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What brings me here today?

* The SENSING project aims to focus efforts on scientific developments that can address emerging
global problems in the field of environmental change, sustainable development, health and food
security.

* The idea here is to comment on some activities of EO/RS in the SW-S Atlantic region, to further
expand international partnerships, collaborations and personnel training at an international level
helping INPE to achieve its mission to produce science and technology using EO data to find
solutions for societal problems.

Outline

* Introduction
* Who we are? What we do?

* EO/RS Applications in the SW-S Atlantic waters.

* Qil slick monitoring.
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Space & Atmospheric Science Weather & Climate

Institutional Presentation

Mission

To develop, operate and use space systems for the
advancement of science, technology and applications in
the areas of outer space and Earth environment, and

offer innovative products and services for the benefit of
Brazil_ http://www.inpe.br/institucional/sobre_inpe/missao.php
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CBERS-4A

Manufacturer
Type
Revisiting rate

Quantization

Swath
Band 1
Sun synchronous orbit 3
: and 2
Altitude = 628 km
Inclination = 97.89° Band 3
Revisiting rate = 31 days Ea

Descending node at 10h30 local time

Launch: December 2019 Band 5 (PAN)

Resolution

Brazil

Push broom
31 days

8 bits

95 km

0.45- 0.52 um
0.52 - 0.59 UM
0.63-0.69 um

0.77 - 0.89 um

16 m

5 Linking Earth Observation Data and Sustainable Development Across the Atlantic, 3-5 Dec., Estoril, PT

Push broom TDI
31 days
10 bits

92 km

0.45 - 0.52 um
0.52 - 0.59 UM
0.63-0.69 um
0.77 - 0.89 um

0.45 - 0.90 UM

2m,8m

China

Brazil

Push broom

5 days

10 bits

684 km
0.45-0.52 um

0.52 - 0.59 UM

0.63-0.69 um

0.77 - 0.89 um

55m



Amazonia1
First MMP mission
Forest monitoring
Launch: July 2020
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Amazonia 1B
MMP mission
SABIA-Mar (Oceans)
MapSAR

Launch: tbd




@@ Center for Weather Forecast and Climate Studies

m  Modelling physical processes
relevant to the atmosphere and

47 - oceans

1 F m el _qu" .

i m  Operational Weather & Climate

‘ Forecasting

m | Meteorology and ocean monitoring
using satellite

m High performance computer
modelling

m High level graduate education and
capacity building (currently with
more than 60 PhD students)

1 CLIMATE B CLEANWATER 1 4 LIFE

ACTION AND SANITATION BELOW WATER
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Earth Observation DIVISIONS

!‘\\é Diviséo de Processamento

de Imagens

It involves scientific and technological knowledge
in the fields of remote sensing and geoprocessing,
survey of natural resources and monitoring of the
environment. It conducts research, development PROGRAMS
and applications in the fields of Remote Sensing i

and Digital Image Processing.

http://www.obt.inpe.br/
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INPE’s Environmental Monitoring Systems:
Land Cover, Deforestation Alerts and Fire
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Guyana - [] Brazilian Legal Amazon ~5 million km?2
Paramaribo
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n
Using EO data to monitor the land cover of our territory

PRODES DETER

Deforestation NRT degradation Monitoring of the land

monitoring monitoring use in deforested areas

SINCE 1988 SINCE 2004 SINCE 2004

Desmatamento corte raso
01012079

S Corte seletivo desordenado
2700208

(S

Annual maps Daily alerts Biannual maps
www.terrabrasilis.dpi.inpe.br www.terraclass.org.br
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Expand our monitoring activities to other Brazilian biomes

Jaf} - Amazon (

Cerrado (

Cerrado
23.9%

est

"~

B, T
4 = 7
5 (% 5= W

/l
Pampa S it b B
Rio de Janeiro - esc, 1:5.000.000

Linking Earth Observation Data and Sustainable Development Across the Atlantic, 3-5 Dec., Estoril, PT



AMAZONIA AZUL

BLUE AMAZON

3.539.919 km? | | S -‘

Continental

Shelf 911.847 km? Lj 7 \._

EEZ + ,
Continental 4.451.766 km? N

\
Shelf \

B[O

Rraziian B | pC
,. 5 Bra.lznlan Another ’ ZEE 2
Territory g Amazone (4.451.766 km*)

Linking Earth Observation Data and Sustainable Development Across the Atlantic, 3-5 Dec., Estoril, PT



—

Corals/Reefs ~ Mangroves Aguaculture  Algae blooms_ _Climate Health
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Observed Qil Slicks

August 30 the first ————
patches appear on the =
coast of Paraiba

Sergipe, www.ibama.gov.br Marquez&Oliveira, 2019
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http://www.ibama.gov.br/

Observed Qil Slicks

Marquez&Oliveira, 2019

November 7 reaches the
beaches of Espirito Santo
already in the form of

traces

Sao Mateus, Source: BRA Navy
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Observed Qil Slicks

Until November 11th:
* 10 states
* 112 municipalities

* 527 |ocalities

+ 2000 km of coastline reached!

+ 4500 tons of waste collected

http://www.ibama.gov.br/

Marquez&Oliveira, 2019
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http://www.ibama.gov.br/
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Reached Fauna

3. MANEJO DE FAUNA OLEADA

3.1.0corréncias em 12/11/19: 1 animal oleado

- AL: 1 tartaruga marinha morta
3.2. Total de ocorréncias: 134 animais oleados (tabelas a seguir)

FAUNA OLEADA - Ocorréncias até 12/11/2019

FAUNA OLEADA - Ocorréncias até 12/11/2019

UF

Ave

Mamifero
marinho

Outros

Tartaruga
marinha

TOTAL

AL

6

1

1

20

28

BA

19

1

7

26

53

CE

1

"

12

MA

2

2

PE

3

3

Pl

3

3

RN

14

15

SE

3

LL

18

TOTAL

30

2

12

90

134

UF Morto Vivo TOTAL
AL 21 7 28
BA 36 17 53
CE 9 3 12
MA 1 2
PE 3 3

Pl 3 3
RN 10 5 15
SE 14 4 18

TOTAL 97 37 134

Source: Ibama

Maranhao, www.bbc.com
Marquez&Oliveira, 2019
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Socioeconomic and human impacts

Not yet accounted for!

Coral Coast in Alagoas
Source: Felipe Brasil
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Work fronts

1. Try to identify the location of possible
source of oil spill.

2. ldentify possible trajectories of oil spilled
into the sea.

3. Check for oil spot identification by
satellite monitoring.

4. Verify or refute third-party oil
identification reports.

5. Identify possible locations to be reached

by oil. Marquez&Oliveira, 2019 Source: Ibama.gov.br
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Numerical Modeling Challenges

v Hydrodynamic models along with
dispersion models are employed to
estimate the behavior of oil in the
sea.

v Models and data sources with
different characteristics.

22 Linking Earth Observation Data and Sustainable Development Across the Atlantic, 3-5 Dec., Estoril, PT

Simblated
trajgctory

Obs (u.v)
time series

Marquez&Oliveira, 2019



Numerical Modeling Challenges

MERCATOR 1/12 - Corrente Superficial - 280UT2019 12Z

Mercator (Global Analysis and
Forecasting)

* g days

* 1/12 degree

Hycom Navy (regional forecast)
* 5 days
* 1/24 degree

» Seasonal Forecast - CPTEC (Global
Forecast)

* go days

*1/4 x 1 degree (lat x lon)

Marquez&Oliveira, 2019
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Numerical Modeling Approach

BACKTRACK in TIME

* Identify possible locations and date of origin of the
oil.
Hycom Navy Regional Forecasting Model

* Volume estimation shed across scenarios: e
Optimistic, Realistic, Pessimistic. 36%
5.4°S

* Allowance for future simulations. 72°

9°S

10.8°S

* Lagrangian Particle Model PARCELS
(oceanparcels.org)

12.6°S

45°W  42°W  39°W  36°W  33°W  30°W  27°W
Marquez&Oliveira, 2019

» Different current fields = different paths. !!!
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@ Numerical Modeling Approach

CPTEC Seasonal Forecasting Model

Particle histogram

Mercator Ocean International
&
Copernicus

Daily Global Physical Bulletin at 1/12°
MERCATOR PSY4QV3R1 - 2019/11/10 (analis) - Full Domain - Cumat -0m
OCEAN aoor ‘}::‘a B2 F i saat

30°wW 24°W 18°W 12°W 6*W

INTERNATIONAL

Latest bulletin: 2018/11/13

Content ©

Altimeter and scatterometer data analysis

Altim (MULTIOBS-CLS-TOULOUSE-FR) histogram
N 4000

Region ©

3000

Parameter ©

Depth ©
1000

6°S
2000
12°S

18°S

Marquez&Oliveira, 2019

40°W 30°W 20°W 10°W 0° 10°E
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Satellite Monitoring Challenges

Synthetic Aperture Radar (SAR) images are
commonly used for satellite oil slick detection
and monitoring.

Sentinel-1 A / B (Copernicus): free images since
2014.

The sensors are not programmed to acquire
offshore images in all modes and only detect
surface slicks.

Linking Earth Observation Data and Sustainable Development Across the Atlantic, 3-5 Dec., Estoril, PT




Satellite Monitoring Challenges

v" Oil patches reach the coast in subsurface, also in a disaggregated manner.
v Some oil not associated with the event was also identified.

v" Too many false positives.

Marquez&Oliveira, 2019

v"In the period of probable occurrence
(May-Jul) there is no sunglint effect
in the south-equatorial zone,
making it difficult to identify the
possible source at sea in medium
resolution optical images.
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http://www.ibama.gov.br/

@
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Satellite Oil Monitoring

Monitor possible surface and subsurface oil slicks in priority
areas of the Northeast and Southeast coast of Brazil.

Evaluate spots identified bﬁl INPE and third parties,
refuting or corroborating the alleged detections, with
complementary meteoceanographic data.

Support other activities with satellite ancillary data.

SAR Sentinel-1 A/B

Optical images CBERS 4A (AWFI, PAN10M), MODIS, OLC|,
VIIRS, MSI, OLI

High resolution

Linking Earth Observation Data and Sustainable Development Across the Atlantic, 3-5 Dec., Estoril, PT
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Case 1: Slick detected in southern BA on October 28

16°0'S

30w 80w

Mancha de Oleo - Satélite Sentinel-1A
Imagem de radar banda C, de 28 de Outubro de 2019

Prof, Dr. José Carlos Sicoll Secane
Instituto de Geoclénclas - UFRJ

103,56 km2

87,5 km2

Wow sow

Y
1808
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Case 1: Slick detected in southern BA on October 28

T

CBERS4 AWFI 28/11/19 SST MUR 28/11/2019
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Case 1: Slick detected in southern BA on October 28

® P ®

16° S Jaiasamaavssiises e ; " e, 3 3y 16°S

7o S——— . bt 17°S

17°20'S

18°S frrssstonioncnceas fomsesrees S " - o 185
chlor a (mgm3 iy .y

0.01 0.1 0.5 3 20

17°40'S 15 17°40'S

CSM MODIS + S1A (28/10/2019)
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Case 1: Slick detected in southern BA on October 28

17°s :

i
17°20'S :

400 425 450 475 500 525 550 575 600 625 650 675
comprimento de onda (nm)

1740'S —&— Pin1_Rrs —&— Pin2_Rrs —&— Pin 3_Rrs

CSM MODIS + S1A (28/10/2019)
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INPE

Case 1: Slick detected in southern BA on October 28
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Slick detected in southern BA on October 28
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5

CSM MODIS (26/10/2019)
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