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Background

Current operational usef SPOT/IRS/Landsat in Sweden

i

To o Po Do I»

using yearly national satellite data coverages

Yearly national clear cut mappin@r legal monitoring
(Swedish Forest Agency) [started 1999

National Forest InventonppasedkNNtimber volume estimates
(NFI-Swedish University of Agricultural Sciences)

KNAS Recurrent mappingipdates for all nature reserves, national parks,
Natura2000 and other protected areaapfpr 70 000 km)
(Swedish EPA/Metria)

Based orACCESfata¢ Swedish national satellite data archige
yearly coverages, free, jointly funded and sponsored by:

_ _ A Metria AB
Swedish National Space Board :

o . | Land Survev of 4 Forest Companies
Lantmateriet(Nationa y A Holmen AB
Sweden) A SCAS k&Cellulosaktiebol
Swedish Environmental Protection Agency venska ellulosaktiebolaget

. A Sveaskog
Swedish Forest Agency _

A BergvikSkog

Swedish University of Agricultural Sciences
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SACCESSSwedish National Satellite Data Archive

(saccess.lantmateriet.se)

SPOT5/ SPOT4/ IRS / Landsat Yearly national coverages Z20E;>

hyS 060Said aOf2dzR FNBS¢ O20SN)F IS LISNJ
Historical coverages 1970ies (MSS), 1980ies (TM), 1990ies, 2000

Used for Land Cover change mapping and monitoring

Free access to residents/companies registered in the Nordic Countries

Too oo To To To

Startsida Maps Real Property About Lantmiteriet Work at Lantmateriet (Search]
You are here: Saccess Contact us | Retailers
Saccess
. X ) . Navigation
Saccess helps you to study changes in the Swedish landscape and environment over the past three decades. Everyone can overview the
available imagery. You must register (see ordering data) to order full-resolution mosaics and scenes (full-resolution example products). » Startsida
Need help to get started? Read how.
plog Read more
2012 farg » About Saccess

» How does it work?

» What do the different

data sets contain?

Ordering data

» High-resolution example
products

» Contact

»

The products are free of charge

Area name: thanks to special government
4 funding and a cooperation with
Search 4 e Millennieskifte farg the following sponsors:

Millennieskifte infrarott (©@FRVesTYRELSEN
1980-tal farg :
1980-tal infrartt Pscoussmretsen
1970-tal farg

Order products

Order products in JL NATUR
VARDS 2
chosen area SLU VERKET

Find the desired area
using quick search, or
by zooming and

dragging the map. To
limit the area further,

=\

SCA

use the Mark tool. c/o Life
Zooming can be done
with the zoom buttons HOLMEN SVEAuéKOG

or by double-clicking.
BERGVIK SKOG

Shopping cart
The cart is empty
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SACCESXurrentlyUsedas TemporarySentinel2
Distribution Solution

< Opertated by LantmaterigiNational Mapping Agency)
| Spacemetric adaptation for Sentir2|

. 2016 SentineR Temporaryémirroré & 2 fwaliting¥a? tyfe Swedish
CollaborativeGroundSegment [Sweal]

c All Sentinel2 data over Swedish A@bwnloadedfrom the CollaborativeData
Hubwhenavailable

» Reformattedsingetile productstiles reprojectedinto SWEREF99
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e N

» Simplifiedproducts(bandsubset3 (B |
- BGRN (B2,B3,B4,B8) 10m By
- ATM (B1,B9,B10) 60m { V)
» RGB (B4,B3,B2) 10m T4
»  MIR (B11,B12) 20m
- TM @B2,B3,B4,B8,B11,B12) 10m V&

- REDEDGE (B5,B6,B7,B8A) 20m ) \f
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Summaryg Sentinel CGS Preparations Sweden

Continuationof Sacces$ype Services Expandedwith Sentinell,2, and 3

Dec 2014: 2 CGS Studies for SNSB

o UserNeeds(Metria) andTechnicabtudy(Spacemetrig

Review andlechnicaRequirementgJan 2016)

March2016: SNSB ITT f8wedish Sentinel Collaborative Ground
Segment with delivery TO + 15 months

March 2016: Preliminary solution withipaccesfr Sentinel2 data
distribution.

May 2016:Contractissuedto Spacemetrifor SWEA
(SwedishEarth dataAccess hub)

SWEAClannedstart of operations Q1/2017
Firstversionalreadydelivered

>
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Inventory of SwedishUsersNeedsc Sentinell, 2 and 3

GeographicAOls

Primaryareas

1. Swederxc land area, lakes antbastalwaters
[ appr450 000 kmZ]

2. Baltic Sea and Western Sea (Kattegatt and Skage
[ appr450000 km?]

3. Baltic SedrainageBasin] additionall 665 000 kmj

Secondaryareasg on request
1. Arctic Sea
2. Limitedareasglobally(in supportof projects

L) P,




SwedishUserCategories; from Saccessiserstatistics

Large forest companies

Swedish Forest Agency

RS and GIS Consulting Companies in forestry and environment
Swedish Environmental Protection Agency through consultants (Metria
and others)

SLU (Swedish University of Agricultural Sciences)

Swedish Board of Agriculture

Forest owners

Consulting companies

Environmental organisations

Students of GIS and Remote Sensing

Research groups

Private persons
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Swe d &mergégncydo 24 h ( S2, MBISwedBI3Qivil ContingenciesAgency) €
S1och S3: NRT30min-3h SMHI
(Sea ice services, shipping, oil spills, wind, Swedish Maritime Administration
waves, forest fires, etc. Swedish Coast Guard
MSB
/ Global intrests (S1, S2, S3) MSB, Swedish Armed Forces, SMHI
Y - / Commercial companies
/ ~_ / / / ]
/ , / 4 N/ ~/ >
</ /7\%/ /S WWF.NGO:s, SIDA, Research 4)’%
ANy 7 7 VAR / ~ A / B
N/ X S SN AN N >

Inventory of SvedishUserNeeds

Usertype ¢ data needs potential users(exampleg
Sweden systematic recurrent coverage Swedish Forest Agency
(S1 archive; S2 all; S3 all) SEPA
Forest Companies
Sw Board of Agitulture
Lantmateriet (
SLU, SkogForsk, Research Institutes
Metria, Brockman, other companies
WWEF, Nature Protection Assisiations

Baltic Sea Drainage Basin SMHI
(S1 archive; S2 all; S3 all) SEPA,
SCientists,

WWEF, Nature Protection Assisiations



Product type

Sentinel-1 L1 SLC
(slant range
geometry)

Sentinel-1 L1 GRD
(ground range)

Sentinel-1 L2 Ocean

Sentinel-2 L1B
(sensor geometry)

Sentinel-2 L1C
(orthocorrected)

Sentinel-2 L2A (BOA)

Applications (examples)

Archive, Interferometric applications, ground movements, land
cover (?).
starting point for higher level products

Sea ice, shipping, oil spill, storm fellings ...

Marine applications

Archive, starting point for higher level products

Basic product for most applications, basic time series

Land cover, forestry, agriculture, urban mapping, change
detection (clear felled areas, land use change), environmental
monitoring (forest damages, fire scars, long term changes),
image backdrops in GIS, image map services

Starting point for L2 products (atmospheric corrected, biophysical
parameters)

Required for advanced time series based services, automatic
change monitoring,



Input ProductsRequestedcont d)

Sentinel-3 Land vegetation monitoring (global),

OLCI Level 1B Marine water quality

SLSTR LevellB Water temperature

Sentinel-3 Global and regional vegetation dynamics and change
OLCI L2 Land (ESA

product

Sentinel-3 Marine water quality, algae blooms

OLCI L2 Water

Sentinel-3 Marine applications, atmosphere, meteorology,
EUMETSAT
products

L) PRI,




CommonTechnicalUserRequirements

w Subpixebbsolutegeometricaccuracyenablingtime series
analysisand integrationwith localGIS data anderialphotos
w Correctiondor sceneoffsetsand courseDEMrequired!!

w LocalSwedishmapprojection(SWEREF99)
w Cloudshadowmasks!

w Userfriendly data formats angimplifiedstandardproducts
(bandsubsets 3 band images forisualbackdrop.)

w Fast and simple accessdata

L) PRI, o



A SwedishCollaborativeGroundSegmentConcept
UserVision fmodularimplementation)

WES
Monitoring WCS
Services WMS
FTP
—TTT oo o= il Jal
: Atmospheric correction (ground reflectance) !
WFS | Advanced ! Cloudshadow mask
user f"endly | Time series products (image stacks) |
WCS pmduc_ts and | 2/4 week composites 1
services | ,
WMS
CGSS — Basic
FTP user friendly
download products
Order
handling
Browse
Data search
Catalogue




Data VolumesSweden

150 M Sverige/ar (TB)
M Totalt Sverige (TB)

120

T 90
£
£
e
B

a 60

30

0

2014 2016 2017 2019 2020

Estimation: %0 avSentinel Global Data Volume
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SWEA'T ITT requirements

¥

Input data sources: from Sentinel-1, 2, and 3

Landsat (MSS, TM, ETM+, OLI/TIRS) IRS-P6/R2 and SPOT 1- 5 (continuation of Saccess
services)

Systematic NRT download from ESA HUB
Permanent AOI + temporary AOIs on request

¥Q)

O O

Search functions

Orthocorrection to SWEREF99, RT90, UTM, WGS84 (?), ETRS90(?) + user defined projections
Mosaics from single pass

Enable floating definition of subsets

Composites (week, month, season etc)

Tempor al datacubes& s ( O

Raster image map products (NDVI etc)

O 0 00000

0

Metadata standards requirements

)

Cloud mask exports

/G Predefined standard data products

Y
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SWEA T Under construction

Swea, the Swedish Collaborative

Ground Segment

An open procurement May 2016.
Spacemetric selected in a competition with three
bidders, including Amazon.

A complete service based infrastructure will be
delivered in 2017 including the first year of
operation.

Open and free

Access should be open and free
for large scale acceptance.

Free means available at no cost,

Open means without
authentication,

Infrastructure
Acress 10 Qe 036D IS BaSIC Infrastruciure
for the society. Sunply as easy to tee

sarvices.

Compare vath road networks. They are
wsverntal for the society,

image downiood access s ke
e

The Swedsih Notianal Spoce Boord (SNSB)
Iy the responibie suthor ity from now

User defined

products

Enable creaﬂvi’(sf

Enable creative app developers by making
sure users ¢an access services directly from
whatever modality they are using - PCs,

iPads, phones etc.

For example a WMS senvice Including the
synthesis of the last 10 days of pixels
accessible directly a5 2 map in the users
Pad.




ser defined
products

subscripﬂons
coordinate sqsfems

A ground segment is by definition
focused on streams of new data. Make
sure users can subscribe on data

streams covering a specific area.

Make sure image data is presented in
a projection and coordinate system
that the user can handle.

automated mosaics ? 3
time series

Most users want coverage, for
example mosaics or synthesis
images with last 10 days of pixels.

Time series makes the image data
very interesting for change
detection studies.

Make sure user can access
historical data from many sensors
and mix with new arriving data.

4



Swea+

the wishlist

automation
clouds

data cubes and
deﬁver1

Define what you want and get it

processed automatically.
The Sentinel cloud metadata is useful

for statistical purposes but not for

mosaicing, Automated processes are
dependent on cloud masks including
both clod and shadow.

Together with subscriptions is
becomes a declarative way of working.

Datacubes formatted, corrected and
delivered directly to your desktop.

more data
i correction
The Saccess historical archive with
a timeline of precision corrected
data ranging from the 1980's until
today.

Time series or data qubes need to
be corrected into sub-pixel
accuracy to be useful.

Landsat 8 can be handled in the
same way as Sentinel 2.

Radiometric TOA correction is
essential.




Swea+

the wishlist

Swea, the Swedish Collaborative
Ground Segment

An open procurement May 2016.
Spacemetric selected in a competition with three

bidders, including Amazon.
A complete service based infrastructure will be

delivered in 2017 including the first year of
operation.

Enable creativity

Erobie eatree app Sesriopers by moking
Sure usars Can access senices drealy frem
whatever meday they are usng - PCx,

11, phanes esc.

Faor exarmple 2 WS senvice iduding the
o the Lt 10 days of piaels

accansitle drectiy as.a map n the users

1Pag.

Open and free

Accnss Shauid be open and frme
folarge wcale accoptance.

Free means wsilable ot 0o ot

Open mears without

awrhereication.

Infrastructure

Pocn 5 vage dts e tBE Y
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Metria Activitiesc
Downloadof all Sentinet2 over Sweden
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Metria Activitiesc
Downloadof all Sentinet2 over Sweden
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Best pixelcomposite - August 2015

52_L1C1_20150809-103016027
52_L1C1_20150813-101026027
52_L1C1_20150815-105046027
52_L1C1_20150819-103026027
52_L1C1_20150820-100016027
52_L1C1_20150823-101016027
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Common Preparation Steps f@ustomer
Projects

Download

Unpackandrename

Preparationof swathQLmosaic§ KML:format)
Preparationof VirtualImage Stacks (ERDA&sk/ gdalVRFformat)
A\ 10 m bands (B2,3,4,8)

20 m MIR (B11,12)

20 m /10 m rededge(B5,6,7,8A)

60 matm (B1,9,10)

mn Y pmodurt{B2,3,4,8,11,12)
Reprojectionto SWEREF99

Resamplingf 20m bands to 10m
Mosaicingof singled I ydRends

%é/. S a (i éompdaites@exiblerules '
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Keyissuesfor preparation to besolved

C Adjustmentof globalresidualgeometricoffsets
(still 1015 m insomedatasets

C Needfor adjustmentsof localresidualerrorsdueto for low
accuracyDEMused( inmountainareasnorth of 60 deg N)

C Automaticcloud/ shadowmask generation

A Method developmentbasedon time series andlifferencesvs
¢ 0 Scéoudfreereferencecomposite

L) PRI, -



Projects indevelopmentand production

C CadasterENV / New Swedish Land Cover Data

C Agricultural Block Data Base control and revision / Swedish Board
of Agriculture

C Automatic clear cut mapping / Swedish Forest Agency

L) P,



CadasterEN®weden

National mapping
Stagelfundedby ESA (SPCH)
Developed2012- 2015

Swedish national and regionasers
Implementationof Sentinei2 basedproduction20162017
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SWEDISH FORES
Swedish Board
of Agriculture ’t
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Combination of input data

LIDAR

Sentinei2 10m

Sentinel 2A/2Bvill giveusa new imageevery5th day(2nd-3rd dayin the north)
=improvedchancefor cloudfree data, better classseparation)

L) P,
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CadasterENV 2016

ESAunds Metria during 2016 to further develop methods of mapping and
productionof CadasterENV using Sentinel 2 (and SPOT5Take5).

We will focus on:;

1. Methodsto separateopen landinto arableland and differentypesof
grasslandsaindwetlands

2. Methodsto delineatewater andwetlandsusingaveragewater levels
Methods toimprovethe accuracyof decideoudorestclasses

4. Methods forincorporatingSentinel 2 data in to thproductionchainof
CadasterENV armbsessmenof cost

W




Products

National Landover:

A Amapwith 24 thematicclasses
A Levell-3
A HR/VHR
A Raster 10/2 meter

A Separatdayers(attributes)
Landuse
Treehight

Density
Productivity

To o To Ix

L) PRI,

Legend

] 20pen wetland

[] 3Acable land

[ 41 Non-vegetated other open land
[ 42 Vegetated other open land
- 51 Built-up areas

- 52 Non built-up areas

[ e niand waters

[ 62 Marine waters

I 111 Pine forest (not on wetlands)
112 Spruce forest (not on wetlands)

I 114 Mixed forest (not on wetlants
[ 115 Deciduous forestlfgo

113 Mixed coniferous forest (not on wetiands)

cadasterenv

W sweden




New land covemap

Nature 2000habitat Fueltype maps Radiowave coverage
mapping ' W7\

Ecosystenservices

Forestcontinuity
Monitoring wetlands

Greeninfrastructure

Urban green areas

Total green space

Total green space
per capita: 126 m?




What are the problemsto be solved
by time series from SentineR data?

BD

jlorge mm——)
;

< Sverige

imark [ |

Sweden : Stockholm

Spot5Take®very5th dayApril ¢ September 2015




Sentinet2

Expectedmprovementswith Sentinel2 data:

A Betteraccuracyclassifying

Mixed deciduousorestand deciduousforest S
Waterand ochaquaticvegetation averagewater level)
Openwetlands

Arableland/Otheropenland

A Amoredetailedclassification
A Subclassesn open landbasedon field layervegetation(e.g grasslandmoore and heathland
A Deciduoudorestclassege.g oakand ochashforest)
A Mountaenousareas

A Identifyingslowchange
A Transitionfrom arableland toother openland andtransitionsbetweendifferent forestclasses
A Overgrowth

A More costeffectivemethod

A Largerscenes
A More scenegaccess tanore cloudfree scenedrom optimaltime of year)

\/% /< A /\

/\/
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Sentinel-2 preparations at Swedish Forest Agency

LANTMATERIET

Saccess Sverige [ Sahargordu | S

Sentinel 2
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v
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l Sok plats QI

¢ Dataover Sweden are
automatically downloade
from Saccess temporary
Sentinei2 hub every day
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Sentinel-2 preparations at Swedish Forest Agency
Cloud detection and masking

Two approaches
uSimple classification
«FMASK ( by Zhu &
Woodcock)

Cloud free areas are
extracted

Clouds and shadows
wMajor issue
wDifficult to handle
wMust be performed

automatically

2016-
| . é 09-30




