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Crop monitoring, Forest, Food Security
... and New Promising Land Applications ...
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Brussels and Surroundings
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Sentinel-1
Mosaic of India

Myanmar
(Burma)

DUCHERRY

Courtesy SARMAP
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Sentinel-1A Deforestation over Brazil

Acquisition: 21 April 2014
Mode: TOPS IW HH/HV

RGB - HH/HV/HH
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Tropical Forest Cover Loss by dense S-1 Time Series \&&\‘%‘esa
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\ @1 Forest-cover
*1 \ loss map in
. \'i v L | 1l ; ,
& \/ | " J\‘* M r | VWW Province Riau,
£ MI |\ Indonesia,
w | e :,: :8:6683)) based on
. : dense S-1
B e et " ... time series
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I Natural forest DOY 7
Plantation forest Month 1 2 3 4 5
Water

Reiche et all, Remote Sensing. 2018, 10, 777;

WAGENINGEN

universiTy s researcd d0i:10.3390/rs10050777
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Vegetation Regeneration > esg
Burn Scar over Parnitha Mt. (Greece)

" A month after fire ~| Seven years after fire
“4 ASTER acquired July 20, 2007 ? 3 -1A
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Centre for RAS AC Remote Sensing
Ecology & Hydrology Applications

=== Consultants Ltd

LAND COVER plus
Crops 2015

An Annual Crop Map
within the framework
of the UK Land

Cover Map based on
Copernicus Sentinel-1
Radar Data

Key Applications

« Hydrological Modelling

« Catchment Sensitive Farming
« Plant Health and Crop Science

« Crop Areas and Statistics First Detailed UK Crop Map

+ Control of Crop Subsidies and Levies ~ “\vailable March 2016

+ Agri-business

www.ceh.ac.uk/crops2015

Developed via an Innovate UK project N E R ?Mw
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Land Cover application

UK map of crop classification 2015 based on
Sentinel-1A data

« ... coverage frequency compensates
resolution... »
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Example of UK map of crop classification \
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Crop Map of England (CROME)

. I Cabbage - Spring Il Field beans - Spring
o o’ "0 Olsesd-sping W Peas - Spring
Example of - B;:ﬂ E Potato o
Land Cover [iaeed <Spring. . Sadeeh Clover
. . s 2 B Mixed Crop - Group 1| W Field beans - Winter
application '- 5 w0 Barley - Winter B Non-Agricultural Land
g::,.;f"""’ B Oats - Winter BN Permanent Grassland
p BN Wheat - Winter m Perennial Crops
. . Oilseed - Winter Il Water
S Ticale = Spn0. o Rye - Winter == Woodland
W Wheat-SPNG o Titicole-Winter W
W Fallow Land

8

Rural Payments
Agency

Zalizan @Zalizan_Salleh . 57 fah

Highly accurate Crop Map of #England (#CROME) from #sentinel1 and #sentinel2 data
now avallable as #OpenData environment.data.gov.uk.convey.pro/VAyoPEma by
#CopemicusEU via @cOnvey
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Vinh Long Ben Tre

Rach Gia Can Tho

Vi Thanh

Bac Lieti 60 km

s Rice: seeding - emergence
Rice: tillering
Rice: panicle initiation
Rice: heading - flowering
Rice: grain filling
Rice: maturation
Non rice (forest, other LULC)
Land water; aquaculture; sea
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16.7% loss in rice area
over the year

Rice production has been
reduced through drought
and saltwater intrusion
caused by El Nino as
mapped by Sentinel-1A
satellite.

georice '/‘/

European Space Agency




Rice crop evolution in the Mekong Delta (Vietham)

S-1A geocoded - 8 & 20 Aug, 80m (detail) — Vietham

rice stage 1
rice stage 2
rice stage 3
non-rice

Courtesy SARMAP
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Rice crop evolution in the Mekong Delta (Vietnam) \\Q““ @Sa
- Preliminary results

Rice crop calendar for Iocal/reglonal survey and inputs to rice growth models

= Crop calendar in the An Giang
» Province

Crop season | Now. | Dec. | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sep. | Oct. | Now. | Dec.
-5:*5;~ Winter-Spring
crop

Summer-
Autumn crop

Autumn-
Winter crop

=% November-December: end of Autumn-Winter crop
and beginning of Winter-Spring crop

Planted around 11-12- 2014

Planted between 11-11 and 23-11
Planted on 23 -11

Harvested between 23-11and 5-12, and
planted again around 5-12

4 % X N Harvested between 23-11 and 5-12, and
i# SN planted again between 5 and 17 -12

\V Harvested between 17 -12 and 10 -01-2015
& ‘\
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Rice Mapping and Land Classification
- Demonstration North Italy

] ; Courtesy
Byl & SARMAP

S \a ~ 30

RED/ORANGE: GREEN: BLUE: BLACK:

coherence, object average of the difference of the two sigma0O VV objects not reflecting:
not changing: bare two sigma0 VV objects changing within 12 days water or very smooth
soil rough Forest mainly (here ploughing activities) bare soil areas
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& sentinel-2a Agricultural Monitoring
(Czech Republic)

&N sentinel-1a

MAP 2015

[ winter rapeseed
winter cereals
[0 spring cereals
sugarbeet
* Cimaize
‘1 O potatoes
[ fodder crops
[J other annual crops

jficd Copernic

i

Data sources:

,,:lééw; Sentinel-1, Sentinel-2,
Landsat-8, Czech LPIS
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Multi-temporal
Crop Monitoring
- Ireland

G
;
/)]
Q0

1 Urban centers

RED/ORANGE:
Objects not
changing (e.g.
bare soil)

GREEN:
Vegetated lands
and forests

BLUE:

Objects changing

within 12 days

(e.g. ploughing activities)

Multi-temporal
12-day product
(May 2015)

BLACK:

Objects not
reflecting or smooth
bare soil areas

R InSAR Coherence
G Average Intensity
B Difference in Intensity

-

Contains modified
Copernicus Sentinel data
[2015]

— European Space Agency

— 0l e i= ™ LI W= " Il =3Il T2 M



EU Common Agricultural Policy Monitoring
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First Evidence of Sentinels Benefit

. Senkscap

(/// common agricultural policy

EFA Catch crop assessment — Czech Republic

RULE: Winter Catch Crop must be sown before 20 Sept. and must not be harvested before 31 Oct. During

this period, crop coverage must not be mechanically or chemically removed or limited in growth.

—_— 01 b=

Back scatter Wv-WvH

Coherence YW

1000

500

Harvest - Visual check

21.06.2017

03.06.2017 20.06.2017 .06.
S2A20170603T33UWR S2A20170620T33UWR  LE720170621T190025

MOV

.
R

07.07.2017 22.07.2017 30.07.2017
LE720170707T190025  LC820170722T191025 S2A20170730T33UWR

15.08.2017 29.08.2017 08.09.2017
LE720170815T191025  S2A20170829T33UWR | 50170908T191025

18.09.2017 01.10.2017 11.11.2017
S2A20170918T33UWR  S2A20171001T33UwR LCB20171111T191025

.
wrlt 1
Ny
TR ! .

e, ) - -."’.-.',-'...-,.'- e
T T T T T T T T
2017-1 2017-02  2017-03  2017-04  2017-05  2017-06  2017-07 2017-08 2017-09 2017410 2017-11 201712
= — —-— . EE. - Lo | |
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» Winter Catch Crop - Visual check
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Sentinel-1 - Land Classification
- Dual Pol HH-HV (Germany)

o 2 Pes Autobahn to
“._ City,ofJena” @ ® =y ‘ Berlin
. <% (home of ZEISS) ... .

Nature Reserve_,,'lOOd Lak-es”_; _
Saale'River,Dany- -
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deesa

Class. Method:
Random Forest

Classes:
Forest
Water

Urban
Winter crops
Bare fields

Location: Thuringia,
Central Germany
Acquisition Date:
26-April-2014
Credit Univ. of Jena
Chris Schnmullius

European Space Agency



Sentinel-1 Surface Soil Moisture (SSM)
Copernicus Global Land Service
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20m SAR backscatter in dB 1km Soil Moisture in %

A
o S

SSM1km-V1:
Version 1

over Europe

since Oct 2014
daily composite
images

1/112° ~ 1km
with masks & noise

2015-07-24 17:40:08
Surface Soil Moisture (%)

TN SRR |
Vo | | —
L - S bR o 50 100

Courtesy: Vahid Naeimi,
TU Wien
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Sentinel-1 Surface Soil Moisture €52

Example of 1km SSM resolution over in Southern Italy

//

S-1 SSM product includes mean & std at 520m pixels size (=1 km res)

December 04, 2017 December 04, 2017

0 m3/m3 0.1

0.05 m3m3 0.5

mean SSM

— ] he = EE - ] W

li
1|
I
1|
il
|

1]

i+ S %] European Space Agency



Sentinel-1 Surface dzesa
Soil Moisture

* S-1 SSM Map composite
« reference date = 02/03/2017

)

S-1 SSM Map composite
reference date =02/03/2017

n

0.05 m3/m30.5 = = 3/r3
Pass&RON: D008 D110 D037 D139 D066 D168 0.05 m¥m20.5
Date: 06/03  07/3  02/03 03/03  04/03 05/03

{ Y -
ﬁ."“".a.;"‘i..: EXD'D“—S—1 ISSIUNT e m. (&EJ Courtesy: Francesco Mattia, CNR - ISSIA
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Sentinel-1 Surface Soil dtesa
Moisture

Example of SMOSAR S-1 SSM at field scale

0.05 m3m3 0.5

o n‘ 5 (‘§g‘.€§’z { A
T SRS T
QI %
AN Tillage /
SWAaNNE .
B vegetation
changes

Overview of S-1 SSM map on 20/06/2017 Zoom the S-1 SSM image overimposed to the tillage or vegetation abrupt
changes derived from VH S-1 changes (12-20/06/2017) at 40m (details
~lose to the Valladolid city).

S Eyploit-S-1 st s P

Courtesy: Francesco Mattia, CNR - ISSIA
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SMAP now operationally uses Sentinel-1 for
global Surface Soil Moisture retrieval

180°'W 1200W 60" W 0" 60*E 1200 E 180°E

Background: ] Lo —

- The NASA JPL SMAP (Soil Moisture Active PR
Passive) mission lost its L-band radar few
months after launch (July 2015).

- Efforts have been deployed by JPL to make
use of Sentinel-1 data to fulfill the SMAP  EEE
mission objectives

- Sentinel-1 data are now operationally jointly
used with SMAP passive radiometer data to
generate global surface soil moisture
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Sentinel-1 Wetland product

Temporarily wet

- High wetland vegetation

Unknown/Masked

Dryland

0 0.75 15 2.25 3km
| T ]

Courtesy: Vahid Naeimi,
TU Wien
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Nile Delta
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Sentinel-1 water body map of
Southern Sweden

T T T T T T T T T
i I 2 i 3100
1000 5T\ /
"._ '.Tt-.\' ‘_-‘:* C 5
R A . . 3200
NS R o RN
2000 F N
R 3300
TR
M
3000 R 3400
, 3500
4000 |- s 4 AT 3600
e o L7 X T Pl
{4 4 _ _ T 3700
5000 [ i ; } : _
,'-.-ff_ * ; “a | 3800
6000 1 . \.- 5 ,'f - . . , 1 . ‘.h'- -..:__ I.'_ I- ‘ » 3900 S A
b . ) : o AL PR O
7000 \ : A SRV G 6100 6200 6300 6400 6500 6600 6700 6800 6900 7000

1000 2000 3000 4000 5000 6000 7000 8000 9000

Sentinel-1 classification based on average VH-pol backscatter of August 2015 (3 images)

Courtesy: M. Santoro, GAMMA Remote Sensing
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Urban AR AR | ‘, \\\5

footprint

Courtesy:
M. Marconcini

European Space Agency




Urban
footprint

£ .
» Addis Ababa
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10 km

DLR

Courtesy:
M. Marconcini




Global Urban Footprint 2015 47 T [
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Ground Deformation
/ Land Motion

EARTHQUAKE IMAGE
. Europe's Sentinel satellite sends first quake analysis
BEE WORLD NEWS SIA 'TO ALTER MILITARY STRATEGY . 1S ACCUSEL

Jonathan Amos < & 108 - 37m
o It's not everyday you see interferograms on the TV, but you would have today

. bbc.in/Z5tCQw #napaearthquake pic.twitter.com/HD2Ri52LBo
“ Reply 3 Retweet % Favorite Flag media

Applications based on Interferometry
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First Capture of an Earthquake by Sentinel-1
Napa Valley (California) M6.0R

Sentinel-1 maps earthquake

The biggest earthquake in 25 years struck California's Napa Valley in the early hours of 24 August 2014.

By processing two Sentinel-1A images, acquired on 7 August and 31 August 2014 an interferogram L
was generated. Deformation on the ground causes phase changes in radar signals that appear as the &i" 4
rainbow-coloured patterns around the Napa Valley. Each colour cycle corresponds to a deformation s

of 28 mm deformation. The maximum deformation is more than 10 cm, and an area of about 30x30 km
was affected significantly.

Copyright: Copernicus data (2014)/ESA/PPO.labs/Norut/COMET-SEOM Insarap study



M 7.8 Ecuador Earthquake, 16 April 2016 \QM ecSa

(courtesy CNR IREA)

SENTINEL-1

2016-04-12 - 2016-04-24
Baseline: 20m
Displacement: 75cm in LOS

cm
0 _ - - 2.8 Contains modified Copernicus data ©2016
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Central Italy Earthquakes - 24 August 2016 Gpemicus &\\:jesa

4

Scientists from Italy’s CNR-IREA combined Sentinel-1 radar
acquisitions over central Italy from before and after the
earthquake: 15 August, 21 August and 27 August 2016. The
result shows vertical ground subsidence, reaching about 20 cm
in correspondence to the Accumoli area, and lateral movement
of up to 16 cm.

Each interferometric fringe of the
above interferogram represents
about 3 cm of deformation.

Vertical Displacement [cm]
o< I 30

E-W Displacement [cm]
.‘;’: SEN WEST T >15

Copyright: contain modified Copernicus Sentinel data (2016) / ESA / CNR-IREA
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Sentinel-1 First Subsidence Monitoring Mexico City
DLR Microwave and Radar Institute-SEOM INSARAP study

Five Sentinel-1A radar
TOPS scans acquired
between 3 October
and 2 December 2014
were combined to
create this image of
ground deformation in
Mexico City.

The deformation is
caused by ground
water extraction, with
some areas of the city
subsiding at up to 2.5
cm/month (red).

~cm/mon

s Y - ) N 4 . > g A - .
. 3 T2 Iy tx o " 4 - 2N
e S N S0 3 -~ . 7 -
O IS T U i ) y . 2 AR &
L. & W s " : X L . 3 . =
2 . . o . - g . . e
Rk . . s . " 2 g L
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¢t : 3 b L 7 < = v 0", .
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Country-Level Results from Sentinel-1(DInSAR) - (&
Netherlands s esa

PPO.Labs
norutisy
seem ‘ T G ——

scientific exploitation
of operational missions

Copyright: PPO.labs
Processing credit: PPO.labs / Norut
Acknowledgment: ESA SEOM InSARap Project
C dified Cop. ! S inel data (2014-2016)
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Country-Level DInSAR

Italy

Parallel Small BAseline
Subset (P-SBAS) DInSAR
algorithm: Towards
national-scale DInSAR
analysis

Mean LOS October 2014 — April 2017 &

Velocaity
(cm/year)

_— ] e E= B = ] == : = European Space Agency



(s,
Country-Level DINSAR &\F eSa

Displacement [cm]

‘ ] ety . 2016
2016 s E Time [years]
Time [years] i v ) .

Mean LOS
Velocaity
(cm/year)
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Country-Level DInSAR

28
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(s,
Country-Level DINSAR \\&\\: eSa

Displacement [cm]
llllllllllllllllllllllllllll

2016
Time [year]

Displacement [cm]
IIIIIIIIIIIIIIIIIIIIIII
lllllllllllllllllllllll

Time [year]

<
Lo
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Campi Flegrei

Displacement [cm]

Tirmee [year]

IW Sentinel-1: 131 SAR images (October 2014-

LHONE

Cpernicus £ .A.,.~

European Space Agency




Subsidence Monitoring

LOS Displacement velocity [mm/year]

http://insarap.org

f— = B == %] European Space Agency
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Routine use of Sentinel-1 time series for
ground deformation — Tuscany (1)

SCIENTIFIC REPg}RTS

OFEN Continuous, semi-automatic
monitoring of ground deformation
using Sentinel-1 satellites

X " Ao Roc?,
PocokaCmagh’
dnptacomars
e, e e that
. soebin hased Syuthern

e e o

ot gl e matia acabes. L oct, even the CUBMI)-Shyhin (CK) comtellation. g s semasts!
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Carth Scencos Dwpartomase, iversty of Frmesn, Vi La 7, & 2133, Frwnse, Rty /TR ALTAMIA, R & Porta
Ticiese, 73 20141, Mianc, Rty ‘Carch Scomncs Oupariooeee, Uity of Poa, Vo 5. Mara 53, SE136, P, Ry

§ O TA| U RTIS) 1D0ALS 18R SR XS

o mature comfecienticreports

University of Firenze,
TRE ALTAMIRA
University of Pisa
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Ground deformation 'ﬁ;aps' (diépiééeméht rates)‘ for the 'I:[j'écany Régio'n obtained from SqueeSAR

Archive

Continuwous monitoring
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data. Sentinel-1 acquisition plans for continuous monitoring are also shown. Deformation rates ranging
between —2.0 and 2.0 mm/yr, indicate relatively stable ground conditions. Positive values correspond to
motion toward the satellite; negative values correspond to motion away from the satellite. (Left) Results for the
Sentinel-1A archive in ascending geometry. The Sentinel-1 acquisition plans for track 117 (ascending geometry
on East Tuscany) is also reported. (Right) Results for the Sentinel-1A archive in descending geometry. The

Sentinel-1 acquisition plans for track 95 (descending geometry on East Tuscany) is also reported.
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Routine use of Sentinel-1 time series for &\‘Fesa
ground deformation — Tuscany (2)

10°0'0"E 10°30'0"E

43°30'0"N 44°0'0"N 44°30'0"N

43°0'0"N

Legend
J Cause of anomaly  Meters a.s.l.
* Slope instability - High: 2053

* Geothermal activity
Subsidence l
* Uplift Low: 0

42°30'0"N

— I he 2= BN - ] ==

11°30'0"E 12°0'0"E

Update | Last acqusition (track 117) |# of Anomaties| * ©f 8host
2 07/11/2016 70 133
3 19/11/2016 90 104
4 01/12/2016 60 72
5; 13/12/2016 95 76
6 25/12/2016 121 86
7 06/01/2017 130 55
8 18/01/2017 84 57
9 30/01/2017 94 86
10 11/02/2017 195 154
11 23/02/2017 304 86
12 07/03/2017 341 56
13 19/03/2017 803 109
14 31/03/2017 1233 83
15 12/04/2017 1.024 68
16 24/04/2017 907 57
17 06/05/2017 2.314 174
18 18/05/2017 2.119 497
19 30/05/2017 2.034 642
Total | 07/11/2016 - 30/05/2017 12.018 2.597
Area
(km’)
Massa
| 1159
tucca | 177
Pistoia | 966
Prato | 365
Firenze | 3520
pisa | 2451
Uvorno| 1.218
Siena | 3820
Arezzo | 3.235
4510
Tuscany| 21412
H— | - . . @ _— .
L jp— I I I I - s == I I — EEE

TS anomalies classified according to the
driving force as at Update #19. Anomalies
related to slope instabilities are
widespread in most of the mountain areas
of the region. Anomalies related to

are identified in
the alluvial plains, along with two uplifting
areas within the province of Grosseto and
Firenze. Anomalies linked to geothermal
activities straddle the provinces of Pisa,
Siena and Grosseto.

TEA (Tuscan-Emilian Apennines); AA
(Apuan Alps); SV (Serchio Valley); LAV
(Lower Arno Valley); CH (Chianti Hills);
CRV (Chiana River valley); AM (Amiata
Mountain); CV (Cornia Valley); OV
(Ombrone Valley).

University of Firenze,
TRE ALTAMIRA
University of Pisa
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Routine use of Sentinel-1 time series for
ground deformation — Tuscany (3)

Monitoring bulletins released
every 12 days to the Tuscany
Region authorities.

The presence of a cluster of persistent
anomalies affecting elements at risk
determines a significant level of risk,
with the necessity of field survey and
further analysis.

| Municipality classification

At least one persistent At least one persistent
I ne Anomal No Anomaly| |© 325 25
. , p [ acteast one anomaly [ No Anomaly

University of Firenze, TRE ALTAMIRA, University of Pisa
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Results from UK wide ground motion map
based on Sentinel-1 data

https://www.telegraph.co.uk/science/2018/04/12/devon-village-rising-2cm-year-scientists-have-no-idea/

BUSINESS ALL SECTIONS =

The Eelegraplj HOME NEWS SPORT
News | Science

A - News - Science

Devon village is rising 2cm a year, and
SClentlStS ha‘-"e no ldea Why FOLLOW THE TELEGRAPH

[The map] “offers the most detailed look ever at the UK’s shifting

topography and highlights areas of hazards due to coal mining, soil

compaction, landslides, coastal erosion, landfill subsidence and tunnelling

for the London Underground.”

Dr Stephen Grebby, Assistant Professor in Earth Observation, at Nottingham
University said, “With the new map we are able to better understand how
the entire UK landscape is being affected by various natural and
anthropogenic processes. Whilst providing us with detailed information
to study the individual mechanisms of these processes, the technique The area of Willand which is
also offers a means of identifying and mitigating any potential risk that . o

these may also pose to infrastructure, society and the environment.” rising up Credit: GVL

The team hope the map will be useful for policymakers and a wide range of industries, including onshore oil and

gas, civil engineering, insurance, mining and carbon trading.
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R&D: "INSARAP” project
(InSAR with S-1 performance study)

Full-scale PSI analysis of Sentinel-1, track 88 ascending
2014-2017, in the form of a deformation map covering
the Benelux countries. The dataset contains 100 million
PS points, all referenced with respect to a reference
area in Flevoland.
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Calbuco Volcano, Chile
Eruption on April 24th, 2015
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Copyright: Copernicus data (2014)/ESA/DLR Microwave and Radar Institute-SEOM INSARAP study
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Sentinel-1: a major tool for geophysicists

Master)

20180208 Sentnel- 14
0180211 Sentinel-18
Baselne Perp: 42 55m

121730 121736 7?2130

6.0 magnitude Taiwan's earthquake, 6 Feb 2018
Surface deformation of Hualien area

© Contains modified Copernicus Sentinel data [2018],
processed by the Eastern Taiwan Earthquake Center (ETEC)
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Sentinel-1 interferogram

(opemicus 04 August - 20 November 2017 COMET

8.1 g - = . LiCS

Line-of-sight

Satellite |
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LongltUde Processed by Fabien Albino,

COMET, University of Bristol

Mount Agung Volcano eruption

© Contains modified Copernicus Sentinel data [2018],
processed by COMET, University of Bristol
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Sentinel-1: a major tool for geophysicists

opernicus

Europe's eyes on Earth

Eruption and earthquake near Kllauea volcano, Hawadii (3 May 2018)

Kilauea
summit 7" Leilani Estates
. fissure eruption

A

- . v
Wide-scale fringes dueto ', 5 <
seaward mation caused J~\ M6.9 earthquake
during the. MGB eanhquaka epicenter location

P-4
4
Makaopuhi
Crater

Differential interferogram showing
Ground displacements occurred between
1*t May to 7" of May (Iocal tlme)

ot

R
2 range change
3
0 2.83cm

Copyright: Contains modified Copernicus Sentinel data (2018) / processed by USGS

Processed by Dr Pablo J Gonzalez
under the NERC-funded COMET project
pigonzal@liverpool.ac.uk

Sentinel-1 interferogram (19 April — 1 May 2018) Sentinel-1 interferogram (1 May — 7 May 2018)

Deformation due to magmatic intrusion = magma withdrawn from middle East Rift Zone and intruded beneath lower East Rift Zone.
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Kilauea volcano eruption and earthquake, Hawaii

Contains derived products of._.i &ﬁerﬁi@hs\d;aga(Senﬁnel-U

Site of drained
lava lake

~ Summit
Caldera“
Dov otion ) .
Ofgonln:on- 3 l_-ellam Estat‘es
fissure eruption

Wide-scale fnnges due to '
seaward motion caused M6.9 earthquake
during the M6 9 earthquake

epicenter location

Differential interferogram showing

Ground displacements occurred between
the 15t May to 79 of May (local time)
Color fringes are tight in areas where the
surface deformation is more intense

- Processed by Dr Pablo J Gonzalez
under the NERC-funded COMET project

pjgonzal@liverpool.ac.uk

Sentinel-1 interferagram of this earthquake between 01 & 07.05.2018 - source: USGS, archived by Pablo J. Gonzalez
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Interferogram showing
ground deformation due to
M6.9 earthquake on 4 May

2018

© Contains modified Copernicus
Sentinel data [2018],

processed by COMET, University
of Liverpool
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Nyiragongo volcano: monitoring lava lake level variations

"ﬁ\ sentinel-1

- 201706037 .

The Nyiragongo is an open-vent volcano and is known for its lava lake - the world's largest - the fluctuations
of which are studied as a proxy for the pressure changes in the magmatic system.
Time series of radar amplitude images acquired by the Sentinel-1 and COSMO-SkyMed satellites used to

measure lava lake-level variations, through casted shadow monitoring. Cone growth visible in the Sentinel-1
descending animation.

© Contains modified Copernicus Sentinel data [2014-2018], processed in the frame of the RESIST Project
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Emergency support,
Dlsaster Management

Flooding
Geohazards
Natural / Man-made Disasters
etc

— 0l he c= 8 - W= "Il D 11 — == EX 2 I+l European Space Agency



(\

International Charter Space & Major Disasters \k\:-
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Sentinel-1 Contribution to the &\%‘esa
Copernicus Emergency Management Service

v' Sentinel-1 responded to a number of activations from the

Copernicus Emergency Management Service (as well as from the
International Charter Space and Major Disasters):

v EMSR87 for floods in Bosnia-Herzegovina (May 2014)-—
EMSR100 for floods and landslides in Italy (Sep 2014) e e S
EMSR107 for floods in Slovenia (Nov 2014) " e
EMSR108 for floods and landslides in Italy (Nov 2014) |

EMSR111 related to the volcanic eruption at Fogo Island (Cape Verde) —
(Nov 2014)

EMSR116 for floods in Malawi (Jan 2015)
EMSR117 for floods in Greece (Feb 2015)
EMSR118 for floods in Spain (Feb 2015)
EMSR122 for floods in Greece (Mar 2015)
EMSR125 for Earthquake i\ Nepal

EMSR126 for algae bloom if\ French Guiana

AN

DN N N N N N NN

EMSR147 for
EMSR151 f

v
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Strong increase of the Sentinel-1 contribution to the Copernicus
Emergency Management Service

Example of Sentinel-1A/-1B contribution to the O SRR R -~ i
exceptional floods that occurred in Jan/Feb 2018 | f ek i R ‘sentlnel-l
in Northern France ' o :

Same area (here Esbly) could be imaged several times over a
long period thanks to the systematic revisit of Sentinel-1.

© Contains modified Copernicus Service information [2018], processed by CEMS
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Sentinel-1 contributing for the first time to the
Copernicus Emergency Management service:
Activation for Floods in Bosnia-Herzegovina

P ———
Product N - O7Bateun, v1
Balatun - BOSNIA AND HERZEGOVINA
Flood - 13/05/2014

tion Map -

ineat Detail
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Recent activations from the Copernicus
Emergency Management Service

EMSR280 - Floods in Sweden (Apr — May 2018) EMSR284 - Floods in Finland

Flood
delineation
maps based on
Sentinel-1 data

17 May 2018 '

Copernicus Emergency Management Service: CEJper;wicus—Emérgen_cy I\/;anag_;emt;nt Service:
Activation EMSR280 Activation EMSR284

Authorized User: Sweden | Swedish Civil Contingencies Agency (MSB)
Copyright: Contains modified Copernicus Sentinel data (2018) / processed by
CEMS / Sertit

Authorized User: Finland | Government Situation Centre
Copyright: Contains modified Copernicus Sentinel data (2018) / processed by
CEMS / e-Geos
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R CHILE - Villarrica volcano eru ption Change analysis of Sentinel-1 data e

Version No. 01

72780W 72°00W 71520W 71440W
ARGENTINA

Legend

@ Tomn
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Interpretation

The map shows the Villarrica volcano in southem Chile and
it's sumoundings. It is one of Chile's most active volcanoes
and has been showing signs of activity since the start of
February. The volcano finally erupted on 03/03/2015, sending
ash and lava up into the sky in a display which was reportedly
seen as far as 100 km away. Over two thousand people were
evacuated from the town of Pucon.

This image is a colour composite of the active volcano
Vilarica using pre-event (20/02/2015) and post-event
(04/03/2015) Sentinel-1 data. Changes are visually enhanced
by a Normalized Change Index and statistical computations.
Blue colors are correlated with a backscatter increase and
magenta colors with a backscatter decrease between pre-
and post-event data. Areas of no change between the two
acquisitions appear in greyish colors.

This work was performed by DLR in the frame of the ESA-
funded project ASAPTERRA.

Cartographic Information

T T T T lkm

0o 1 2 3 4 5

Local projection: UTM Zone 18S, Datum: WGS 1984
Geographic projection” Lat/Lon (DMS), Datum: WGS 84
Scale: 1:75,000 for A1 prints.

Data Sources
Sentinel-1 (Pixel spacing 10m) © ESA2015

RapidEye (Resolution 5 m) © BlackBridge AG. Al
fights reserved

Framework

The products elaborated for this Rapid Mapping Activity are
realised to the best of our ability, within a very short time
frame, optimising the material available.

All geographic information has fimitations due to the scale,
resolution, date and interpretation of the original source
materials. No liability conceming the content or the use
thereof is assumed by the producer.

The ZKI crisis maps are constantly updated, Please make
sure to visit hitp://Awww.zki dir.de for the latest version of this
product.

Map produced March 06, 2015 by ZKI
©DLR 2015

Zki@dlr de
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Copernicus Risk & Recovery Mapping esa
Sinkhole and Landslides Risk |
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Wildfires in Indonesia 2015 detected by Sentinel-1 \\\

eSd

First burned area map of Sumatra, Kalimantan, West-Papua (1,500,000 km?), 10 m spatial resolution

Vs o g i 5 Red: Burned area AR color Red: Burned area
composite B composite o composite
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R&D: Sentinel-1 for Science Land LCVM Study

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

West Wielkopolska

(Poland)

South Tyrol (Italy)
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Sentinel-1 pre-processed InSAR 2-years stack
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Dofiana (Spain)
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Classification results using Sentinel-1 2015 and 2016
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of operational missions
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Thank you for your attention !
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