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Sentinel-2 for Science Workshop  ESRIN Frascati; 20-22 May 2014

Background
Current operational use of SPOT/IRS/Landsat in Sweden 

using yearly national satellite data coverages

ü Yearly national clear cut mapping for legal monitoring 
(Swedish Forest Agency) [started 1999 -

ü National Forest Inventory based kNNtimber volume estimates 
(NFI -Swedish University of Agricultural Sciences)

ü KNAS - Recurrent mapping updates for all nature reserves, national parks, 
Natura2000 and other protected areas (appr70 000 km2 )
(Swedish EPA/Metria)

ü Based on SACCESSdata ςSwedish national satellite data archive ς
yearly coverages, free, jointly funded and sponsored by:

Å Metria AB

4 Forest Companies

Å Holmen AB

Å SCA SvenskaCellulosaAktiebolaget

Å Sveaskog

Å BergvikSkog

Å Swedish National Space Board

Å Lantmäteriet(National Land Survey of 
Sweden)

Å Swedish Environmental Protection Agency

Å Swedish Forest Agency

Å Swedish University of Agricultural Sciences



Sentinel-2 for Science Workshop  ESRIN Frascati; 20-22 May 2014

SACCESS ςSwedish National Satellite Data Archive
(saccess.lantmateriet.se)

Å SPOT5/ SPOT4/ IRS / Landsat  Yearly national coverages 2005 ς2014 ς>
Å hƴŜ ōŜǎǘ άŎƭƻǳŘ ŦǊŜŜέ ŎƻǾŜǊŀƎŜ ǇŜǊ ȅŜŀǊ ŦǊƻƳ ǾŜƎŜǘŀǘƛƻƴ ǎŜŀǎƻƴ
Å Historical coverages 1970ies (MSS), 1980ies (TM), 1990ies,  2000
Å Used for Land Cover change mapping and monitoring
Å Free access to residents/companies registered in the Nordic Countries



Ç Opertated by Lantmäteriet (National Mapping Agency) 
/ Spacemetric adaptation for Sentinel-2

Ç 2016 Sentinel-2  Temporaryέmirrorέ ǎƻƭǳǘƛƻƴ waitingfor the Swedish 
CollaborativeGroundSegment [Swea]

Ç All Sentinel-2 data over Swedish AOI downloadedfrom the CollaborativeData 
Hubwhenavailable

ω Reformattedsingetile productstiles reprojected into SWEREF99

ω Simplifiedproducts(band subsets) 
ω BGRN (B2,B3,B4,B8) 10m
ω ATM (B1,B9,B10)  60m
ω RGB (B4,B3,B2) 10m
ω MIR (B11,B12) 20m
ω TM (B2,B3,B4,B8,B11,B12) 10m
ω REDEDGE (B5,B6,B7,B8A) 20m

ω Multilayer files(GeoTIFFor BIL)
ω Simplifiedfile names

SACCESS ςCurrentlyUsedas TemporarySentinel-2 
Distribution Solution



Ç Dec 2014: 2 CGS Studies for SNSB
o UserNeeds(Metria) and TechnicalStudy(Spacemetric)

Ç Review and TechnicalRequirements(Jan 2016)
Ç March2016: SNSB ITT for Swedish Sentinel Collaborative Ground 

Segment with delivery T0 + 15 months
Ç March 2016: Preliminary solution within Saccessfor Sentinel-2 data 

distribution.

Ç May 2016: Contractissuedto Spacemetricfor SWEA 
(Swedish Earth data Access hub)  

SummaryςSentinel CGS Preparations Sweden
Continuationof Saccesstype Services / Expandedwith Sentinel-1,2, and 3

o SWEA Plannedstart of operations Q1/2017
o Firstversion alreadydelivered



Inventory of Swedish UsersNeedsςSentinel-1, 2 and 3

GeographicAOIs

Primaryareas

1. Sweden ςland area, lakes and coastalwaters
[ appr450 000 km²]

2. Baltic Sea and Western Sea (Kattegatt and Skagerak) 
[ appr450 000 km²]

3. Baltic Sea DrainageBasin [ additional1 665 000 km² ]

Secondaryareas ςon request

1. Arctic Sea

2. Limitedareas globally(in support of projects)



Swedish UserCategoriesςfrom Saccess userstatistics 

Å Large forest companies

Å Swedish Forest Agency

Å RS and GIS Consulting Companies in forestry and environment

Å Swedish Environmental Protection Agency through consultants (Metria

and others)

Å SLU (Swedish University of Agricultural Sciences)

Å Swedish Board of Agriculture

Å Forest owners

Å Consulting companies

Å Environmental organisations

Å Students of GIS and Remote Sensing

Å Research groups

Å Private persons



Inventoryof Swedish UserNeeds
Usertypeςdata needs Potential users(examples)

Sweden systematic recurrent coverage

(S1 archive; S2 all; S3 all) 

Swedish Forest Agency

SEPA

Forest Companies

Sw Board of Agitulture

Lantmäteriet (

SLU, SkogForsk, Research Institutes

Metria, Brockman, other companies

WWF, Nature Protection Assisiations

Baltic Sea Drainage Basin 

(S1 archive; S2 all; S3 all) 

SMHI

SEPA,

SCientists, 

WWF, Nature Protection Assisiations

Sweden ñEmergencyò 24 h (S2, S1, S3)MSB (Swedish Civil Contingencies Agency) é

S1 och S3:  NRT 30 min - 3 h

(Sea ice services, shipping, oil spills, wind, 

waves, forest fires,  etc.

SMHI

Swedish Maritime Administration

Swedish Coast Guard

MSB

Global intrests (S1, S2, S3) MSB, Swedish Armed Forces, SMHI

Commercial companies,

WWF, NGO:s, SIDA, Research



Input Products Requested
Product type Applications (examples)

Sentinel-1 L1 SLC 

(slant range 

geometry)

Archive, Interferometric applications, ground movements, land 

cover (?).

starting point for higher level products

Sentinel-1 L1 GRD 

(ground range)

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

Sentinel-1 L2 Ocean Marine applications 

Sentinel-2 L1B 

(sensor geometry)

Archive, starting point for higher level products

Sentinel-2 L1C 

(orthocorrected)

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) 

Sentinel-2 L2A (BOA) Required for advanced time series based services, automatic 

change monitoring, 



Sentinel-3  

OLCI Level 1B

SLSTR Level1B

Land vegetation monitoring (global),

Marine water quality

Water temperature

Sentinel-3

OLCI L2 Land (ESA 

product

Global and regional vegetation dynamics and change

Sentinel-3

OLCI L2 Water

Marine water quality, algae blooms

Sentinel-3

EUMETSAT 

products

Marine applications, atmosphere, meteorology, 

Input Products Requested(cont́ d)



Common TechnicalUserRequirements

ωSubpixelabsolute geometricaccuracyenablingtime series 
analysisand integration with localGIS data and aerialphotos
ω Correctionsfor sceneoffsetsand courseDEMrequired!!

ωLocalSwedish mapprojection(SWEREF99)

ωCloud/shadowmasks!

ωUserfriendlydata formats and simplifiedstandard products
(band subsets, 3 band images for visualbackdrop..)

ωFast and simple access to data



A Swedish CollaborativeGroundSegment Concept
UserVision (modular implementation)



Estimation: 1% av Sentinel Global Data Volume

Data Volumes -Sweden



SWEA ïITT requirements

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

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

services)

Ç Systematic NRT download from ESA HUB

Ç Permanent AOI + temporary AOIs on request

Ç Search functions

Ç Orthocorrection to SWEREF99, RT90, UTM, WGS84 (?), ETRS90(?) + user defined projections

Ç Mosaics from single pass 

Ç Enable floating definition of subsets

Ç Composites (week, month, season etc)

Ç Temporal stacks (òdatacubesò)

Ç Raster image map products (NDVI etc)

Ç Metadata standards requirements

Ç Cloud mask exports

Ç Predefined standard data products





SWEA ïUnder construction









Metria Activitiesς
Downloadof all Sentinel-2 over Sweden

Relative orbit no

Swath coverage areas

76 tiles covering Sweden 

land areas



Metria Activitiesς
Downloadof all Sentinel-2 over Sweden

Relative orbit no

Swath coverage areas

76 tiles covering Sweden 

land areas

Full swath quick looks
KML



Best pixel composite - August 2015





Common Preparation Steps for Customer
Projects
Ç Download

Ç Unpackand rename

Ç Preparation of swathQL mosaics(KML-format)

Ç Preparation of Virtual Image Stacks (ERDAS *.vsk/ gdalVRT-format)

Á 10 m bands (B2,3,4,8)

Á 20 m MIR (B11,12)

Á 20 m /10 m red edge(B5,6,7,8A)

Á 60 m atm (B1,9,10)

Á мл Ƴ έ¢aέ product(B2,3,4,8,11,12)

Ç Reprojectionto SWEREF99

Ç Resamplingof 20m bands to 10m

Ç Mosaicing of singleōŀƴŘ έscenesέ

Ç έ.Ŝǎǘέ ǇƛȄŜƭ composites(flexible rules) 



Keyissuesfor preparation to be solved

Ç Adjustmentof global residualgeometricoffsets
(still 10-15 m in somedatasets)

Ç Needfor adjustmentsof localresidualerrorsdueto for low
accuracyDEM used( in mountainareas north of 60 deg N)

Ç Automaticcloud/ shadowmask generation

Á Method developmentbasedon time series and differencesvs 
έōŜǎǘέ cloudfree referencecomposite



Projects in developmentand production

Ç CadasterENV / New Swedish Land Cover Data 

Ç Agricultural Block Data Base control and revision / Swedish Board 

of Agriculture

Ç Automatic clear cut mapping / Swedish Forest Agency



CadasterENVSweden

Å National mapping

Å Stage1 fundedby ESA (SPOT-5)

Å Developed2012 - 2015

Å Swedish national and regional users

Å Implementation of Sentinel-2 basedproduction2016-2017



Sentinel-2           10m VHR (alt orthophoto)  0,5-2m LIDAR 

Combination of input data

Sentinel 2A/2B will giveusa new image every5th day(2nd-3rd dayin the north) 
= improvedchancefor cloudfree data, better classseparation)



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

Wewill focus on:  

1. Methods to separateopen land into arableland and different typesof 
grasslandsand wetlands. 

2. Methods to delineatewater and wetlandsusing averagewater levels. 

3. Methods to improvethe accuracyof decideousforestclasses. 

4. Methods for incorporatingSentinel 2 data in to the productionchainof
CadasterENV and assessmentof cost.



Products

National Land Cover:

Å A mapwith 24 thematicclasses
Å Level1-3

Å HR/VHR

Å Raster 10/2 meter

Å Separatelayers(attributes)
Å Land use

Å Treehight

Å Density

Å Productivity



Biotopedatabase

Ecosystemservices

Nature 2000 habitat 
mapping

Fueltype maps

New land cover map

Green infrastructure

Radio wavecoverage

Urban green areas

Forest continuity

Monitoring wetlands



Spot5Take5 every5th dayApril ςSeptember 2015

What are the problems to be solved
by time series from Sentinel-2 data?

Sweden : Västerbotten

Sweden : Stockholm

Sweden : Östergötland



Sentinel-2

Expectedimprovementswith Sentinel-2 data:

Å Betteraccuracyclassifying;
Å Mixed deciduousforestand deciduousforest

Å Waterand och aquaticvegetation (averagewater level)

Å Openwetlands

Å Arableland/Otheropenland

Å A moredetailedclassification
Å Subclassesin open land basedon field layervegetation (e.g. grassland/mooreand heathland)

Å Deciduousforestclasses(e.g. oakand  och ashforest)

Å Mountaenousareas

Å Identifyingslowchange
Å Transitionfrom arableland to other openland and transitionsbetweendifferent forestclasses. 

Å Overgrowth

Å More costeffectivemethod
Å Largerscenes

Å More scenes(access to morecloudfreescenesfrom optimal time of year)

Å Χ



Ç Data over Sweden are 
automatically downloaded 
from Saccess temporary 
Sentinel-2 hub every day

Sentinel-2 preparations at Swedish Forest Agency



2016-

09-30é

Two approaches

ωSimple classification

ωFMASK ( by Zhu & 

Woodcock)

Cloud free areas are 

extracted

Clouds and shadows

ωMajor issue

ωDifficult to handle

ωMust be performed 

automatically

Sentinel-2 preparations at Swedish Forest Agency
Cloud detection and masking


