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o LC maps are fundamental for a wide range of users and applications
such as planning, nature and biodiversity protection, natural
resources management, etc.

o LC products represent a key input to monitor
the indicators of the Sustainable Development
Goals (SDGs)
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o LC data promote evidence-based policy-making on issues like soil
consumption and deforestation




High Resolution Land Cover

L[ I

FROM-GLC 2010, 2015 Tsinghua University
Globeland30 30 2000, 2010,2015 National Geomatics Center of China
(NGCC)
Global Water Surface 30 1984-2015 Joint Research Centre (JRC)
2007-2010 Japan Aerospace Exploration
Forest / Non-Forest map 25 2015-2016 Agency (JAXA)
Global Urban Footprint 12 2011 German Aerospace Center (DLR)
Global Human Settlement Layer 38 1975, 12%913’ 2000, Joint Research Centre (JRC)
Tree Cover 2000
Global forest cover gain 30 2000-2012 University of Maryland

Global forest cover loss 2000-2015



Outline

* Monitoring land use change using satellite images and artificial
intelligence

* Operational Updating of GlobelLand30

e Spatiotemporal evolution of urban within Guangdong-Hong Kong-
Macau Bay Area in 1987-2017

* Global High Resolution Land Cover Validation Capacity Building

 Validating land cover through mapathons - challenges and
opportunities
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Change Detection Methods

Model-based [ a;/;?;t?clzs ] Algebra
/. Markov random field N\ /o Change vector analysis\
« Active contour model f * Image differencing

. ECM, k-means * Image rationing

» Deep learning

Object
Super-pixel
Pixel

’ » Image correlation

\' . J

Sub-pixel

: ' Post classification
Transformation

* Principle component analysis

« Kauth-Thomas tasseled cap
 Fast Fourier transformation .

. oo y

/- Maximum likelihood )
« Random forests
« Support vector machine




Strategy: Design New Methods

1) Dynamic threshold model

2) Fuzzy topology-based model

3) MRF model incorporating spatial attraction
4) Designed new level set model

5) Local spectral similarity-based model



Similarity Model based on Local Spectral Trend
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Landslide Extraction

Deep
Learnin
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Landslide feature
representation
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CNN extraction result CNN extraction result with post processing




Results and Comparison

Pixel-based Assessment

Precision Recall F1 Score

Feature-based

0,
Method S0 1e

592.74%

Al-based 0 0
Method 90.10% 78.29% 0.8378
Increase Rate +33.94% +25.55% +0.2939

Object-based Assessment

Precision Recall F1 Score

86.96% 52.46%

85.71% 93.02% 0.8922

-1.25% +40.56% +0.2378
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The System
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Urban Land Use CD

& Change Detection
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Vegetation Cover CD
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Water Body CD

Difference image

Compute the membership
functions for both the classes
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China Launched GlobelLand30 on Sep. 2014, the 15t 30-m earth land
cover map with 10classes and two years (2000,2010)
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Chen et.al. 2015. Global land cover mapping at 30m resolution: a POK-based operational approach, ISPRS J. P&RS, 103 (2015): 7-27
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Proportion of
Each Field

Climate Change 7.51% 38.62% 31.29% 7.32% 9.32% 3.06% 10.39%

Research Fields University  Institute  Government NGO UN Other

[ Biodiversity and Ecosystem 26.94% | 48.85% 32.26% 0.59%, 3.19%  1.15% 13.96%
Disaster Resilience 13.69% 73.78% 10.30% 9.72% 1.68%  2.26%  2.26%
Energy and Mineral 5.33% 29.46% 29.46% 20,64% 432%  0.00% 16.14%

Resources Management
Food SEcu.nt'f and
Suepgopret Y A 10.09% 48.86% 16.25% 3.87% 12.39%  6£.24% 12.39%
Infrastructure and
Transportation 3.84% 48.96% 26.56% 2.08% 12.24%  0.00% 10.16%
Management
Public Health Surveillance 1.06% 40.39% 38.67% 3.94% 567%  5.67% 5.67%
Sustainable Urban 15.98% 64.21% 19,599, 6.38% 244%  1.00% 6.38%
Development
Water Resources 12.53% 59.38% 19.39%, 7.50% 1.84% 0.64% 11.25%
Management
Proportion of each 100.00% 53.88% 23.81% 5.72% 4.62%  1.96% 10.02%
organization (Sum)

Note: The italic figures mean the relative proportion of each organization in this research filed, and the sum of each
line is 100%.
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Madhusoodhanan, C.G.; Sreeja, K.G.; Eldho, T.I. Assessment of uncertainties in global land cover products for hydro-climate modeling in India.
Water Resour. Res. 2017, 53, 1713-1734.
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Fig. 7. a) Map of land cover persistence within 2000 2010, b) Transition from all classes to bareland within 2000 2010. Fig. 8. Cubic trend of change towards bareland (a), artificial surfaces (b), cultivated land (c), forest (d).

Jamal Jokar Arsanjani. 2018. Characterizing, monitoring, and simulating land cover dynamics using GlobeLand30: A case study from 2000 to 2030.
Journal of Environmental Management
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Figure 2. Prediction maps from MaxEnt showing probability of elephant occurrence within the study area based on the Globeland30
(left) and Globcover (center) based on GPS collar training data, a subset of which is shown over Globeland30 classification scheme

(right).
Xu, W.; Heys, B.; Fayrer-Hosken, R.; Presotto, A. Modeling the distribution of African Savanna elephants in Kruger National Park: An application of
multi-scale GlobeLand30 data. ISPRS-Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci. 2016, XLI-B8, 1327-1334. [CrossRef]
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Updating Strategy

Improved split-and-merge strategy to update GlobelLand30

Other Veg




Updating Strategy

Improved split-and-merge strategy to update GlobelLand30

Level 1: easy to extract automatically

Level 2: partly east to extract automatically with
regional characteristics

Lever 3: easy to confuse and depend more on
other characteristics than spectral and
texture




Multi-scale Segmentation

split-and-merge Updating

Merge with Unchanged Area

Post editing with Computer-human interaction

Lever 3: knowledge dit and extraction
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Multi-scale Segmentation

Deep Learning extraction with automated workflow is
under development

split-and-merge Updating
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Edge length calculation with 3km grid using Mean, then integrate to 1:250000 map sheet grid
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Conclusion

GlobelLand30 is widely used in many areas which give a strong support to update and improve
the product.

Improved split-and-merge updating strategy has been promoted and implemented on
updating project.

Quality control approaches are developed to provide a comprehensive way to identify the
possible omit and emit objects.

A more integrated and automated workflow and operation are under development to improve
the efficiency of updating.

Spatio - Temporal inconsistency between different version to auto-detect errors is designed and
under development.
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Guangdong-Hong Kong-Macau Bay Area has been experiencing a
remarkable urbanization process during the past several decades. We
need to understand the three aspects of information:

The spatiotemporal features of urban expansion in 1987-2017

The rationalities of urban expansion within this bay area .




(1) Guangdong-Hong Kong-Macau
Bay Area includes eleven cities (9+2).

(2) This bay area has a population of  Guangdong-Hong Kang-Macao Bay Area
more than 0.66 million and a total area of
about 56000 square kilometers.

Lhaogin
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(3) It is also the starting point of the Foshar A
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Thirty-two Landsat TM and OLI images captured around 1987,
1997, 2007 and 2017 were downloaded from the USGS Global
Visualization Viewer (GloVis, ).

Socio-economic data included population and gross domestic product
(GDP) of eleven cities within the bay area in 1987-2017.

v" Spatiotemporal evolution of urban: Integrating remote sensing, landscape



https://glovis.usgs.gov/

Spatiotemporal evolution of urban agglomeration

_ Urban areas (km? - Urban area changes (km?

Guangdong-Hong Kong-Macau Bay Area 1987 1997 2007 2017 1987-1997 1997-2007 2007-2017
1996.27 4481.96 7568.19 1390.56 2485.69 3086.23
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(a) Guangzhou (b) Shenzhen

Spatiotemporal evolution of eleven cities

B 1057 1997 2007 2017
146.90 422.96 693.44 1486.24

B 67.67 337.32 583.04 776.77
Hong Kong  [ESEWPAY 124.92 183.56 203.42
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urban agglomeration level

Existing urban

Urban expansion

in 1987-1997
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(b) Shenzhen

(a) Guangzhou

J

Outlying, edge-expansion and infilling
are three types used for descripting urban
growth types of Guangdong-Hong Kong-
Macau Bay Area .
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City UPEC I UGEC
1987-1997  1997-2007  2007-2017  1987- 1997-2007  2007-2017
1997

(1)The UPEC values varied 1210 151 247 022 020 0.66
: o . 0.99 1.00 1.09 0.18 0.17 0.18
with cities and periods, and 223 8.60 155 016 044 0.16
o -17.91 5.21 0.31 0.23 0.89 0.04

the values of most cities all 1.73 1.49 414 0.28 0.26 056
1.18 12.02 3.25 0.02 1.84 0.29

exceed 1.12, except for 1634 1833 1157 025 124 0.6
11.13 6.50 2.26 0.83 0.56 0.28

Shenzhen and Macau (1987- 6.88 134 353 060 021 036
19.67 22.86 9.45 0.27 1.66 0.30

1997 and 2007-2017, 4.03 5.63 401 027 090 0.42

Guangzhou Guangzhou

respectively) o)

Zhuhai _— 203 \\ Shenzhen P \?henzhen

Zhaoging ’ // :‘ . Hong Kong Zhaoqing L/ 7
(2)Generally, UGEC showed [ KA /520N T | | 't
that the average annual rate of Ly |

- Lokt T TUN \ POAD ¢ e WA
economy exceeded the e T\ N WSO PNas vy

Zhongshan iy 1\\‘», v , Foshan Zhongshan\(f : - lr"-; -:V Foshan
) ¥ k \'j = X o~
Jiangmen Huizhou Jiangmen Huizhou
UPEC —— 19872017 UGEC

—e— 1997-2007 —e— 2007-2017



Conclusion:

(D Over time, Guangdong-Hong Kong-Macau Bay Area formed a triangle
zonal expansion pattern.

@ The composition of urban expansion types varied with cities and study
periods.

(3 Most cities’ expansions exceeded rational level, except for Guangzhou
(1997-2007), Hong Kong (2007-2017), Foshan (1987-2007), Huizhou
(1987-1997) and Dongguan (1997-2007).
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High-resolution LC maps are rapidly increasing due to the continuous advances
in Remote Sensing sensors and geospatial technologies

o Several countries (e.g. EU, USA, Australia) and political organizations have
their own high-resolution LC maps

o Developing countries do not have their own high-resolution datasets but
they can benefits from the free availability of open global high-resolution
LC products (e.g. GlobelLand30)

It is imFortant that data users and producers in the fields of GIS and RS,
especially in developing countries, have:

o Awareness of the existence and importance of global high-resolution LC
maps

o Capability to perform high-resolution LC maps validation and inter-
comparison to determine their usability for different applications



1Sprs

e |t was funded by the International Society for
Photogrammetry and Remote Sensing (Educational and
Capacity Building Initiatives 2018

e Chairs: Maria A. Brovelli, Politecnico di Milano and Hao Wu,
National Geomatics Center of China

* Creation of ad hoc teaching material released under open
access licenses, and software-based material released under
open source licenses to maximize the exploitation and
impact within the community



Desktop solution

ps://gIthub.com/Goricab/Le
validation) written by M. Molinari and G. Bratic under the
guidance of M. A. Brovelli



https://github.com/GoricaB/Land-cover-validation

Desktop solution

Use case 1

Objective

Validation of GlobeLand30 by means of a comparison with a reference
points dataset obtained from LUCAS, a land use and land cover survey
programme promoted by Eurostat.

Area of interest

Lombardy Region (Northern Italy)

Datasets

* Globeland30 2010 raster maps covering the Lombardy Region area:
N32_ 40 2010LC030, N32_45 2010LC030 (available in DATA\GL30_Italy
folder). The data are provided in WGS84/UTM32N coordinate system
(EPSG: 32632)

* LUCAS 2009 dataset related to Italy (available here or in DATA\LUCAS
folder). The data are provided in WGS84 reference system (EPSG: 4326)

Use case 2

Objective

Validation of GlobelLand30 by means of a comparison with a reference raster
dataset obtained from DUSAF, a land use and land cover database of Lombardy
Region, Italy.

Area of interest
Como Province, Lombardy Region (Northern Italy)

Datasets

* GlobeLand30 2010 raster map covering the Como Province area:
N32_45 2010LC030 (available in DATA\GL30_Italy folder). The map is provided
in the WGS84/UTM 32N coordinate system (EPSG: 32632)

* DUSAF 4.0 — Use of soil 2012 database consists of vector maps for every
province in Lombardy Region, as well as for the whole Lombardy Region
(available here). The map is in WGS84 reference system, UTM 32N projection
(EPSG:32632).

o @ & @ & .




e Most commonly used: * Derived from information theory

e Overall accuracy (P0)
e Producer’s accuracy (PA)
e User’s Accuracy (UA)

 Derived from PO, PA, UA

e Average of user’s accuracy (AUA) or of
producers accuracy (APA)

e Combined user’s (CAU) or producer’s

accuracy (CAP) o
 Hellden’s mean accuracy (MAH) .
e Short’s mean accuracy (MAS) .

e Classification success index (CSI) and its
variations Group Success Index (GCSI) and

Average mutual information (AMI) and
different ways of normalizing it (NMla —
arithmetic mean, NMlg — geometric
mean)

* Kappa and kappa-like indexes

Standard kappa index (K)
Conditional kappa (Kc)
Weighted kappa (Kw)
Tau (7)

Aickin’s alpha (a)
Ground truth index (GT)

Individual classification success index (ICSI) « |ndexes of disagreement

 Margfit

Quantity disagreement
Allocation disagreement



Web solution

Land Cover Types

L oM Y &

Water Wetland Artificial Tundra Permanent
bodies Surfaces snow and
ice

v fl o w A £

Grass Barren Cultivated Shrub  Forests

lands lands land lands

Water bodies
Kingdom of thousands of lakes,
The largest country in the wat
Beaded Great Rift Valley lakes

The world's largest river basi

NEXT

Description

|Oballandcover.co

ongiude:-41.0359

=ICPE 1203197655


http://www.globallandcover.com/

Online Validation of GlobelLand30

STEP 4: Sample judgment

® Plausibility judgment
) Blind judgment

Rate of progress: 100.00%(310/310)
Product: GlobeLand30-2010

Region: Ukraine

Sampling method: Landscape Shape Index

Confidence level: 53%

Selection method: Random sampling

LCType Count
Cultivated land 23
Forest 50
Grasslands 50
Artificial surfaces 46
Water bodies 39
Wetland Sy

Shrublands 30

LA R R

Bareland "

Download samples dataset

o

RLLVIRATA
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Mobile solution 8-
=

Mobile applications

-

! APACHE — =) CouchDB
Vpouchdb -

Leaflet ["

L

Everyone Informa...
| + 17
.b.kl.\:m ;
aiJiJ U 9 -

omo.polimi.it

You can install it on your iOS or Android mobile device, using App Store
or Google Play respectively. Search for “Land Cover Collector”.

You can also download the apk for installing it on Android devices from
https://landcover.como.polimi.it/collector/land-cover-collector.apk.

Insert your point of land cover! C}



https://github.com/kilsedar/land-cover-collector
https://landcover.como.polimi.it/collector/
https://landcover.como.polimi.it/collector/land-cover-collector.apk

Register
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POLITECNICO POLITECNICO

MILANG 1863 URBAN-GEO BIG DATA oL ETOR MILANG 1863 URBAN-GEO EIG DATA

LLES -y

Welcomel! Please insert the following information: Welcome! Please insert the following information:

Gender Gender

Female

Land Cover Collector

Thank you! Now you can start to contribute!

Work status

Student o
O

Work status

By registering you are accepting the terms and conditions.

e You should be at least 18 years old to use the

application.
. s The land cover information you provide, including the

ReQISter O photos, will be used for scientific purposes and may
be made publicly available,

* Any form of data manipulation is not allowed.

¢ Politecnico di Milano - GEOlab shall not be held
responsible for any damage, injury, loss or expense
of any kind.

By registering you are accepting the terms and conditions.

Register ()



Collect data
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MILANO 1863 URBAN-GEO BIG DATA

- My map Everyone Informa...

9
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Add
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ge
9 A”OW Land Cover Not your current location? Drag

Collector to access the marker to correct!
this device's location?

United Kingdom
Benapych

DENY  ALLOW
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Romania

Insert your point of land cover!

Leaflet | © OpenStreetMap contributors|




Collect data
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Collect data

i i @
EEE POLITECNICO A m POLITECNICO

LAND COVER MILANOG 1863 URBAN-GEO BIG DATA oy MILANO 1863 URBAN-GEO EIG DATA

o

_ ] / Piola 3

Piscina i o g iBiocliBon 2 [ Piscina J

—Romano~

L { ¢ r
I ’ <
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Collect data
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Visualize & query data
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Certainty of the classification:
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Visualize & query data

POLITECNICO POLITECNICO

MILANO 1863 URBAN-GEO BIG DATA € MILANO 1863 URBAN-GEO BIG DATA

My map Informa... My map Everyone

= Via Staro

e®) OpenStreetMap OpenStreetMap

Bing Aerial e) Bing Aerial
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. Wetland
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from OpenStreetMap to
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location.

eaflet | © 2018 Microsoft Corporation, © 2018 DigitalGlobe, ©CNES (2018)
Distribution Airbus DS
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High-Resolution Land Cover Inter-comparison
and Validation

Nalrobl, 3 September 2018, 9:00-13:00 am

Reglonal Centre for Mapping of Resources for Development (RCMRD)
Kasarani Road, Off Thika Road

P.O Box 632-00618

Nairobl, Kenya

Room: GIS Training Lab

Speakers: Prof. Chen Jun, Prof. Maria Antonia Brovelli, Mr. Peng Shu, Dr. Marco Minghinl
Local Organizers: Mrs. Phoebe Oduor and Kenneth Kasera

natural resources
ke Soil Consumplion

especaly where

i_sp_rs @ @ @

NGCC WORLD BANK
— — NENRENO OO [

8 s we t vsw

High-Resolution Land Cover Intercomparison
and Validation

Dar Es Salaam, 1 September 2018, 9:00-13:00 am

World Bank

Room: Room No. 110 First floor, Address (50 Mirambo Street)
Speakers: Prof. Chen Jun, Prof. Maria Antonia Brovelli, Mr. Peng
Shu, Dr. Marco Minghini

Local Organizers: Mr. Msilikale Msilanga, Miss. Devotha Laurent

pOgCal modeling and study of phenomena ke sod consumption
Workshop 2: Capacity hpe assessment

Building for High- . —

Resolution Land Cover

Intercompariso...

PATE AND T




Maria Antonia Brovelli (PoliMI), Hao Wu (NGCC)

Gorica Bratic (PoliMl), Jun Chen (NGCC), Candan Eylil Kilsedar
(PoliMl), Marco Minghini (PoliMI), Monia Molinari (PoliMl), Peng
Shu (NGCC), Hongwei Zhang (NGCC), Xinyan Zheng (NGCC)

Workshop local organizers: Msilikale Msilanga (World Bank)
Devotha Laurent (World Bank) Phoebe Oduor (Regional Center
for Mapping of Resources for Development)



Training Material

GIS Team

POLITECNICO GEOLaBs
MILANO 1863

Home Topics Projects Applications Team Publications Affiliations Software

GEO4D (2017-2020)

GEO4D is a Capacity Building in Higher Education project, funded by the Erasmus+ Programmme of the European Commission with the aim to
modernize higher education in geodesy in order to support sustainable development in Jordan. The specific project's objective is to establish 3
new geodesy/GIS laboratories at 3 Jordanian partner universities during 2018, develop and start 3 new master programmes in autumn 2019
and introduce e-learning, Problem-Based Learning (PBL) and quality assurance in geodesy education during 2020.

1 S

information from imagery

Capacity Building for High-Resolution Land Cover Intercomparison and Validation (2018)

Funded as one of the ISPRS Education and Capacity Building Initiatives 2018, the project aims to create computer-aided teaching and learning
material about the intercomparison/validation of global land cover maps and to organize three workshops, two of which are held in
developing countries (Tanzania and Kenya). The training material for validation with QGIS can be downloaded here, and the training material
on how to use the Land Cover Collector application can be downloaded here. Principal investigators are Politecnico di Milano and the
National Geomatics Center of China. The development of the Land Cover Collector application was supported by [talian Ministry of
Education, University and Research (MIUR) thanks to the URBAN GEO BIG DATA project.

http://geomobile.como.polimi.it/website/



http://geomobile.como.polimi.it/website/
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Serena Coetzee

Centre for Geoinformation Science, Department of
Geography, Geoinformatics and Meteorology

University of Pretoria — Pretoria — South Africa

serena.coetzee@up.ac.za

9’% UNIVERSITEIT VAN PRETORIA
@ UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

A~ 4


mailto:serena.coetzee@up.ac.za

Introduction

al. 2017) and crowdsourcing (Fritz et al. 2017)

* Here we propose land cover validation through mapathons...
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Step 4: Trim Project

Trim the task grid to the Area of Interest
(optional). You can keep task squares

Add layer
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teach pSM Contribute Learn About What is New? English v refresher ™V

Mapplng ACTIVITY AND STATS
Get started by choosing your editor of choice.

Download this task as a gpx file to see its boundary.

Done editing? Leave a comment and select one of the options below that
matches your editing status

Leave a comment

500 characters remaining

Legend

MARK AS COMPLETELY MAPPED

' |Ready

[ Mapped
MARK AS BAD IMAGERY STOP MAPPING B sad imagery

M validated
M invalidated
M Locked

A
B Locked by you 3
B
ah! W
.
':»,Mh . @ © OpenStreetMap contributors
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