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National Ground Motion Monitoring: Romania between 2015-2020

Foreword

This book represents a collection of maps (so-called ground displacement
rate maps), illustrating the power of satellite radar interferometry (INSAR) to
detect and monitor subtle ground displacements associated with various
phenomena. Natural or anthropogenic hazards related motions like
subsidence/uplift (due to fluid dynamics, clay shrink/swell, mining activity,
tunneling, water extraction, etc) or infrastructure deformations (e.g. water
reservoirs, dams, bridges and other buildings) can be investigated with INSAR
and they are to be demonstrated within this book.

More than 1500 Sentinel-1 A/B datasets acquired by the European Space
Agency were processed by TERRASIGNA experts to produce the first ever
ground displacement map of Romania.

With this result, and by measuring around 21 million targets over Romania,
covering approximately 200.000 km?2, TERRASIGNA marks an important
milestone towards using space-based technology to map ground surface
movement for large areas, the technology being top state of the art at the
European and even international level.

The maps presented are relevant examples of products offered by an INSAR-
based monitoring service which can accurately detect and monitor the ground
instabilities before catastrophic events take place, thus contributing to the
mitigation of the damages caused by such processes.

The readers of this book are encouraged to freely distribute this material in
order to reach the whole community and spread the word on the availability of
such technologies to monitor ground displacement and infrastructure stability
anywhere and anytime is needed.
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A few words on InSAR

The InSAR techniques accurately measure millimeter-scale surface
displacements. They use images acquired by Synthetic Aperture Radar
(SAR) sensors, done by emitting a radar wave along the satellite line of
sight (LOS) and recording the intensity and the phase of the reflected signal.

The phase of the return wave
depends on the distance to the

t\Los ground.
f Interferometry uses two images of the
\l same area taken from the same
\ position and finds the difference In
i \ | phase between them, producing an

image known as an interferogram.

The signal measured in an interferogram represents the change in phase
caused by an increase or decrease in distance from the ground pixel to the
satellite. Therefore, the component of a ground motion parallel to the
satellite LOS vector will cause a phase difference to be observed, and
the ground displacement can be calculated.

Some characteristics differentiate the INSAR from the classic ground-based
monitoring techniques, and enable targeted in-situ measurements in
problematic areas. INSAR:

v does not require ground access (all measurements are from space),
V is non-invasive (employing remote sensing),

v is based on SAR satellite data, available independently of weather
conditions, day or night,

v can be done periodically every 6-12 days, without extensive
preparation, during the life of the space missions,

v provides a high density of measurement points, as opposed to GPS ,
v provides millimetric accuracy, similar to high accuracy GPS systems.

Persistent Scatterer Interferometry (PSI) represents a relatively recent
development from conventional INSAR, and relies on studying pixels which
remain coherent over a sequence of interferograms.

TERRASIGNA is a certified PSI service provider since 2014 and this
technique was applied to produce the maps provided in this work.

TERRASIGNA® 4



Ground displacement rate maps

The PSI technique uses a large number of satellite radar images to provide:
» Deformation/displacement rate map,
~Time series for each measurement point.

The displacement rates are usually displayed using colored symbols overlaid on
a background of the area of interest.

The wide-used color code in INSAR is the following:

» red color is used to symbolize an increase in distance
along LOS from the ground pixel to the satellite, i.e. pixels

Displacement rate (mm/year)

e <-15 o1 -3

which are e.g. subsiding/going down, having negative e 5. 11 &3 -5

displacement rates; © 11-9 ek -7

A green color for relatively stable pixels, a5 . 7 7.9

~ blue color for a decrease in distance along LOS from the e 7 -5 e09 -1

ground pixel to the satellite, i.e. pixels which are e.g. 5.3 1 - 15
lifted/going up, having positive displacement rates. 3.1 e 1S

This color code is also used in all the maps presented
in the book.

TERRASIGNA" 5
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Romania

Displacement rate in Romania (Sentinel1A/B2015-20200 =~ TERRASIGNA’

Displacement rate (mm/year) Dates: 11.04.2015 - 14.01.2020

Acq. time: 04:15-04:25 GMT

e <-15 ¢ 7--5 ¢ 1-3 ¢9-T1 Sensor: Sentinel-1A/B

e -15- -1 e 5--3 e 3-5 e 11-15 Pass: Descending

e 11--9 3--1 e 5-7 e 15 Look angle: 33.5 degree
Radar Resolution: 5mx20m

e 9 -7 © -1- 1 ® 7-9

This is the first ever ground displacement map of Romania. It contains more than 21 million

ground pixels, covering approximately 200.000 km? and it was obtained by PSI processing of
around 1500 Sentinel-1 A/B datasets.

This map shows, with milimetric accuracy, stable and unstable areas in Romania during the
last five years.

Most of the PSI measurement points are located around buildings and infrastructure units, like
bridges, roads and highways and even power pillars or windmills.

In the following, local displacements maps are illustrated, grouped on main INSAR application
areas found in Romania (urban areas, salt mining, oil&gas, nuclear power plant, landslides
and thermal water areas).

TERRASIGNA" 6
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Urban areas
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Bucharest

Displacement rate near Bucuresti (Sentinel 1A/B2015-20200 ~~  TERRASIGNA’

Displacement rate (mm/year)

SeffsideSus ® <15 e1-3
RSnd e 15--11 e3-5
m@ e 11 - -9 e 5 _ 7

e g9 -7 7.9

e .7 -5 e9-1

kT gk e . e R : Rl R
sz ubalia) ol ) sy o SR : 2 ; 3 =< &35

'

Dates: 11.04.2015 - 03.01.2020
Acq. time: 04:15-04:25 GMT
Sensor: Sentinel-1A/B

Pass: Descending

Look angle: 33.5 degree
Radar Resolution: 5m x20 m

:

Berceni

s S0 arastis| foy,

A Bucharest city is the capital and largest city of Romania, situated in the southeastern corner
of the Romanian Plain, over sedimentary formations.

A Due to its position on the banks of Dambovita River and above a complex mix of
underground infrastructure and aquifer systems, the risk of subsidence in the area is
significant. Moreover, its closeness to Vrancea seismic area increases the risk of seismic
induced soil liquefaction.

TERRASIGNA" 8
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Bucharest

A Several local areas with  well-delimited spatial extent showing ground
compaction/subsidence with values between 3-10 mm/year can be identified. Most of them
correlate very well with the position and extent of old artificial fillings found in a micro-

zonation map of Bucharest dated in 60-70s.

Results using the
S adai4 TerraSAR-X mission
L e D TERRASIGNA" 2011'2014

Atificial ﬁ(|§qgs'?* s % d y i |

R £
®| Displacement rate (mm/year) |4
2015-2020
: B

-15 - -1

-n

o5 i S e g SR g Results using the
B Tt XL ok By T " Sentinel-1 mission
DY i R L o A SR R 2015-2020

E]
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Bucharest

. . . . . ' . . . . ' ' . . . . . ' . ' . . . ' ' '

A In the period between 2011-2014, a shopping mall areas was found to subside. From
Sentinel-1 measurements it can be seen that subsidence continues at a slightly lower rate
between 2015-2019.

TerraSAR-X results
2011-2014

Deformation
rate
mm/year

Sentinel-1 results
2015-2019

TERRASIGNA® 10
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| a Hi

Displacement rate near lasi, lasi county (Sentinel1A/B2015-2020) @& = TERRASIGNA"

Displacement rate (mm/year)

: o <15 o1 -3

Dorebant {55 e 15--11 © 3 -5

= e M--9 5.7

e 9 -7 e7-09

: e 7 -5 e9-1

p AlRneand 5--3 en-15
3. e>75

Dates: 11.04.2015 - 03.01.2020
Acq. time: 04:15-04:25 GMT
Sensor: Sentinel-1A/B

Pass: Descending

Look angle: 33.5 degree
Radar Resolution: 5m x20 m

Q

A With 376,180 residents (as of 2018), the | a #than area is the second most populous in
Romania.

A The city lies on the Bahlui River valley. The surrounding country is one of uplands and
woods, featuring monasteries and parks. | a itdelf stands amid vineyards and gardens, partly
on hills, partly in the in-between valley. The central part of the city is located on the 35 m
fluvial terrace of the Bahlui, the rest on hills up to 160 m.

» Some small areas were identified as unstable: Hilincea Monastery area (3-10 mml/year),
fBaza 30area (3-5 mm/year), some buildings in city center near Str. Modovei (3-5 mm/y) and

Zimbrului (7-9 mmly), Ticau district (5-7 mm/y) and an area South of Botanical Garden (5-12
mmly).

TERRASIGNA" 11
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Ti mi Hoar a

Displacement rate near Timisoara, Timisoara county (Sentinel1A/B2015-2020) @ TERRASIGNA"

Displacement rate (mm/year) Dates: 05.12.2015 - 16.08.2019

Acq. time: 04:15-04:25 GMT

¢ = * A= W13 S0 Sensor: Sentinel-1A/B P

e -15- -1 5--3 ® 3-5 e 11-15 Pass: Descending %

e -11--9 3--1 e 5_-7 e >15 Look angle: 33:5 degree :
Radar Resolution: 5m x20m

e 9 -7 -1- 1 o 7-9

» The 3rd largest city in Romania, Ti mi 'Hieaat @n,altitude of 90 m in the Banat plain, near
the divergence of the T i mandHBega rivers. The waters of the two rivers form a wetland
system with a floodplain in-between. Ti mi 'Hwas rdeveloped on the floodplain, above
sedimentary rocks. With time, the rivers were drained, dammed and diverted. However, the
land across the city lies above a water table at a depth of only 0.5 to 5 m, thus being prone to
instabilities.

A Alarge sinking area can be easily noticed on the East of the city center, the highest values of
12 mml/year being found in a zone with old houses and industrial fabrics.

» Dumbravita village, found in the North of the city, is also slowly subsiding, the highest values
of 8-10 mm/year being found on a new residential park.

TERRASIGNA" 12
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Cluj-Napoca

Displacement rate near Cluj-Napoca, Cluj county (Sentinel1A/B2016-20200 ~ TERRASIGNA’

Displacement rate (mm/year)

® <-15 e 1 - 3
& <15 = 9 g = B
e 11-9 e5_7
e9 -7 e7-09
e 7 -5 9 ._T

5 - -3 e1 -15
3 -1 e 15
A =

Dates: 01.09.2016 - 14.01.2020
Acq. time: 04:15-04:25 GMT
Sensor: Sentinel-1A/B

Pass: Descending

Look angle: 33.5 degree
Radar Resolution: 5m x20 m

Gheerghieni 9

A Cluj-Napoca city, commonly known as Cluj, built on the banks of the river S 0 me 'Wic) is
considered the unofficial capital to the historical province of Transylvania. The southern part
of the city occupies the upper terrace of the northern slope of Feleac Hill, and is surrounded
on three sides by hills or mountains with heights between 500 m and 700 m. The hills of
Calvariaand C e t L (Balvedere, 405 m) are located near the center of city.

» Several unstable slopes can be identified. For example, Buna-ziua district, which is well
known for a rapid expansion of new residential buildings, shows displacements up to 12
mm/year and the slopes near Republicii street up to 6-8 mm/year.

TERRASIGNA" 13



ConstanSa
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Displacement rate in Constanta, Romania (Sentinel Ta/b2015-2019) ~ TERRASIGNA

Displacement rate (mm/year)

® -246 - -10.0 -5.0- -3.0 ® -15-15 ® 30- 50 ® 10.0-22.2
® -10.0- -5.0 -3.0- -15 ® 15-30 ® 50-100 9

A Co n s t,ist@iclly known as Tomis, is the oldest continuously inhabited city in Romania.
It is located on the Black Sea coast, having a beach length of 13 km.

A Several unstable areas can be identified. A new residential district on the North Esplanade
shows instabilities around 5 mm/year. Also some industrial areas and areas near the coast
and in the harbour are slowly subsiding.

» The last 400 m of the seawall are subsiding with 5-8 mm/year.

TERRASIGNA" 14
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Gal a$i

A Gal #eHin the southern part of the Moldavian Plateau on the left (west) bank of the
Danube river at the junction of the Siret River (west) and the Prut River (east), near Lake
Brates. Ga | @ Huilt on three geological terraces. One lies beneath "Valley City", with
elevations between 5 and 7 m. The other two, which make a fan shape, have elevations of
201 25 m (the site of the old town, now the city centre) and 40 m (the site of the modern city)
respectively.

A On the west side of Brates Lake, where there is a mixture of residential district and industrial
constructions, subsidence up to 14 mm/year (dark red colour) can be detected. In Micro 17
district there are also buildings affected by subsidence of 10-15 mm/year.
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