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Satellite data - benefits

>
science for a changing world

LandSat 8 Program

Temporal resolution: Every 16 days
Spatial resolution: 30m

Sentinel Program

Temporal resolution: Every 5 days
Spatial resolution: 10-60m

* Global coverage with
* High (temporal) resolution
* Barrier is getting lower



Satellite data - benefits

* Global coverage with

I_andsat | * High (temporal) resolution

Data Continuity Mission "\ * Barrier is getting lower
Where's \ FREE DATA! .

the DATA? Details Inside = 7
= Lot
The entire USGS Landsat data archive, dating e i
en F o7 A o
:

from 1972 to present, is op
NOW and is FREE 1o
hitpz/sarthaxplererusys.

Earth Engine Data Catalog Q_ Search English ~ £ - N e e d Of N at I O n a I Stat I St I CS
e e Offices (NSOs) to produce
Farth Engine Data Catalog statistics at more (spatial)
Earth Engine’s public data catalog includes a variety of standard Earth science raster datasets. You can impart these datasets into your script environment with a single - t t -
click. You can also upload your own raster data or vector data for private use or sharing in your scripts. d gg g d h g h
Looking for another dataset s USGS I S a re a e a I e r
2 L .
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Landsat Collections lower cost

How Landsat Collection 2
LANDSAT In mid-2020, Landsat Collection 2 Level-1 and Level-2 surface reflectance and surface temperature scene-based
MISSIONS

products will be publicly available for download.

SCIENCE



Use case - prediction

Satellite data
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Use case - prediction

Satellite data
in pixels

Ground-
truth data in
some shapes

Unknown

ML to learn
relationship
between category
and satellite signal
based on
“labelled” pixels



Use case - prediction

Satellite data
in pixels

Ground-
truth data in
some shapes

Unknown -|

Can make
prediction on the
“unlabelled” pixels




Satellite data - issues

United Nations ECE cesansns

)] Economic and Social Council  pit: Gewent CO n fe re n Ce Of E u ro p e a n

17 April 2019

et Statisticians(CES) 67t Plenary Session
(2019) identified issues such as

S ——— * Lack expertise handling satellite data

67" plenary session

Geneva, 26-28 Fune 201%

Ttem 9 (b) of the provisional agenda

TUze of zatellite imaze and earth ohzervation data in official statistics

 Satellite data are big

In-depth review of satellite imagery / earth observation
technology in official statistics

 Satellite data alone cannot produce

Summary

. .
This document is an updated version of the in-depth review paper on the use of St a t I St I C S
satellite imagery and earth observation technology in official statistics that the Bureau of the
Confe of European isticians diseussed in Oetober 2018

The in-depth review focused on the use of earth observation technology and satellite
imagery for official statistics, and its potential to address current or emerging data needs. The

document provides an ov w of activities of infernational organizations and the statistical . . : . :
R nstitutional commitment to satellite

programs of Austria, C
opportunities and lessons learned and concludas with some recommendations on how to
advance the use of satellite imagery and earth observation technology in official statistics.
Section I sur the di ion and decision by the Bureau in October 2018.

. .
The document is presented to the Conference of European Statisticians’ 2019 plenary d a t a I n t e g ra t I O n

session for discussion.

CES (2019) In-depth review of satellite imagery / earth observation
technology in official statistics



https://www.unece.org/fileadmin/DAM/stats/documents/ece/ces/2019/ECE_CES_2019_16-1906490E.pdf
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https://statswiki.unece.org/display/GSBPM/

Generic Pipeline - aims

* To improve
understanding about
workflow needed to use
satellite data and ML for
statistical production

* To clarify scope and
boundary of works

* To serve as common
reference points to link

increasing body of works

Business Understanding

Start

Data Collection and Preparation

Modeling (ML)

Prediction

Dissemination

Evaluation

Thematic
Exepris
Establish problem to
be solved
Obtain ground-truth [ |
data
EO geo. info Obtain satellite
scientist imagery data
v I Build polygons
Identify satellite data I Assign labels
to address the
problem I ]
Integrate ground-truth
Data Translate the problem cala w;lz;ate\\ﬂe
scientists into statistical
statisticians problems (e.g.
and classification,
computer regression) l
scientists
Define features and
generate a dataset to
be used for analysis

Decide ML algorithm
(e.g. NN, Random
Forest) and validation
method (e.g. CV,
LOO)

Apply the model to
un-labelled satellite
dataset

Publish prediction
results with quality
criteria for publishing
estimates

v

Train a model with
training dataset and
test with test dataset.
Repeat for each ML

and split of dataset

Evaluate the results
using external dataset

v

Evaluate ML
algorithms and decide
one (consider also
ensemble)

or against domain
knowlege

Evaluate the work
process




Generic Pipeline - overview

e What activities
should be carried
out

* Who should play
the leading role?

 \What resources
are available?

3 Roles

Thema
Exepris

scientist

6 Stages

Data
scientists
statisticians
and
computer
scientists

Y
Business Understanding Data Collection and Preparation Modeling (ML) Prediction Dissemination Evaluation
Establish problem to 5 l
Obtain ground-truth
data
e auay
geo. info Obtain satellite results with quality Evaluate the work
imagery data criteria for publishing ¢ process
| Build polygons | estimates
Identiy satelite data [ assigniabeis |
to address the
[ Decide ML algorithm
(e.g. NN, Random Apply the model to
Forest) and validation undabelied satelite
method (e.g. CV, dataset
LOO)
Integrate ground-iruth
Translate the problem a2 SR ‘
into statistical Train a model with
mg‘;&:ﬁ' I training dataset and
oesion) test with test dataset v
reg \ 4 Repeat for each ML
Define features and and split of dataset us;;“;ﬁﬁ:lmﬁ
generate a dataset to or against domain
be used for analysis knowlege
Evaluate ML
algorithms and decide
one (consider also
ensemble)
y




Generic Pipeline — Business understanding

Business Understanding

 Establish the problem to be resolved
i , * |dentify satellite data and ground-truth data to address the

T Il problem. Factors to consider:
l * Temporal resolution
B —— * Spectral resolution
Cvoen™  [IF e Spatial resolution
l e Sustainability
S| EEE | * Easy of use
compuler Togression) * UN Global Working Group on Big Data (2017) Satellite Imagery and Geospatial Data
Task Team Report Chapter 2. Data Sources

* Translate the problem into statistical problem, typically
* Regression

e Classification


https://unstats.un.org/bigdata/task-teams/earth-observation/index.cshtml

Generic Pipeline — Data collection and
preparation

e Obtain ground-truth data with attention to
i geo-referencing
s * Obtain satellite data

_ * Integrate ground-truth data with satellite

s imagery data
"G st * HLG-MOS Data Integration Project (2016-17)
Del L * Define variables and generate a dataset to be
st e used for analysis (e.g. Normalised Difference

Vegetation Index (NDVI))



https://statswiki.unece.org/display/DI

Generic Pipeline — Modeling (ML)

Y Y

* Decide ML algorithms (e.g. SVM, Random
Forest, NN), measure of performance (e.g.
precision, F1) and validation method

* Methodological Approaches for Utilising Satellite Imagery to
Estimate Official Crop Area Statistics (2014; ABS)

1] e * Train a model with training dataset and test
= [ with test dataset. Repeat for each ML and split
e of dataset
”’m‘m * Evaluate ML models and decide one (consider
e also ensemble)



https://www.abs.gov.au/ausstats/abs@.nsf/mf/1352.0.55.144

Generic Pipeline — Prediction

* Apply the model to un-labelled satellite dataset

* Evaluate the prediction results using external dataset
or against domain knowledge

Apply the model to
un-labelled satellte
dataset

Evaluate the results
using external dataset | J
or against domain

K




Generic Pipeline — Dissemination and
evaluation

b - :  Establish quality criteria for publishing
Sty NN p—— estimates and publish data

ssssss

L i 1 e Evaluate the work process
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Thank you!
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