile of satellite data, arrangement of feature (bands, indices), number
of features, combination of different satellite images.

* The contribution of number of training data to accuracy of LULC maps

* Improving the classification algorithm such as: model structure, model’s-
parameters optimization
23
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