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Simulation of Sentinel-2 Images for Land Cover / Land Use Monitoring
Using Hyperspectral Airborne Remote Sensing
2015-2017

SENTIGRASS

Assessment of Grassland Quality and Quantity Parameters and
Management Activities Using Sentinel-1&2 data
2016-2018
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Simulating Performance of ESA Future Satellites for Water Quality of the
Baltic Sea
2015-2017
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SENTINEL-1

* Able 1o "se0” through ckouds and rain
 Data delivery wihin 1 hour of acquisition

 Airbus Defence and Space developed
Cband rodor inshument

307 Privot @ 16 yoars

SENTINEL-2

. « 13 specirol bands with 10, 20 or 60m reschsion
and 290km swath widh
* Global coverage of the Earth’s and
surkoce every 5 days
« Aicbus Defencs and Spocs prime controcor
for satellites and instruments

SENTINEL-3
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* Mecsures water vopour, cloud waer conlen!
ond thermal radiation emitied by the Earth
* Determines global sea surfoce lemperatures
with on accuracy greater han 0.3 K
* Airbus Defence and Space supplies
Microwave Rachometer
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SENTINEL-5P
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« Improves climate models ond wecther forecasts

« Provides doa continuously during fveyeor gop
between the refirement of Envisat and the launch
of Sentinel5.

« Airbus Defence and Spoce prime controcior for
satellite and TROPOMI instrument

Land Surface Monitoring.

SENTINEL-4

. « Spaial sampling is 8km cnd speciral resolution between

0.120m and 0.50m
« Airbus Defence and Space prime contracor
for spectrameter

* Carried aboord EUMETSAT's Meleosat Third
Generation [MIG) zatelites
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SENTINEL-5

. * Globol coverage of Earths cimosphere
unprocedorted

with an spoticl resclution

 Airbus Defence and Space prime conlrockor
for insrument

 Carried aboord EUMETSAT's MelOp Second
Generation salellites
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European Earth Observation Programme Copernicus: observing our planet for a safer world
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Earth Atmosphere Monitoring.
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» Global mapping of the swo surfice
fopography every 10 days

* Enables precise observation of ocean currents.
‘and ocean heat storoge; vital for pradicting
tises in saa levels

* Airbus Defence and Space prime
contracor for satellile
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SENTISIMULAT

Simulation of Sentinel-2 Images for Land Cover / Land Use Monitoring
Using Hyperspectral Airborne Remote Sensing
2015-2017

The project is aimed to develop Land Cover / Land Use classification
algorithm for Latvia using simulated and real Sentinel-2 MSI data
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Motivation R

Land cover mapping in Latvia is performed as part of the Corine Land Cover (CLC)
initiative every six years. However, low spatial resolution and accuracy, infrequent
updates and expensive manual production have limited its use at the national level.

A snapshot of LGIA Map Browser with Latvian CLC2012 data layer
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Classification scheme
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Level 1 Level 2 Level 3 Level 4 Level 5
10000 11000 High vegetation | 11100 Trees (>5m) 11110 Coniferous trees Dominant tree species
Vegetation (>2m) (MMU 0.1 ha) CLC 312 Coniferous forests (optional, input:
CLC 31 Forests 11 120 Deciduous trees FLD**)
CLC 312 Broad-leaved forests
11200 Shrubland (2...5m) 11210 Comferous shrubs
(MMU 0.1 ha) 11220 Deciduous shrubs
CLC 324 Transitional
voodlarnd-
12000 Low vegetation 12 100 Grassland 12110 Dense grass Agtricultural cultures
(<2m) (MMU 0.3 ha) 12120 Sparse grass (optional, input: ALD*)
CLC 321 Natural grassland
12200 Agricultural lands 12210 Green agricultures
(MMU 0.3 ha) 12220 Dry agricultures
CLC 2 Agricultural area
12300 Wetlands 12310 Inland marshes 12311 Inland marshes
CLC 4 Wetlands CLC 411 Inland marshes (water)
12312 Inland marshes
(coastal)
12320 Peatbogs
CLC 412 Peat bogs
20000 21000 Water
Non-vegetation | CLC 5 Water bodies
22000 ArtiﬁciahUrban
CLC 1 Artificial surfaces
23 000 Bare 23100 Lightbare land
CLC | cial surfaces 23200 Dark bare land
23300 Peat extraction sites

* ADL — Agricultural Land data from the Rural Support Service
** FLD — Forest Land data from the State Forest Service

Supervised pixel-based (20 m/px) classification approach using one-vs-all support vector
machine (SVM) classifier was chosen for the development of the algorithm.
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Pilot territories and reference data
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Corine Land Cover data

CLC 2012: Cesis pilot territory

Total area 19,2k ha CLC changes 2006-2012: Cesis

Area of changes 124 ha (1%)
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Water courses
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Available Sentinel-2 data

25-07-2015

cloud cover: 2 %

Orbit Cloud situation assessment
Date No Cesis Sigulda Burtnieki
T3SVLD T3SVLD T3SVLE

25-07-2015 36 Clear Clear Cumulus clouds
04-08-2015 36 Clear Clear Clear
14-08-2015 36 Clear Clear Clear
21-08-2015 136 Cumulus clouds Clear Clear
24-08-2015 36 Clear Clear Clear
07-04-2016 136 Cumulus clouds Clear Clear
27-04-2016 136 Cumulus clouds Clear Clear
30-04-2016 36 Clear Clear Cumulus clouds
07-05-2016 136 Partly cloudy Completely cloud Clear
06-07-2016 136 Partly cloudy Partly cloudy Completely cloudy
25-08-2016 136 Some cumulus clouds | Some cumulus clouds Cumulus clouds
14-09-2016 136 Clear Clear Clear
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Development of classification algorithm v

Classification of LC in Cesis from 14.08.2015. Sentinel-2 data using SVM classifier

Cesis Cesis Cesis Cesis

Polygon | Adapted | Regular | Regular

All H Conf.

Overall | 90,5% | 90,1% | 67,6% | 772%

Coniferous trees 87,1% | 960%| 820%| 87.8%

Deciduous trees 89.2% 79.9% 54.5% 57.0%

Dense grassland 90.6% 90,6% 63.4% 84 2%

Sparse grassland 94 4% 84.5% 48.7% 71,4%

Green agriculture | 70,8% | 642% | 70,0% NaN

Dry agriculture 86,7% | 754% | 31,0%| 53,0%

- & v 13 Inland marshes 95,3% 883% | 150% | 333%
:;32.“:;%121222' 1 75 , LI Peat bogs 905% | 880%| 70.0% NaN
t0unipedi § oy e < Ay Water 976% | 947% | 91,7% | 100,0%
ke o O - A YN A Artificial/Urban 976% | 99.0%| 980% | 933%
~Fiter e Xl N~ S ROV 5, : Peat ext] sites 1000% | 100,0% | 957% | 91.4%
E?gwﬁ};;gg:;m Rt o . - 3 Light bare soil 962% | 982% | 90,0% | 100,0%
8 5Ok boro e ! A AP Dark bare soil 805% | 894% | 571%| 800%

|® 2 Deciduous trees
3 Dense grassland

4 Sparse grassland

= 13 Dark bare land
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Development of classification algorithm

Classification of LC for all pilot territories from 14.08.2015. Sentinel-2 data using SVM classifier
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= 1-Coniferous trees g

#= 2 Deciduous trees
3: Dense grassland
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5: Green agriculture
6: Dry agriculture
7: Inland marshes
' 8:Peatbogs
9 Water
10: Artificial/Urban B
11: Peat extraction sites )}
id— 12:Bright bare land
#™ 13: Dark bare land



SENTIGRASS

Assessment of Grassland Quality and Quantity Parameters and
Management Activities Using Sentinel-1&2 data
2016-2018

The project is aimed to explore the capability of Sentinel-1 radar and
Sentinel-2 optical data use and fusion for the assessment of grassland
management activities and quantitative/qualitative parameters, thus
moving towards the development of a multifunctional grassland
surveillance and monitoring tool.
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User needs analysis X5

List of potential end-users:

* The Rural Support Service

* The Natural Conservation Agency (grassland experts)
e The Latvian Fund of Nature

e The Latvian Rural Advisory and Training Center

* Local municipalities and regional institutions

Target data products and accuracy:

* Mapping of grasslands (>80%)

* Ploughing detection (>80%)

* Moving detection (>80%)

* Grazing detection (not set)

* Grassland biomass (RMSE <25% of mean biomass value)

* Mapping of invasive/expansive species (>80% for HR remote sensing data)
* Mapping of shrubs/trees (>80%)

* Biodiversity assessment (not set)



Pilot territories

Two pilot territories — Sigulda and Cesis
! m Permanent grassland 8
Cultivated grassland  §

m Other agricultural land A
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| “2« = Sigulda territory
‘j» ~ /| Totalarea2507 ha from which
' % agricultural land 765 ha (31%)

};g%

i B g T :
Cesis territory

Total area: 9304 ha from which
agricultural land 2630 ha (28%)

4

1488 ha
56%




Data acquisition

Acquisition of extensive data sets for both pilot territories:

e 25 Sentinel-1 SAR

e 7 Sentinel-2 MS scenes

* Airborne hyperspectral, LiDAR and high resolution orthophoto data from 2 dates
*  Weekly monitoring information from 122 grassland polygons

* 42 biomass samples

» reference maps of invasive/expansive species, species composition

e Forest and Agricultural land data

By
P2

Figure 1.1. Sample images from the data stack covering study area around Sigulda. (@) Coherence. (b)) VH
backscattering coefficient. (¢) VV backscattering coefficient. (d) VH/VV ratio. Source: RON160 September

23 acquisition. Coherence was calculated for September 23 and October 5 pair. g;[g:z;léé. f(;elsél'; (A) and Sigulda (B) pilot territories in Sentinel-2A MSI



SENTIBALT

Simulating Performance of ESA Future Satellites for Water Quality of the
Baltic Sea

The project is aimed to develop improved remote sensing algorithms and
methods suitable for the Baltic Sea conditions and estimate their
potential accuracy for different concentration ranges of optically active
substances.

Collaboration with Estonian Marine Institute
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Motivation

ESA Sentinel-3 was launched http://www.esa.int/

16 February 2016

FirstSentinel-3 image from
the Baltic Sea 9 May 2016




Testing MERIS processors with archive data

Location of in situ sampling points from five cloud free MERIS dates and correlation (R?)
between in situ sampling and best performing MERIS FUB ICOL results.

Location of in situ sampling points i 20,00
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Data acquisition campaigns

Four simultaneous in situ and airborne data acquisition campaigns were performed:
11.08.2015. the Gulf of Riga (Latvia) — 10 sampling points

12.08.2015. the Gulf of Riga (Latvia) — 8 sampling points

31.05.2016. Estonian coastal waters — 8 sampling points

14.09.2016. Estonian coastal waters — 8 sampling points

Campaigns resulted in 34 in situ sampling points with airborne overpass.

The main limitation for optimal data acquisition was weather conditions.

Sampling points from 2015 in the Gulf of Riga Sampling points from 2016 in Estonian coastal waters
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Dividend band (R1)

Testing and development of algorithms

Additional spectral data:
- 60 in situ sampling points from Estonian coastal waters (EMI);
- 15600 modelled spectra for optical properties characteristic for the Baltic Sea (FEI)

Testing of best performing band ratio algorithms for the Baltic Sea

Modelled spectra: Band ratio (R1/R2) correlation (I%) with chl-a In situ spectra: Band ratio (R1/R2) correlation (%i with chl-a

Multiplied R? values from modeled and in sit data

400

400
500

600

600

Dividend band (R1)

800

800

: 900
400 500 600 700 800 900 400 500 600 700 800 900

Divisor band (R2) Divisor band (R2)

900
400 500 600 700 800 900

Divisor band (R2)

Dividend band (R1) |
u
8

Modelled data In situ data Modelled and in situ data
R1 R2 o R1 R2 o R1 R2 e o

[hm]  [nm] [hm]  [nm] [hm]  [nm]

707,5 | 687,5| 0,976 692 676 | 0,575 702 674 0,957 | 0,551
705,0 | 687,5| 0,975 690 678 | 0,574 702 672 0,952 | 0,554
710,0 | 687,5 | 0,974 694 674 | 0,572 706 672 0,960 | 0,549
707,5 | 685,0 | 0,974 690 680 | 0,572 706 674 0,964 | 0,546
710,0 | 685,0 | 0,973 692 678 | 0,572 700 674 0,949 | 0,555




Testing and development of algorithms

Comparison of modelled and in situ spectral data using best performing two band
ratio (702, 674 nm).

30

Modelled data (chl-a concentration <30 ug/I)
B ) is used for training
20 ®
_% 1 | I Performance of the model:
e EHE - modelled data: R? = 0.762, RMSE = 3.76 ug/|;
£ ‘ — - in situ data: R2 = 0.546, RMSE = 5.60 ug/|.
o [ ]
* ° *  Modelled data
5 Perfect fit
° ® insitudata
® insitu data outliers
-1910 -5 0 5 10 15 20 2‘5 30
input chl-a [ug/l]
30
in situ data is used for training
25
_ * Performance of the model:
B : - all in situ points: R2 = 0.546,
g 10 . 5 . RMSE = 2.53 ug/|;
; . ! e e’ - after removal of outiers: R2 = 0.775,
. . RMSE =1.27 ug/I.
¢ Modelled data
-5 Perfect fit
® insitu data
®  insitu data outliers
-10 T

-10 -5 0 5 10 15 20 25 30
input chl-a [ug/l]



Sentinel-3 OLCI data availability

g8

y < LS Sentinel-3'OLCI L1 sample'data acquired on May 9,
2 the territory of Latvia highlighted
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