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Tópicos

2

▪ Medição da deformação intra-ilha no arquipélago dos Açores
▪ Medição da subsidência em Lisboa
▪ Monitorização dos movimentos verticais em Singapura – relação com 

subida do mar 

▪ Estimativa da batimetria intertidal com imagens SAR
▪ Monitorização de infraestruturas com imagens SAR de alta resolução 

(TSX) 
▪ Monitorização da barragem do Tua e região envolvente
▪ Classificação da ocupação do solo com imagem SAR
▪ Deteção de corte de árvores 



Mapping the vertical stability of 
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Deformation ERS 1995-2000

mm/yr

Lisboa – Resultados
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Deformation ERS 2000-2005

Lisboa – Resultados
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Deformation Envisat 2003-2005

Lisboa – Resultados



Deformation ENVISAT 2008-2010

Lisboa – Resultados
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Deformation 2010-2011- TRX
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Deformation 2010-2011- TRX
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Temporal evolution
1995-20001995-2000

2003-20052003-2005

2000-20052000-2005

2008-20102008-2010



Levelling measurements
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Anthropogenic intervention 

1995



Anthropogenic intervention 



Série temporal do deslocamento vertical 
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Modelação numérica
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Catalão et al., 2015

Numerical model
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Singapore – LandMov Project

Colocar uma imagem de Singapura

LandMov is part of Building and Construction Authority (BCA) Project 
“Coastal Inundation Risk Map Study for Singapore”, a contract between the 
BCA and NUS, aimed at creation of the risk maps that can be applied to 
Singapore coasts subject to coastal inundation, inland flood, and soil 
subsidence. The BCA project aims to address the concerns surrounding 
coastal protection in the light of climate change and sea-level rise over the 
next 100 years. 

LandMov is a two year Project under a contract research 
agreement between National University of Singapore (NUS) 
and the Instituto D.Luiz, University of Lisbon (IDL-UL).
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Sea level rise

Sea level rise and land subsidence

Background and Motivation

6 km Areas  below 5m
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Main objective

To map the spatial variation in vertical 
land motion (VLM) along the coast of 
Singapore over the past two decades.

Archived ERS1 and ERS2 images from 1995 to 2000 

New acquisitions from TerraSAR-X (Oct 2010 – 2014)
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SAR images (ERS)

Ascending  Pass

Descending  Pass
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TRX: Interferogram (amplitude)
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TRX: Interferogram (phase)
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TRX: Persistent Scatterers

29

mm/yr



Sand Deposits
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Road compaction
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Marina
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Boat Quay



Field evidences
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3D visualization in GoogleEarth
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Deformation vs Height

< 0 m

0 – 2 m

2 – 5 m

5 – 10 m

> 10 m
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Adapted from  Dinesh, SV

Groundwater table (m)Groundwater table (m)

Consolidation

Impervious SoilImpervious Soil

< infiltration< infiltration
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Catalao, J.; Raju, D.; Nico, G. Insar Maps of Land Subsidence and Sea Level Scenarios to Quantify the Flood Inundation Risk in 
Coastal Cities: The Case of Singapore. Remote Sens. 2020, 12, 296. https://doi.org/10.3390/rs12020296



Conclusions

42

Singapore mainland has experienced a subsidence phenomena with a 
mean subsidence rate of 1.5 mm/yr.
Singapore mainland has experienced a subsidence phenomena with a 
mean subsidence rate of 1.5 mm/yr.

On some localized areas, a significant subsidence with subsiding rates of 7 
mm/yr, was detected 

Highest subsiding rates are near the shore on low flat land, above 5m, 
associated with reclaimed areas or built areas in the past years.

There are evidences of an anthropogenic cause,  associated with 
compaction of built areas or reclaimed areas, rather than a 
natural cause. 



43

Monitorização de Infraestruras e envolventes
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Exemplos de lisboa

Casos Subsidência: Cais do Sodré
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Casos Subsidência: A30 (St Iria Azoia)
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Casos Subsidência: CREL, Caneças
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Implementação de um sistema de 
monitorização baseado na técnica PS-INSAR 
na envolvente à albufeira da barragem do 
Aproveitamento Hidroelétrico de Foz Tua
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Data Data da 

master

Inicio da 

série

Fim da 

série

Mínimo da 

BꞱ (m)

Máxima da 

BꞱ (m)

Num. 

Interf.

2016 Desc 20160519 20151215 20170126 -69.2 99.59 31

2016 Asc 20160724 20151209 20170120 -71.3 103.0 34

2017 Desc 20170619 20161209 20180121 -80.6 97.7 31

2017 Asc 20170625 20161215 20180127 -106.6 105.9 31

2018 Desc 20180509 20171216 20190128 -107.9 103.4 33

2018 Asc 20180620 20171210 20190122 -63.1 133.9 33

2019 Desc 20190528 20181211 20200111 -102.2 117.7 34

2019 Asc 20190709 20181205 20200117 -100.9 106.4 34

Parâmetro Valor Parâmetro Valor

Dispersão amplitude 0.4 Dimensão do filtro 50 m

Erro Topográfico

máximo

5 m Janela temporal de 

desenrolamento da fase

730

Percentagem

máxima de PS com 

fase aleatória

20 Grelha de 

desenrolamento da fase

200 m

S1

S1
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Aplicações 
SAR e INSAR

5814:5
7
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(2016)
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> M intensity images

> Coregister

> Multitemporal Filter

Multitemporal logistic analysis

Ii is the pixel intensity 
μk is the n x n average (image k) 
μi is the n x n average  (image i)

(to reduce the speckle)
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Logistic analysis
The logistic function relates the height of the resolution cell (h) with the 
pixel intensity (Ji). The function is defined by the parameters (a, k, h) and is 
given by:

In which k is the maximum intensity, a is the steepness of the logistic function (a= -8,  if negative 
the function decrease), h is the height of the resolution cell and hi is the tide height for image i. 

h and k are the parameters to be estimated
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We have to search on the solution 
space for the values (h, k) that 
minimize the expression.

𝐽𝑖 =
𝑘

1 + 𝑒 ሻ−𝑎(ℎ𝑖−ℎ
𝑖 = 1, . . , 𝑀
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Test Site: Tagus Estuary
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Tagus estuary tide height at 18:30 from 2013, 
January to 2014, January.

SAR data and Tide height

Adapted from Rilo et al, 2013

Saltmarsh

Channels

mudflat

TerraSAR-X SAR images (19)
From January 2013, January 2014
Ascending, HH polarization, 3 m resolution
Incidence angle: 42.8 degrees
(Project: DLR COA 1840)
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Intertidal elevation model
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Validation
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Validation
Bathymetric survey with echo sounding
Hydrographic Institute, 2014. Uncertainty= 0.18 m

Comparison between grids: 
mean=-0.18 m; std = 0.23 m 

Std= 0.21 m
Mean=-0.10 m
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Sentinel-1A SAR data Landsat -7 
WaterLine

Sentinel-1A, MILA algorithm

TerraSAR-X, MILA algorithm
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Classificação de culturas agrícolas de Inverno 

com recurso à plataforma Google Earth 

Engine e imagens dos satélites Sentinel-1 e 

Sentinel-2
Maria João Gonçalves dos Santos, 2021

Objectivo:Este trabalho de projeto tem dois objetivos: 
a) estudar a fusao de imagens SAR e imagens
multiespectrais (sistemas oticos) para classificacao de 
culturas de inverno e 
b) estudar as potencialidades de processamento na 
cloud atraves da plataforma Google Earth Engine.
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Detecting deforestation using logistic analysis 

and Sentinel-1 multitemporal backscatter 

data.

Adrian Dascalu (1), J. Catalão (2), A. Navarro 

(2)

In this paper, a new approach based on the 

temporal analysis of the backscattering 

intensity using the logistic function analysis to 

detect and delineate clear-cuts in tropical and 

European-type forests is proposed. 
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γi(x, yሻ =
k

1 + e−a(ti−t0ሻ
+ LowLim i = 1, … ,M
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O programa Copernicus

83
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Copernicus componente Serviços

8414:57
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Os Sentinel
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(Moreira et al, 2013)

SAR

InSAR

SAR

SAR Polarimetry

InSAR

SAR Polarimetry

SAR

InSAR
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Perspetivas para o radar de abertura sintética
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Síntese

> Missões SAR + Programa Copernicus

> Formação imagem Radar

> Interação com a superfície

> Interferometria SAR

> ESA / COPERNICUS, Global Monitoring for Environment and Security

> Polarização

> Mecanismos Scattering

> Distorção das imagens SAR


