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Water quality’and human health

Why do we need good water quality:

 Health benefits of the environment

« High quality food

What happens when we do not have good water quality:

« Harmful algal blooms

* |Infectious diseases

Aerosolized
Toxins

Exposure and Inhalation
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ater qualityiindicators from space .

Indicators of
. Some References
water quality

Diffuse

Lee et al. (2005),
attenuation Wang et al. (2009)

coefficient (Kg)

Nechad et al. (2009), Son
Turbidity and Wang (2019), Dogliotti
et al. (2015)

Water colour Woerd et al. (2015);
(Forel-Ule Pitarch et al. (2021)

scale)
Pitarch et al. (2021), Son

Water clarity

(Secchi Depth) | and Wang (2020)
Suspended Volpe et al. (2011), Son and
sediment load Wang (2012)

Euphotic zone Lee et al. (2007)

-

Global Scale. Pitarch et al.  -100 0

100

MeanFU ()

77 76 5 78

Regional scale. Chesapeake Bay K, (490) Wang et al. (2009)
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Phytoplankton

@Z$C)§g§ \gm Zooplankton

Why phytoplankton?

7, S
The Ocean’s .~ Fishlarve

Photosynthesis '\ T /\ ekl ‘l
> Small fish

yrd
Marine Zooplankton = — Predator
Phytoplankton \
/ ’\ 4 | cw W

%+ live in every aquatic environment

%+ integral part of the earth’s ecosystem
+ base of the marine food chain
- Fish, Marine mammals

%+ global biogeochemical cycling & climate
processes

- Oxygen (~50% of earth’s O2)
- Affects the Climate (CO2, DMS)
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. Ecological indicators

Phytoplankton Biomass
Primary production
Phytoplankton
Size/Community structure
Phenology (timing of
phytoplankton growth)

Quantifiable metrics that

characterise ecosystem

structure, composition or
function

May serve as early-warning
Slg nals Of eCO|OgiCa| research/climate-change-cluster/events/c3-colloqui

https://www.uts.edu.au/research-and-teaching/our-

um-

. \ A o e O
disturbances and gauges of iy A o /“\
long-term trends 0.‘ff. .
Pico Nano Micro
0.2-2um. 2-20pum, 20-200 um,
Typically based on the | R
presence of )‘ 3 4 Gulf of Aden
https://earthobérvé‘t:fy.nasa.gov/images/91937
/bloom-in-the-gulf-of-aden D. Raitsos
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How to measure phytoplankton

Long-term and large-scale
biological dynamics in many
marine ecosystems remain poorly
understood, due to limited in-

water measurements
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Primary production of the global ocean

ANTOINE ET AL OCEANIC PRIMARY PRODUCTION 63
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Figure 3. Annual primary production within the world ocean {equal surface “Mollweide” projection), abtained by
summing the 12 monthly maps. This map shows the values obtained through the “standard” computation, which
leads to a global annual earbon fixation of 36.5 Gt O vy i {Table I, line 1). This map can be compared to the histor
cal primary production maps, as derived from compilations of in situ carbon fixation [e.g., Koblenrz-Mishke et al.,

(Antoine et al. 1996) 1970, Bempenetal. 1987].
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Phytoplankton communities

(a) (e)
RJ.W. Brewin et al. / Ecological Modelling 221 (2010) 1472-1483 10000 "™ Dataset 8 micro 1OF T hotoser B miero . . .
SR o 000} | MBS osp AR  Phytoplankton: basis of trophic chain
€
2005 . o 300 e : :
o May SHemplnkion® £ “ oat - Shifts in community will have effects
<” 0.10 ozt . .
001 . 0.0 on trophic chain
63.0 0.01 0.10 [1‘00 _110.00 100.00 0.01 0(.:1([) 1_.9]0 10.00
C[mgm mg m . . .
(':)) (‘j) « Increase in SST will increase
56.0 © 100.00 toset B nano+pico 1.0 o 1Fi 1 1vi
= o Ho e | os [T stratification and reduce mixing at
wol £ 100} 20 the surface (less nutrients)
P 0.10f - otoset B nono+pic HR H
PRl X ©o o T il « The meridional overturning
=Eh 0.01 0.10 1.00 10.00 100.00 0.01 0.10 1.00 10.00 . . .
¢ [mg m™) ¢ [mg m*] circulation slows and shallows, which
350 T - P - means less macronutrients from
- Nede, 555 . 08 teiet g .
A depth (reduction of chl).
28.0 g‘ 1.00
< 010 ad » Sea ice retreats, which increase
e el o o.‘;o“["iﬂac; 1o 10009 e o i e productivity in polar regions
€ [mg m™ ¢ [mg m™®
140 NEW— . 0 00.0(,:)15 « Other high latitudes will see
Mode! pico Model pico . . .
T 1000 ue=ods 1 e ‘ productivity decreasing (less
7.0 & i ] DR ] : :
£ “osf N - nutrients), but higher growth rates (+
() 0.10f i i 0.2+f ‘L.. 1
wo 001 LA EGE 0.0 k. and - responses)
. 0.01 0.10 1.00 10.00 100.00 0.01 0.10 1.00 10.00
Brewin et al., 2010 ¢ [mq m™] € [mg m™]
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Fisheries and aquaculture industries

Phytoplankton are a source of Essential Fatty Acids

 Essential for health and survival of vertebrates.

« Different classes of phytoplankton produce FAs with
differing structures

* For example, 16:4n-1 is synthesized almost
exclusively by diatoms

« Diatoms also produce EPA (Eicosapentaenoic Acid),
an essential omega-3 FA

« Climate-induced fish community transitions could be
linked to availability of essential FAs in the ocean
(Litzow et al., 2006).

Fatty acid (mg m™)

1 (c)EPA

0.5 1 2 5
Diatom chlorophyll (mg m?)

(b) Fatty acid:Phytoplankton Carbon ratio
N

(c) EPA:Diatom Carbon ratio
0.0 0.01 0.02 0.03 0.04
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Fisheries and aquaculture industries

« Harmful algal bloom detection and warning
* Hypoxic events

« Carrying capacity of habitat for shellfish culture

« Water quality (for site selection, for monitoring
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Bay, Prince Edward Island
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Zoomed Landsat satellite images showing detail of marine
aquaculture areas from 1990-2018 (data

source: https://glovis.usgs.gov/,

Remote Sens. 2022, 14(3),

732; https://doi.org/10.3390/rs14030732

Remote Sens. 2022, 14(1),
153; https://doi.org/10.3390/rs14010153
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https://doi.org/10.3390/rs14010153
https://glovis.usgs.gov/
https://doi.org/10.3390/rs14030732

Water qualitysin urban waters - Hamburg
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Datensatz Variable Zeit (UTC)
Hamburg v Chlorophyll Konzentration v A @ . 2023-09-16 10:26:51

2017-10-29 2023-09-19

o0

BROCKMANN
ConNsuLT




. Hazards related to water: flooding .
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LIBYA

DERNA GOVERNORATE, EAST PROVINCE

IMAGERY ANALYSIS: 13/09/2023 PUBLISHED 13/09/2023 V1
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Flood impact assessment in
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- Water-Related Disasters 2001-2018

Europe
Occurrence: 655

Total Deaths: 2,910
The Affected: 9.3 million
Total Damage (US$):

:s--'i? 147 .4 b\l"llog!‘_;__ .
s B -
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O < [—*— Flood
— —e— Drought
€ o
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38
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§ o | T T I T
1990 1995 2000 2005
. Year
e g
North Ameri ;
Occurrence: 938 j
Total Deaths: 20,222 &,
The Affeéted: 168.7 mil -
Total Damage (US$): s
952 billion
South America
Occurrence: 384
Total Deaths: 8,325
The Affected: 64.9 million
Total Damage (US$): 3
- 34.6 billion

2010 2015 2020 7w

~United States (343)

s/

Africa
Occurrence: 990
Total Deaths: 38,880

The Affected: 276.8 million
~ Total Damage (US$):

19 A hillinn

Oceania

Number of WRDs
1-31
31-169

I 169-428

—c"#

. 7" Occurrence: 2,206

- Total Deaths: 255,438
The Affected: 2.9 billion
, Total Damage (USS$):
557.5 billion

Occurrence: 195
Total Deaths: 739 :
The Affected: 5 million o

;?3' S.T}o’“nage (i) Lee et al. 2020




Health Impacts of Water-Related Disasters

(a) Malnutrition, 2.6% (n=2) (b)

hysical health
blems, 9.0%
(n=7)

Water-borne
diseases,
15.4% (n=2)

Other, 30.8%
(n=4)

Number of case studies for each health category following

(a) floods

(b) droughts -
m S e I ESIIII S E S SR IE 8 =_i_L|$|eetaI.2020



One hypothesis: Indirect link via zooplankton

Explains why there is often a lag of
several weeks between chlorophyll
blooms and cholera outbreaks (Huqg et al.
2005)

Chitin contained in the carapace of
zooplankton serve as food to V. cholerae.

Many lab experiments provide evidence
that V. cholerae can grow successfully on

copepods.

Images courtesy:
NASA

Wikipedia

Hug et al. 1984
Colwell and Huq

Il c= W 4 1= 1111

First step:

Phytoplankton

bloom

Second step:
Zooplankton follow

(delay 1-2 months)

Vibrio cholerae
attach themselves

to zooplankton in

high densities
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A case studyr phytoplankton and cholera

Another hypothesis: Link via biofilms
formed by V. cholerae around
phytoplankton

48 h

« Vibrio cholerae have the ability to form
biofilms around many biotic and abiotic
surfaces to access nutrients and avoid
predators.

« Formation of biofilms (Yildiz and Visick vps
2009) or many other direct interactions
could underpin strong association
between V. cholerae and phytoplankton ®
(Asplund et al. 2011, Anas et al. 2021).

Images courtesy:

NASA
Yildiz and Visick, 2009 TRENOS Fn Wiy |
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Ocean colour from space

What is the colour of the water?

Ana Dogliotti
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. What is the colour of the water?

Y B o . y [ et
s 4 ! e p £

2

»When sunlight hits the
ocean, some is reflected
back, but most

] penetrates the surface

and interacts with water

molecules.

White light (all colors)
Colors separated
for visualization
Wavelength
800

300 400 500 600 700

»Longer wavelengths of
light (green - NIR) are
absorbed

» The remaining light we
see is composed of the
shorter wavelengths
(blue).

200

Depth ‘ — -
™ I | =
100

300

© 2005 Brooks/Cole - Thomson
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% Reflected

Wavelength (nm)

% Reflected

600 7 700
Wavelength (nm)
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What does the colour of water.depend on?

Emergent by b
Reflectance R & °T9 o« o 0 Ifb,<<a
Incident a +b, e
E
i

Incident light Emerging light

Reflected

- Transmitted

absorption (a) fluorescence

/ A\\

scattering (b)

Backscattering [m‘I]

Absorption - a,(})

450 500 550 600

Wavelength [nm]

450 500 550 600

Wavelength [nm]

Scattering - by, (A)  Rpy - 409/40

l Reflectance

0.06

0.05

0.04
g

=
3
3 003
=

0.02
0.01

0.00
400 450 500 550 600 650 700

Wavelength [nm]

Ana Dogliotti
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* Particles suspended in water increases scattering of
incoming sunlight.

o Runoff from land / rivers.

o Coloured Dissolved
Visible Near IR

Organic Matter (CDOM) C 5® ‘ ,
aka Gelbstoff. B ® '@ > M— —

o Resuspended sediment.

0.025

sediments

0.02

0.015

Res(sr)

Microscopic, unicellular drifting plants

0.01

water CDOM

_/‘—" chlorophyll

400 500 600 700 800 200

0.005
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Optical properties

IOP (Inherent Optical

Properties) AOP (Apparent Optical Properties)

Medium properties that depend Characteristics of the medium dependent on geometric distribution of the
only on the composition of this light field and on the medium |IOPs. They change with varying illumination
medium, regardless of light conditions, such as solar zenith and azimuth angles.

conditions.

Examples are irradiance (E), radiance (L), reflectance (R), diffuse

Examples are scattering (b), attenuation coefficient (K), which depend on the surface boundary
absorption (a), and fluorescence. conditions. )
/ Water-leaving radiance
) ) Atmosphere
In a multi-component medium, the

total inherent optical properties can Erecan Ocean interface
be obtained by a simple addition of — \\ \ l / / L)

ypothetica
the individual contribution. reflector 7 T \ '\ £, N

—em b Il R 2 B == = =m i (¥
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Biogeochemical sighificance of:phytoplankton

+ Phytoplankton are key players in the ocean’s
carbon pump O Atmosphere

+ Phytoplankton diversity is an important factor
that affects carbon cycling

+ What's the role of phytoplankton in today’s
oceans?

+ How will phytoplankton respond to future
climate changes with interactions between
climate and biogeochemistry?

+ We need observations of phytoplankton and
associated processes on appropriate spatial
and temporal scales

Falkowski et Oliver (2007) - The carbon biological pump .
Nature Reviews | Microbeclogy

25
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Phytoplankton optical properties: absorption

= 0.12
B
= sum for all pigments
* —
- O 2
S 5 chl's a
= £ 0087
2 -
o ™
= E |
g /)
o f % 5}
S / n
3 0.04 7
S v
<
<
9
9
2 ‘
A 0.00 =
400
Wavelength A
. 010
E 008
£ 006
o
5 0.04
8
9 0.02
0.00

400 =00 GO0 700

Diatom Low
Diatom High
Dinoflagellate
0.03 Premnesiophyte
— Cnyptophyte
— Chlorophyte
— — Cyanophyte
£ 002 .
g‘d
£
mQ.
0.01
0 ) ) ) f ) e
400 500 600 700

Wavelength (nm)

http://www.oceanopticsbook.info/view/absorption/absorption_by
_oceanic_constituents

26

— wavelength (nm) —
N 4= =E ol oD i e B il ZR a2 E == == i ¥l



x 107

8 —
particles
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. Suspended material or Non-Algal Particles

Absorption Backscatter ﬂ, Y bb

a,,(A)=a,,,(443)el Smrt-4) Dovap () = bypnap (533)| 22

0.7 PR TN (T TN TN T T NN TN ST TN N N T TN SN S NN 0.008 PR T [ TR TR T T NN TR TR TN N N TN TN S S NN — 0-1 2 ™
North Sea (C6107) Atlantic Ocean (C1036) M (I)
069 \ y=031 00149 - y=0.0038 ¢ 010X 44D —
. | 0.006 é 0.08 —
| = =
0.4 - _ —
0.004 ~ \Tg- 0.0} ===
0.3 -Q e ————————
0.2 7 C 0.002 1 Q —— =
. B 400 500 600 700
0.0 L 0,000 Wavelength (nm)

Ana Dogliotti
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Coloured Dissolved Organic Matter

Absorption
. (=Scpous (Zo—A)) Scoom : slope (0.0114 —0.0251 nm-Y)
Acpor (A) = Aepoy (Ag)e
2 0.30
(b) ——— Reef waters
0.25 —— Whitsundays
—— Cairns
0.20 — —— Townsville
——— MD-dry
0.15 — MD-wet
0.10
0.05
B 0.00 =
400 500 600 700 800 400 500 600 700 800

(Blondeau-Patissier et al. 2009) 29
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From substances to IOPs to Reflectance

=i slenoes e Reflectance
Absorption
Chl-a [— E
% 0.2
i
§ | \ Direct Model
T Weveengnom R(A) =y b, (1)
Backscattering a(4)+5, (1)
E | = ma;er ‘ ' T - :
NAP § 0010} p—aF | \
1 cg: \ : Inverse Model
: (Remote Sensing)
Ana Dog“OttI (Giardino et al. 2019)  Vavelength [nm] gf s
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Reflectance algorithms

— Algorithm Development =

Atmospheric
Correction
Water Leaving
Reflectance

. 4

Satellite TOA
Reflectance
Over a Water
Body

In Situ
Observations of
WQ Parameters
During a Satellite

Overpass

Statistical or
Empirical
Algorithm
Development

=

Past Time Series
of Observations

NASA’s Applied Remote Sensing Training Program

Model

Coefficients

Monitoring

Atmospherically
Corrected Readl
Time or Current
NelElhE
Overpass
Reflectance

Derived WQ
Parameter

31
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- Atmospheric/.Correction

Ocean Colour sensors measure the upwelling Sta. ALOHA: U = 10 m s'1; clear sky; 6, = 30W
radiances at the Top Of Atmosphere (L,). | G A A AT G

09 1
Lu comes from the water leaving radiance 0.8 ~ 1 Rayleigh
(L), the radiance reflected by the s 0.7 Y asoic
atmosphere (L) and the radiance scattered 4 06 i surface
into the viewing direction by the atmosphere e 05F T 4 G
(La). § : o

0.4 . B |
i | A ) //V\\
VA
'O

To obtain Lw is necessary to remove the o2k , \
contributions from Tl \f -
0.1F '
0.0 [ | S (- TRt SO RN VARG | MDY S RS VMRS LA VR My SR Yo i \ L

J
400 600 800 1000 1200 1400
wavelength [nm]

1 1-7\1\1‘4‘_“1 1

L, and L, = atmospheric correction.

Ocean Optics Web Book

32
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Phytoplankton using Chl-a as proxy

Empirical
algorithms
100 :
~ 0.10 0OC4 version 4
High biomass 'E 0.08
:‘ 10 C=10.0"(a(0) + a(1)*R + a2)*R"2 +a(3)*R"3 +a(4)*R"4)
% 0.06 R = ALOG10((Rrs443>Rrsd90>Rrs510)/Rrs555)
§ 0.04 a N a=[0.366,-3.067,1.930,0.649.-1.532]
Low biomass g 0,02 E |
0.00 2 o NASA OC4 and OC4E v64
400 500 600 700 operational standard
wavelength (nm) AT algorithms,
0.01 e http://oceancolor.gsfc.na
g \ sa.gov/cms/atbd/chlor_a)
Remote-sensing reflectance a5l ;

maximum band ratio 0.1 1.0 10.0
([443,490,510]/555) as a ((Rrs443>RrsR490>RrsR510)/Rrs555)

function of chlorophyll-a ,
Figure from Valente et al 2016, Earth

concentration. Syst. Sci. Data, 8, 235-252,
doi:10.5194/essd-8-235-2016.

33
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Inversion algorithms

AOPS then IOPS

_ _ Mueller
1. Atmospheric corrections & (2000)
directional effects Ri<(A) m N

2. Semi-analytical relationships:

2
b b 2
R, = L1+ b ‘
= go(a+b,,) gl(a+bb)

a(}) = a,(A) + a4,(443) e 50— 43 + aS (L) Chl

443\"
09 = b0 + by 443) 77

R,{(\) from satellite(s)
S, M, 8o» 81> & a4°(A) are constants
a,,(443), by,(443), & Chl are unknown

34
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. Why to combine with other variables

v

Ecosystem
Monitoring

L. Biermann 37
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Why to combine with other variables

Eddy dynamics < "

Anomalies <
Maritime Safety <
Forecasting ¢
Storm dynamics<

L. Biermann

7 Sea Surface

—->Harmful Algal Blooms
.. = Plume dynamics
. > Coral Bleaching
Human Health

Temperature

Ocean :
..................... Golour ;
Sea Surface > Sea lce dynamics
Helght > Underwater volcanic eruptions

- Internal waves
- Transport of blooms / pollutants

38
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You cannot have everything.

Define temporal and spatial scale

Spatial Scales

L. Biermann

Phinn, S.R, Roelfsema, C.M. and Stumpf, R. (2010). Remote
sensing: the promise and the reality. In: Dennison, W., (Ed.)
Coastal Assessment Handbook, Chapter 15, University of

Maryland. .
f *L4 model data E
i +L3 composites ]
___________________ Moot = Process
SeaWiFS i
Sentinel-3 ]
. , .
Geostat!onary MODIS ! - Reglonal
satellites = ’
c *PRISMA |
: Landsats E
ot = =
! «Sentinel-2 i - Local
E Sentinel-1 :
J

«Commercial
satellites*

*Aircraft
Drones (UAVs)

- Site scales

A

——————————————————

Multi/ Specific

Daily Weekly Monthly+

Temporal Scales 20
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g
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Landsat 9
<CESat-2

CYGNSS-8

Sentinel £’
Michael F/

Animation:

NASA
Visualisation Jan 10 2023
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: NASA Ocean_}fﬁ,’_CoIoﬁur,

. &

NASA’'s MODIS (MODerate resolution Imaging Spectroradiometer) sensors aboard Terra &

Aqua satellites.

Coverage of Earth's surface every 2 days with data acquired in 36 bands at 300 m

resolution.

Launched in July 2002 to present day — over 20 years!
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_OBPG NASA/

s EARTHDATA Other DAACs

@22 OCEAN COLOR

OB.DAAC | OBPG

ABOUT ~ DATA ~ RESOURCES ~ TOOLS ~ COMMUNITY ~ GALLERY FORUM

Ocean Color Feature

Bikini Atoll Under
Threat

The Bikini Atoll in the Marshall Islands was used as

a testing ground for 24 nuclear bombs between July 2023
1946 and 1958. Craters from the violent explosions

are still evident, notably in the Northeastern part of June 2023
the atoll where the Castle Bravo (equivalent to 15 Mt

of TNT) and Romeo (11 Mt) tests were conducted. Apri/ 2023

October 2023
September 2023

August 2023

See this in the Gallery
N/

Ocean Color Web Ocean Color Social Media

NASA deploys a number of Earth observing instruments that measure the spectral nature, or color, of water. Specifically, NASA acquires, archives,
and publicly distributes such data from a variety of sources, including remote sensing ocean color instruments on satellite and airborne
platforms, as well as similar measurements made on shipborne field campaigns, by long-duration autonomous in situ platforms, and derived as l’ nasaocean @

Earth system model outputs. 156K followers

The Ocean Biology Processing Group (OBPG) at NASA's Goddard Space Flight Center has been operating and supporting the Ocean Color Web
since 1996. As a Science Investigator-led Processing System (SIPS), our responsibilities include the collection, processing, calibration, validation of
ocean-related products from a large number of operational, satellite-based remote-sensing missions providing ocean color, sea surface
temperature and sea surface salinity data to the international research community. As a Distributed Active Archive Center (DAAC), known as the
Ocean Biology DAAC (OB.DAAC), we are responsible for the archive and distribution of satellite ocean biology data produced or collected under
NASA EOSDIS, including those from historical missions and partner space organizations.

Get Started > Find Data > Use Data >

View more on Instagram

oQd

What is Ocean Color?
2,084 likes

Ocean Color is the apparent hue, shade, or tone of water that results from the interactions of sunlight with the microscopic composition of the
water column and water itself. Typical relevant water constituents include phytoplankton, mineral particles, and dissolved organic matter. The
color of the ocean varies with how these materials in seawater absorb and scatter photons of different wavelengths, which varies with their

b ave itk

Add a comment..

Aarnnacitian Eav avamanda hinkhi meadiiabivn ssimbave sdaara mhitanlanbban ~va aboindant ann anmans arann ssdharane e meads s e

Quick Links v
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HOME ABOUT ~ MISSION ~ SCIENCE ~ APPLICATIONS ~ DATA ~ LEARN MORE ~ NEWS EVENTS GALLERY ~ DOCUMEN

Mission

Building on lessons learned from previous ocean color studies, a team of dedicated people is bringing PACE to life. PACE will face a series of important milestones during its PACE StoryMap
mission development. The Development Team at Goddard Space Flight Center (GSFC) will guide PACE through each phase as the i , and observatory
are built, tested, and flown.

Observatory

GSFC s responsible for the principal mission elements, including the design and fabrication of the of scientific instr

Something New Under the Sun

Build your own PACE!

Observatory Overview

Mass with fuel Not to exceed 1700 kg (3748 Ib)

Dimensions 1.5mx1.5mx3.2m (4.9 ftx4.9ftx10.5 ft)
Power 1000 Watts

Communications S-Band - Command & Telemetry

Ka-Band - Science Data Visualizations of PACE in Orbit

Instruments
¥ UMBC

HARP

Two Slit Grating Hyperspectral Spectrographs
(ultraviolet-to-visible and visible-to-near-infrared)

Data, Control & Interface Units

rth Shield

(for Radiator:

ocCl
HARP2
SPEXone

olar Calibration
sembl)

Click on any image for a closer view.
Orbit: 19  elapsed: 30 hours 28 minutes
The primary science instrument planned for PACE s the Ocean Color Instrument (OCI) which will be capable of measuring the color of the ocean from ultraviolet to shortwave infrared. Learn more about the OCl »

44

PACE will also include two polarimeters. Such instruments are used to measure how the oscillation of sunlight within a geometric plane - known as its polarization - is changed by passing through clouds, aerosols, and the ocean. Click image to view movie. Credit: NASA Scientific Visualization Studio.
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The Copernicus Programme

=European Commission funds and manages the Copernicus Programme — all EO data are
freely available to any users.

=Satellite operation & data services shared between:
1. European Organisation for the

@
Exploitation of Meteorological
Satellites (EUMETSAT) Op< :rl .I( :US

2. European Space Agency (ESA) Europe’s eyes on Earth
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COPERNICUS
SENTINEL -
SATELLITES

SENSORS PLACED ON SEAS, | -DATA AND INFORMATION ON '  NUMEROUS APPLICATIONS -+ | RESEARCHERS AND END USERS"
LANDORINTHEAR | THESTATE OF OURPLANET . - . SRRl | ACCESSAND ANALYSE THE DATA

T oo
" INFORMATION ON'PAST,
PRESENT AND FUTURE TRENDS
e+ . —+

DATA IS COLLECTED BY COPERNICUS SENTINEL SATELLITES THAT SOMETIMES OPERATE ALONE AND SOMETIMES COMBINED
WITH SENSORS PLACED ON THE SEAS, LAND OR IN THE AIR. THIS DATA HELPS TO PROVIDE A LARGE AMOUNT OF RELIABLE
AND UP-TO-DATE INFORMATION ON THE STATUS OF OUR PLANET AND CAN BE USED TO CREATE DIFFERENT KIND OF
PRODUCTS SUCH AS STATISTICS AND TOPOGRAPHIC MAPS. THE DATA IS ANALYSED IN A WAY THAT GENERATES INDICATORS
USEFUL FOR RESEARCHERS AND END USERS, PROVIDING INFORMATION ON PAST, PRESENT AND FUTURE TRENDS.

{ opermicus

4 ( urieus

ch:'ts



ESA developed Earth Observation missions

Sentinel-5P

Swarm

2010 2015
ERS-1 2020
> Meteosat 10 MetOp-B @ [N;'fggtfsat 11 MetOp-C
MetOp -A ,‘

ERS 2 Envnsat Sentinel-1B —
Proba-l‘ Sentinel-1A M@ Sentinel-2B ﬁ

SM05 MSentinel-BB ’ SO Arctic Weather

Sentinel-2A Sentinel-6 Sentinel-5A Satellite
SO 4’ ) Michael Freilich
Cypes FYabaEy Sentinel-3A ‘

MetOp-5G-Al
Sentinel-2C Sentenac {
entine ﬁ Met0Op-SG-B1
&\@ (02M-A Sentinel-4A ﬁ
SennM MTG S1 MTG-T2
@9&\@ (02M-B C02M-C

Sentinel-3D

Sentl‘w
\Aeolus wCARE

‘ l CubeMAP

Biomass

Sentinel-2D

&

Science

European Union

Copernicus

HydroGNSS -
A E Sentlnel 6B CRISTAL-A CIVE S ROSE-L-A
ALTIUS
s D 6@
CHIME-A @
CRISTAL-B ROSE-L-B
@® FORUM % LSTM-B ‘ (IMR
Harmony TRUTHS C(HIME-B 'JI”E @ (
® MA.GIC O Sentinel;l @ f;ntine!-Z O Ser:t1inel-3 © Sentinel-6 .
Earth entinel Next Generation Missions A
Expiorer-11 . MTG-52

2025

Sentinel-5B
MetOp-SG-A2

MetOp-SG-B2
MTG-I3 —f

2030

Meteorology
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Sentinel-3A was launched in Feb 2016 and Sentinel-3B followed in April 2018

Sentinel-3 (and all Sentinels) fly in pairs (constellations).

Two-day global coverage of optical data.

Mission's main objective is to deliver measurements of sea-surface height, surface temperature, and chlorophyill.

Fondly known as the '‘Blue Sentinel’ thanks to its suite of ocean observing instruments.

e Sentinel-3 carries 3 sensors:

Microwave Ocean and

1. SLSTR (Temperature) 1. Radiometer : I]?\rs]?n?r:('eor:r
2. OLCI (Chlorophyll) e
3. SRAL (Surface Height) S e
- EUMETSAT operates  Sentinel-3 e o\
satellites.

« Copernicus Marine Data Service
conducts marine data processing and | ot e
dissemination.
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. OLClI for HABs

OLCI sensor — Algal Pigment Chlorophyll-a
Concentrations:

Full Resolution (FR) 300m -

OLCI L2 RR Blend
Chla (mg m—3)
§\_ 2017-03-16 07:49

21 spectral bands (RGB - SWIR)

Excellent Signal to Noise Ratio.

3255

Measures to 1 optical depth; determil
what is suspended in surface waters

much).

OLCI:
« Swath width: 1 270 km.

- Spatial resolution: 300m full resolution (FR)
granules, Tkm reduced resolution (RR).

L. Biermann 3505 e -

100

30

10

0.3

0.1
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Sentinel 2: Coastal and Inland Waters

e Terrestrial mission
with some marine
applications.

* Passive Optical sensor.

* Max 10 m spatial
resolution.

* Derived Ocean Colour.

*Level 1C and Level 2
data.

- £ =
«.*\ S

Brown hills speckle the eastern part of Australia’s Lake MacKay (ESA)
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Sentinel 2: Coastal and Inland Waters

Thanks to the high spatial resolution
(10m) of its VIS & NIR bands,
Sentinel-2 is still useful for:

v'Observing surface blooms.

v'Monitoring water quality, including
inland waters.

v"Monitoring aquaculture farms.
v'Validating radar applications. FIorlda Floods Oc
v'Marine Spatial Planning. 2022
v'Detecting floating debris.

L. Biermann 51
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CyanoAlert Service - Sweden

Vattenriket - a UNESCO biosphere reserve area monitored with
_Sentinel-2. Reflectance and Chl a retriev

LA chlafugn ¥

& % X
3 : Ffﬂ "
. - [ | 4 v )
W B 3 .
g .
¥ by Fu
B- P

1

12.0

18.0

30.0

36.0

42.0

48.0
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_Spatial vs. Spectral -

fl Sentinel-3 OLCI: 300 m Sentinel-2 MSI: 10m | 5 PlanetScope:
- L e

N \“/




Spatial vs. Spectral

Sentinel-3
. U (=}
OLCI: =
910 1314155 E
0 500 600 700 800 900 3
'S
. [ e
Sentinel-2 . o
- ®
MSI: 10 . S
=
(7]
£
\n
60 ()]
o
nm 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 \é’/
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Commercial satellites

Sentinel-2

©ngam-ri 2

Blue: 455 - 515 nm

i) Green: 500 - 590 nm
Dove Classic Red: 590 - 670 nm
NIR: 780 - 860 nm

Blue: 464 - 517 nm
Dove_ R Green: 547 - 585 nm

Red: 650 - 682 nm

NIR: 846 - 888 nm

PLANETSCOPE

Su perDove Coastal Blue 431-452 nm*
Blue: 465-515 nm

Green |: 513. - 549 nm
Green |I: 547. - 583 nm*
Yellow: 600-620 nm*
Red: 650 - 680 nm
Red-Edge: 697 - 713 nm
NIR: 845 - 885 nm

(* avail. after 8-band release)

| ]
e, i

Coastal Blue . Green | Yellow Red Edge
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Spatial vs. Spectral

10 m - Aircraft

Q3655 1003 1202 1221 -122 -1219 -121.8

4 km - Satellite

200 450 500 550 600 650 760 750
Wavelength (nm)
1. Spectral Resolution
2. Spatial Resolution...
Ly 3. SENSITIVITY!

~1 km - Satellite

Important characteristics
for Ocean Colour sensors

x 107°

= \Mixed diatom

= Alexandrium catenella

== Myrionecta rubra

=== Prorocentrum triestinum

= Aureococcus anophagefferens (Scaled, actual value *5)

9 km — Satellite

-0.4 -0.2 0 0.2 0.4
log Chlorophyll a (mg m™)

L. Biermann

08 1 1.2 14
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What data are relevant to us?

Things we usually know when we ask this;
eWhat variables (we think!) we want
eWhat area and time period we want to cover

But, with satellite data, there many other things we should also take into consideration. We
need to be specific about our “ask” before we start.

Because;
eData is massive....really massive!
eData is usually in different places

e Acquisition/download can be time consuming, so good to get it right!

59
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What data are relevant to us?

Some additional considerations before you go looking for data (not exhaustive!);
® Spatial coverage; does a satellite cover your area
® Spatial resolution; does a satellite give you the spatial detail we need (not always simple with S:N!)
® Spectral resolution; does a satellite have the radiometric channels you need?
®[CHL1] # [CHL2] # [CHL3]; are standard algorithms suitable for your needs?
® Temporal revisit; how often is your region sampled?
® Temporal resolution; is a time-average suitable or do you need a specific time?
® Quality vs availability; Reprocessings? Operational? Near real-time?
® Flagging; how much data is “lost” in your region? Is it really lost?
® Synergy; is a single-sensor or a multi-sensor product more appropriate?
® Format; can you “easily” work with the data?

®| icense; can you get the data?
Answers to these questions will determine where you should look for your data or interest!
Much depends on the “level” of data you can or need to use

60
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Satellite product levels = - ..

i < ¥ : - - . ’.-:_,g;-.
aN. F.F I &

Processing Level Description

Reconstructed, unprocessed instrument and payload data at full resolution, with
Level 0 oy o
communications artefacts removed. Not distributed.

Derived geophysical variables at the same resolution and location as Level 1 source data.
Level 2 (+p)

Usually atmospherically corrected.

Model output or results from analyses of lower-level data (e.g., variables derived from
multiple measurements, gap filled, temorally aggregated)



. Data provision

*Convenience: how easy is the data for you to use?
Flexibility: how many decisions have already been made in processing the data?

0 A
@ Satellite providers + + 3rd party ®
— downstream services Images
/ Maps
o
L4
o 3
> | EUMETsAT .
2| &esa
Q European Space Agency L2
"+ ®
@ t
(A&B) +C
&
o LO »@® Copernicus
S ® Satellite operators & data — Marine Service
= | Undistributed providers >
B. Loveday Less Convenience More o2
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Data providers

2

EUMETSAT

(s

{cesa

European Space Agency

B. Loveday DLR

organisation - agencies (development,
launch, operations, data processing and

ne’r.
ICEYE

KIOSTN

-
By

a9l |i3ra

A
DigitalGlobe
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Programmes:

- organisation - agencies [development
CCl launch, operations, data processing and
provision), strategic programes,
downstream providers, scientific

G)ermcus
Europe’s eyes on Earth
organisations, data & cloud services...

@ (= coemics ?.,,Mso* D sINERGISE
GHRSST aws & Noaa

GH eml UTION COASTWATCH

JRFACE TE) ATURL

SECMWF sd @ © SMES
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The Copernicus Programme.

4 —t

Ocean data is available across
the Copernicus Programme &
& ecosystem .lj—-: Satellite data processed by
P = EUMETSAT feeds in to the
EUMETSAT operates a number of —] eemsans Copernicus services .anc! many
Sentinel satellites and delivers n —— downstream applications
L data at levels Tand 2 T Programme -
_‘_ Manager c
et E
LEVEL1 [LEVEL 2 LEVEL 3lLWEL 4
SPACE ' ‘ SERVICES IN SITU 1
( Sentinel-3 @ G M ES
TECHNICAL (marine) K \ ( \ AND AFRICA
COORDINATION BY Jason-3 CCECMWF Atmosphere =¥ 2 marine consortia
Cesa Sentinel-6 - e . 4l (nominally N/W & S/E)
r N B ol :‘ Ocean £ Participant
SENTINELS MISSIONS o & '}, States User driven data delivery
OPERATED BY ~ a e Land o and services for the
@-esa & EUMETSAT ‘ Wy = —8 = /Inland waters marine environment
\ J v o <
CONTRIBUTING Sentinel-1 f"i} E CECMWF Climate Partnerships with
MISSIONS Sentinel-2 ( ¢ = COORDINATED government and
Sentinel-3 ; - Emergency BY industry
e - (land) =
F 3 / \ — i ronment
%,.Pam'cipant g ks ! {-‘)}
. g g C Ex Security
L YN WEMSA TN = emonrex
. Y \ o ) \— _/
B. Loveday MODELS 65
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_Data rep05|tor|es e N2 A N e = €S5a

Copernicus
Marine Service

Climate Data Store (WebGIS, Toolbox,
API)

Data Store (GUI, APD) Atmospheric Data Store (WEBGIS, API)
Data Centre (GUI, offline) CMEMS Marine Data Store (GUI, APl EarthData (GUI, APl

EUMETCast (Push) MyQcean Viewer (WebGIS) DAAC network (Browsers, GUI, API)
EOSDIS WorldView (WebGIS)

(s | i -
& esa v Various (AP, FTP)

Agenc)

Copernicus Data Space Ecosystem

(GUL AP (70
CCl Open Data Portal (links)

Ocean Virtual Laboratory

WEKEQ viewer (GUI)

New cloud data service mechanisms Harmonised data access API CoastWatch Data Portal (WebGIS, API) SentinelHub EO Browser

coming soon... Cloud services
- o Il ==T W 4 Jl Il — S = o O b I EK G Bl ==  Em i ¥ B. Loveday



https://data.eumetsat.int/search?query=
https://www.eumetsat.int/eumetsat-data-centre
https://www.eumetsat.int/eumetcast
https://view.eumetsat.int/
https://scihub.copernicus.eu/dhus/
https://scihub.copernicus.eu/dhus/
https://climate.esa.int/en/odp/
https://ovl.oceandatalab.com/?date=1681257600000&timespan=1d&extent=-17532819.7975_-9627396.5852344_17532819.7975_9627396.5852344&center=0_0&zoom=3&products=3857_SAR_roughness%213857_ODYSSEA_REG_SST%213857_ODYSSEA_SST%213857_GlobCurrent_CMEMS_geostrophic_streamline%213857_AMSR_sea_ice_concentration&opacity=80_100_100_60_100&stackLevel=100.02_50.04_30.02_120.07_10.01&selection=11111
https://data.marine.copernicus.eu/products
https://marine.copernicus.eu/access-data/ocean-visualisation-tools
https://www.wekeo.eu/data?view=viewer&initial=1
https://www.wekeo.eu/docs
https://www.wekeo.eu/computing
https://www.earthdata.nasa.gov/
https://www.earthdata.nasa.gov/eosdis/daacs
https://worldview.earthdata.nasa.gov/
https://coastwatch.noaa.gov/cwn/index.html
https://cds.climate.copernicus.eu/
https://cds.climate.copernicus.eu/
https://atmosphere.copernicus.eu/data
https://osi-saf.eumetsat.int/
https://apps.sentinel-hub.com/eo-browser/

. Who has it? o

IS4

Radar

ESA COAH (S1)
WEKEQ (S1)

EUMETSAT Data Store (OLCD EUMETSAT Data Store (SLSTR.
WEKED (OLCD AVHRR) EUMETSAT Data

NASA EarthData portal (MODIS+) + WEKEQ (SLSTR) ﬁjﬁ;‘;‘g‘[ﬁe 5]6]
NOAA CoastWatch (VIIRS:+)

« ESACOAH (SN
«  WEKEO(SD

Level 2 (+p) EUMETSAT OSI SAF

CMEMS Marine Data
Store

WEKEQ

CMEMS Marine Data Store S s CMEMS Marine Data EUMETSAT 0S| SAF

WEKEO WEKEQ e BTN EETEEEY «  CMEMS Marine Data
Level 4 ESA CCl Open Data Portal ESA CCl Open Data Portal WEKED Store Store

NASA EarthData Hub WEKEQ WEKED
NOAA CoastWatch (VIIRS+) NOAA CoastWiatch ESA CCl portal ESA CCl portal

Level 3
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Where to obtain images?

Some things to be aware of when “data shopping”;
®\Who has what is not always well advertised (but getting better!)
® Collections and products are not always 100% described (test first!)

®There is replication, and it is not always transparent (cloud services are particularly bad at this; ask
questions of the provider!)

Formats are starting to change:
®For now, mostly netCDF (including Sentinel SAFE format)

e Future moves to CoG or ZARR for better cloud optimisation and new access methods.

Storage architecture is starting to change:

®(Object storage (e.g. S3 buckets)

®New ways to catalogue data (e.g. STAC)

68
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https://www.cogeo.org/
https://zarr.readthedocs.io/en/stable/
https://aws.amazon.com/s3/
https://stacspec.org/en

How the datasdelivery landscape is changing

Offline ’ I
inons /<0fﬂ"‘e [ HTTP Ji
archive
Pull
,—W —
Services frfcﬂl'::z Erddap » HTTPAPIs gl Unified cloud
Q - platforms;

\ processing APls
‘ WehGIS »| 0GC &Fs and visualisation

Y

Push
services
The Shart/medium
Now
B. Loveday past term future -,
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EUMETSAT DATA SERVICE!

Data Accass / Advanced search ressits

We've found 10 results

oLc
OLC! Level 1B Full Resolution - Sentinel-3

ACHON: | Sat AN || Cot Birary | Ercw i

Data URL: sy e cmarcte

GHRSST Lovel & MUR Giobal Foundation Sea Surface Temparature
va.

Analysis (va.1) Glodal Ateributes:

Shewins 10 o 7623 ratching sarnies St 17 View

Variables: ) Lat: Aeny of 52 52 Rests (st = 0. 4313]

@ EUMETSAT DATA SERVICES

Datn Accuss / Advancoad Search resslis £ OLC! Livel 18 Reduoad Resolution - Santiel3
API request s
1200129
OLCI Level 18 Reduced Resclution - Sentinel-3 bl This 5 the Harmonised Data Access $IDA! AP! request CCresposcng to the
From elected b Far mare Information on the HOA and how 10 Use & I your own
10 E0FUMBATS WO mfrastructure, vist toe

«

PP — S —— AT LA AKALTETPORTAST_POT_091_8241co0
ey ™ o . a "
T — NG
AVALASLE TMAE RANGE: 20216141 - 2023.0478 = o= O S
. s e o W3 L g
D BT 0 GHO 6
) B TR 5 0 EH OO
. ~ A
[

a=Te . a
520 000
serty ' w0 ™M* L @
. o 3 == o -
- O 5500
preyrove r—— i s @ WM L g
—— e
el sslo =2 la
e o p— . .
s ResetFines | [ Show Besue o ™.
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. Copernicus Products: ocean in CMEMS

Copernicus Marine Data Store

Home > Marir

Filters Products 275

MOST POPULAR

<
ad

el

-

Global Ocean Physics Analysis Global Ocean Biogeochemistry Global Ocean Physics Reanalysis Global O«
and Forecast Analysis and Forecast Surface F

L

TIME Ea
dd/mm/yyyy O dd/mm/yyyy O
Covering fullnterval

+ Addlayer... i /1 % )Cfﬂl'
(eegss

WITH DEPT

DEPTH RANGE «

UNIVERSE =
Blue Ocean
White Ocean
Green Ocean

MAIN ]

Carbonate system
ot Mixed layer thickness

Other options Nekton NEW IN COPERNICUS MARINE

Min: 0002850  Max: 0951224 Nutrients Tt £ 0 0 0

Optics

Organic carbon

O Mask out-of-range values.

Plankton
Salinity

Seaice

Sea surface height 4
Surface density © -
Temperature
Velocity Mediterranean Meridional Nutrient and carbon profiles Antarctic Ocean - High ‘ODYSSE/
Wave Overturning Circulation Inde; vertical distribution Resolution Sea Ice Information Temperai

ea Global
1Jan 1987 to 31 Dec 2020, yearly 15ep 2002 to 31 Aug 2022, instantaneo regular
m, nutrients alinity, Temperatur
Iberia-Biscay-Ireland
ic: NW European Shelf
North
Sea
Black Sea BLUE OCEAN
Europe

Mediterranean Sea

NDIC

& TRENE

Hourly Global Ocean Physics Analysis Global Ocean Waves Analysis Global Ocean Physics Reanalysis Global O
Daily and Forecast and Forecast Reanalys
‘Weekly
Monthly
Yearly
Multi-yearly
Irregular

Models

SOURCE =
Numerical models
In-situ observations
Satellite observations WHITEIGCEAN

PRC

GLEVEL v

BLUE MA

ORIGINATING

Global Ocean - Arctic and Global Ocean - High Resolution Arctic Ocean - Sea Ice SARSeal
Antarctic - Sea Ice... SAR Sea Ice Drift Concentration Charts - Svalbar... and Indiv

ellte (L4
bal, 10 x 10 km

71

1
Il
it
[
|
.I.
i
Il
Il

— em EH b= Bl =€ == —




Lake Water Quality 2016-present (raster 300 m), global, 10-daily - version 1

General Info

Provides semi-continuous observations for a large number of medium and large-sized lakes, according
to the Global Lakes and Wetlands Database (GLWD) or otherwise of specific environmental monitoring

CLMSportfolio  Datasetcatalogue  Dataviewer ~Usecases  Aboutus

Water i

interest. 10-daily observations are available in near real time in the spatial resolution of 300 m and and S s o
v sexphemara
Download with the temporal extent from 2016 to present. h
teincludest ey
e Water Qually
o) andl
Validation status Applications & use cases e e
— s i i
Validated P Technica summary v
. . . . . Datasets ~
See the Quality section for detailed information.
Wate odies v
Dataset citation iver and Lake Wate Leve -
Lo Water Qualty -
You can find instructions on how to cite CLMS data in our Data policy section.
Lake Water Quality 2019-present (raster 100 m), global, 10-daily - version 1
B ik o
Characteristics ~ :
l Lake Water Quality 2016-present (raster 300 m), global, 10-daily - version 1
Spatial coverage: Temporal extent: Type: \ T :
& Al
Global 2016-present Satellite observations L
Spatial resolution: Temporal usability: Sensor:
300m Archive with regular Sentinel-3 OLCI J l Lake Water Quality 2016-2018 (raster 1 km), global, 10-daily - version 1
updates Jak -
M
Spatial representation: Undate f L i i
ate frequency: Downioad
Grid P q 24 '
AsNeeded l Lake Water Quality 2002-2012 (raster 300 m), global, 10-daily - version 1
Timeliness: [
Within 3 days after the e
end of the synthesis
period [ Lake Water Quality 2002-2012 (raster 1 km), global, 10-daily - version 1
Dl | -
Access full metadata here
» Lake Water Quality: global 10-daily Near-Real Time (raster 300m) - version 1, May 2018 - Riverand Lake e Exent v
PDF - XML
72
— Em — W 4 = O 1111 = — (o BN uu § | — g I+l
—II--— = = — N © _-h*



How to process data: SeaDAS

Temporary Release Available: SeaDAS 8.3.10 (Mac OS only) release fixes incompatibility issue with MacOS 13 Ventura

The Official NASA/OB.DAAC Data Analysis Software

Last update: SeaDAS 8.3.0 (December 12, 2022), SeaDAS 8.3.10 (June 14, 2023)

Features

» Visualization
[ XN ) SeaDAS 8.3.0

AR Bs AR e aYcPexo A 28 oeoe .

File Manager £ | World Map | World View.
& [1] S3B_OLCI_EFR.20220812T103436.L.2.0C.nc
O Metadata
3 Flag Codings
@ Vector Data
Q@ Bands
@ Rrs
3 kd
3 aot
B angstrom
]
@ 12_flags
E longitude
@ fatitude
3 Masks

» Science Processing

vl

3 “ i Q-Search (8+) @

» Statistics

Jabeuep Jakeq [y

Requirements

Jabeuen ysew

Operating Systems

» Linux: tested on Ubuntu (16.04 LTS)

oju pxid &

» Intel Mac: OS X 10.12

» Windows: 10

Navigation - [... ICoIor Manipulati... ] Layer Editor

View the complete list of suggested hardware &
configuration requirements for supported
systems.

Version History

View release notes and download historical
versions of the SeaDAS software package.

Pixel Spacing: == m --m

Zoom -~ Level --
» Latest Release: 8.3.10 (Mac only)

» Previous versions

SeaDAS is a comprehensive software packaae for the processina. displav. analvsis. and aualitv control of ocean color data. While the primarv focus of SeaDAS is
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How to process data: programming languages

Some examples and demos can be found in the following links (among many others):

Python:

%2 EUMETSAT Supporting Marine Earth Observation Applications (SMA) training course 2022

The EUMETSAT Supporting Marine Earth Observation Applications (SMA) training
course, conducted in partnership with the Oceanography & Earth Observation Group of
the National and Kapodistrian University of Athens, will share knowledge, skills,
resources and code so attendees are able to independently access and process data
from the EUMETSAT product catalogue for their marine work-flows and applications.
The SMA course will support data streams from EUMETSATs Copernicus marine

Supportl ng Marlne missions (Sentinel-3; Sentinel-6) and derived downstream products, those derived from

Copernicus supporting missions, and those made available by the Ocean and Sea-lce

J u | ia . Observatlon App“c Satellite Application Facility (OSI-SAF).

, S & Self-Paced phase: 31 Oct - 18 Nov 2022, online
—_— {UMETSAT G PSISAF Classroom phase: 21 - 25 November 2022, online

R 0 i

%* Using the Copernicus Marine Data Stream for Ocean Applications — Summer Course

CMDS Summer Course

31 May - 25 June 2021

% CMDS for Operational Services - Ocean Applications (2021)

The purpose of this EUMETSAT Copernicus Marine Data Stream (CMDS) training
workshop is to share knowledge, skills, resources and code so that attendees are
independently able to access and process Sentinel-3 data for their marine workflows
and applications.

26 April - 7 May 2021

% Operational Satellite Oceanography symposium 2021 » @

This course will offer an overview of the operational aspects of the Copernicus Marine
Data Stream (CMDS) and the NOAA CoastWatch program. Topics covered will include
ocean satellite data products (SST, ocean colour, salinity, altimetry, winds, ...), how
CMEMS assimilates data into operational models and Level 4 multi sensor products,
Data download APIs and ways in which data retrieval and processing can be scripted,
and an overview of the ERDDAP data platform and CoastWatch data portal.

28 May 2021

% CMDS Essentials Pack for Ocean Applications | self-paced learning a 74
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https://youtu.be/ZyCkVI7k3eo?si=I93ltnDNDQtjerV4
https://youtu.be/ZyCkVI7k3eo?si=I93ltnDNDQtjerV4
https://youtu.be/ZyCkVI7k3eo?si=I93ltnDNDQtjerV4
https://youtu.be/BT0lA_59jAU?si=i3Gu4520ocQWnKCN
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. SeNtinel Application Platform:

SNAP is

an ecosystem to analyse, process and communicate Earth Observation data
an Open-Source Project -

scalable to run on notebooks up to large production clusters

used for scientific analysis, operational production and training

easy to use

SNAP can

access many satellite-based Earth Observation data products as well as generic raster formats directly in the cloud

visualise the data in many ways

analyse data using statistical functions, mathematical operations, correlation, comparison with point and vector data

process satellite data with instrument specific as well as generic raster data operations
save sessions and export results in various raster and non-raster formats
be extended using Java and Python API

SNAP has

comprehensive documentation -
> 1 Million users and active community, > 10 000 forum users —
a long-term commitment of the European Space Agency

s €S

GROUP GROUP

BROANN SKYWATCH

ConsuLt GMmeH

A smEP ™

Community
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https://github.com/senbox-org
https://step.esa.int/
https://forum.step.esa.int/

SNAP. data visualization

SNAP Desktop is the
GUI application which
allows access to a large
number of EO and
generic raster data.

It provides various tools
to display the data, and
to visually analyse them.

The figure on the right shows
an RGB of a Sentinel 2 product
together with a visualisation of
a water quality parameter
(right panel). Bottom right : i : :
show the spectral plots at o e ,
places marked by PINs. o oo

~=f}~~ water_Bands measured in di sand_Bands measured indl crops_Bands measured in dl — i soil_Bands measured in di
cloud_Bands measured in dl —f—— shadow_8ands measured in dl —f— Bands measured in di @

di

0225

/
0.200 /
0.175
0.150
0.125
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. SNAP data analysis

" s = ot ettt x|
SNAP provides a e i m——— o f
rich suite of tools for | - ||’~:Jr‘“'-._ $ ; e -
data analysis, TR =
including profile and | et b riie | T I .,
spectrum plots, Ry Chbllis = p—
statistical analysis, - o
extraction of points = e
through time series, HE =R o) amanl e

HOIB AT A B4 0w

e A e ey
RTTCN

and comparison LR R————

W | t h re fe rence d d ta ‘.:‘;“" TR retn. i%;;;;%;a;’,:;;:;;:;;;, -
(match-ups). e
The figure shows some of L= e susemane cuinses !
the graphical anaIVSiS tOOlS ; o A _— :"':":t”i : 2000
included in SNAP. | ” ‘ < — Eﬁ.ﬁ:.3";-4.*..';"3:,'?'“5’.‘.‘.’:':\‘?‘ 1000
| : 0 - ”,:::,.,m,_ veds T208 0L CRMET st o E—'j - I —
il ‘HW"[ | I|‘_ il SR - rm—

Wab Purcentibe [&h)

ih

il I
e -

s P4 Me & My Yo T S Fy D W e
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SNAP, data processing

B senacor
SNAP Data Processors analyse one or e,
more input products and generate a new oy st
output product. Processors exist for D i
generic operations such as band o=y
arithmetic, map projection or temporal b
aggregation. SNAP also provides a very | .
large number of thematic processors, e.g. el —— -
for atmospheric correction, biophysical | ‘ e
indices calculation or retrieval of water o el | =
quality. And SNAP supports special B :
calibration of correction of satellite suaan: | g | i
instruments with dedicated processors.

B snap - seN2coR

‘ "o ) The target product has successfully been created and opened in SNAP.

- Actual processing of source to target data will be performed only on demand,
for example, if the target product is saved or an image view is opened.

The figure shows the GUI for the Sentinel-2 it s
Atmospheric Correction Processor sen2cor. The
screenshot was taken when the processor was
successfully executed. The black background

shows the logging information during execution of
the processor.

conce
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SNAP Batch Processing

" Graph Builder : ShipDetection.xml

File Graphs

| Read Hunu-s"-m Hc-lihminn |

|ohjm-nimimimﬁon|—.| Write |

Read Lland-Sea-Mask Calibration AdaptiveThresholding Object-Discrimination Write

Target Window Size (m):
Guard Window Size (m):
Background Window Size (m):
PFA (10~(=x):

[[] Estimate background

Error: [Nodeld: AdaptiveThresholding] Source product should first be deburst.

Load b Clear g Note E} Save @ Help [> Run

The SNAP graph builder
allows to connect SNAP
operators in processing
graphs. These can be

executed locally or in large

Example: Workflows in the SNAP graph builder tool for producing Synthetic Aperture
Radar (SAR) analysis ready data (ARD) products. From Ticehurst, et al (2019).
Building a SAR-Enabled Data Cube Capability in Australia Using SAR Analysis Ready
Data. Data. 4. 100. 10.3390/data4030100.

80
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- SNAP User S,uppovrt

User Forum Issue Tracker Tutorials For Developers

step forum SNAP  ihreAufgaben~ Projektev Filterv Dashboan o —
all categories » | OEICH Il Latest  Top A DOCUMENTATION D evelo p e rs
_— Landing Page .
Tutorials
29 / month
The S1 Toolbox category regroups Projekte Source code
all threads about the Sentinel-1 We are us e track of code changes, and the s )
Toolbox, as SAR readers or - ; i
processors We highly encourage fores and new features made 10 thx
¥ CHRIS-Box (CHRIS) = i
Found 70 tuto"als SNAP API Documentation
Leitung Marco Peters
Fe e L 10 extend or patch SNAP w e
. N T X « SNAP Enginve AP Documse
[ Sentinel-1 Toolbox (SITBX) SNAP (GENERAL TOOLBOX USAGE) ;::Qgg_w AP! Docy
B Problem Reports M Interferometry M Polarimetry M StaMPS Leit L ) SENTINEL-1 TOOLBOX (SAR APPLICATIONS)
mPyRate Ws eitung uis Vec -
Y iR SENTINEL-2 TOOLBOX (HIGH RESOLUTION OPTICAL APPLICATIONS) License
s2thx 15 / mont [ Sentinel-2 Toolbox (SIITEX) SENTINEL-3 TOOLBOX (MEDIUM RESOLUTION OPTICAL APPLICATIONS) The Sentinel Toolbaxes and full source code is operr source software and is distrioug
The S2 Toolbox category regroups Leitung el ereh ESA TRAINING COURSES (ESA TRAINING COURSES) Wiki
all threads about the Sentinel-2
Toolbox as Sentinel-2 product EXTERNAL RESOURCES (EXTERNAL RESOURCES) The Developers Wiki conta o familiar with the softw
i - |
rseadterslaznd product mamLp;(Iavon [ Sentinel-3 Toolbox (SIIITBX) OTHER (OTHER TUTORIALS) Forum
entinel-2 processors as L2A X o )
processor for atmospheric Leitung Marco Peters ALL (ALL TUTORIALS) T s et e -
correction, L3 processor for 7 Z G
temporal synthesis, etc B Sentinel Application Platform (SNAP)
W sen2cor W Problem Reports M senZlike Leitung Marco Peters
s3tbx 2/ month SMOS Toolbox (SMOSTBX)
The S3 Toolbox category regroups Leitung Tom Block
all threads about the Sentinel-3
Toolbox as readers and
processors for Sentinel-3 OLCI & [ SNAP Requirements Monitoring (SRM)
SLSTR L1 & L2. Useful .
information about Sentinel-3 and Leitung Marco Peters
the data can found at the S3VT
Documentation page IE] SNAP User Feedback (SUF)
PR Leitung Oana Hogoiu
81
E = u — I I T — ] I — - I I NPz mEmEm | - I I




. SNAP, Community and Tutorijals

ESA TRAINING COURSES (ESA TRAINING COURSES)
EXTERNAL RESOURCES (EXTERNAL RESOURCES)
OTHER (OTHER TUTORIALS)

ALL (ALL TUTORIALS)

Showing [1 ... 6] from 6

e .

mia TOOLBOX T

W.T0 VISUAL
NEL-3DM

VIDEQ

Download & Visualise

Sentinel-3 Data hroducdont

Sentinel-3 Toolbox

Data conversion and
export for Sentinel-3

Rayleigh Correction
Tutorial (S3 OLCI,
MERIS, 52 MSI)

Sort By (Tutori

S3TBX Collocation
Tutorial

READ e d READ READ READ —p
e | | - = il=E N = Bl b= 0
— HE = = — ] @

Dear SNAP users,

We would love to have your feedback on your SNAP experience.

FAQ GDPR

O

# Edit

It would help us to know which are the things that should be improved and taken into consideration for the future, so that you will be satisfied when using

SNAP.
Please take an anonymous survey in order to help us helping you:
SNAP User Survey

Many thanks from SNAP Team!
all categories » | MOEICLLLEEE Latest New (2)  Unread (275)
Category Topics
s1tbx 5.6k

The S1 Toolbox category
regroups all threads about the
Sentinel-1 Toolbox, as SAR
readers or processors.

B Problem Reports 1
B Polarimetry W StaMPS
W snaphu

W Interferometry
W PyRate

s2tbx 2.5k

The S2 Toolbox category
regroups all threads about the
Sentinel-2 Toolbox as Sentinel-2
product readers and product
manipulation, Sentinel-2
processors as L2A processor for
atmospheric correction, L3
processor for temporal synthesis,
efc.

W sen2cor 1 W sen2three M Problem Reports

W sen2like

579

The S3 Toolbox category
regroups all threads about the
Sentinel-3 Toolbox as readers and
processors for Sentinel-3 OLCI &
SLSTR L1 & L2. Useful
information about Sentinel-3 and
the data can found at the S3VT
Documentation page

® Problem Reports

snap 2.2k

This category contains all topic
about the Sentinel Toolbox
Application (SNAP) not related to
a specific Sentinel Toolbox.

Top

Latest

©O0 0

Failure to import ICEYE HS5 file and
solution

W Problem Reports

Error while running snaphu-unwrapping

W snaphu

COSMO-SkyMed Coreg_ifg_subset Error

W s1tbx

Snap2stamps error
W StaMPS

Mosaicking of SAR SLC images

W Interferometry

NESZ of Radarsat-2
W s1tbx

Atmospheric Correction for INSAR
W sitbx

Uav_sar_snap
W snap

ps_plot velocity
W StaMPS

Phase to displacement theory
W Show Room

SNAP software Back-Geocoding Error

W Problem Reports

No_intial_PS_candidites (sentinel-1)
B Problem Reports

UNITS of sentinel 3

W s3tbx

+ New Topic

239

19



http://forum.step.esa.int/c/s3tbx
http://step.esa.int/main/doc/tutorials/
https://senbox.atlassian.net/wiki/spaces/SNAP/pages/1898053693/SNAP+FAQs
https://senbox.atlassian.net/wiki/spaces/SNAP/pages/1898053693/SNAP+FAQs

SNAP roadmap

N

06/2023 — SNAP 10

Optical and Microwave Toolboxes
Large software renovation
Documentation update

Making it technologically future proof

12/2023 — SNAP 11

Product Groups
STAC support (Spatio-Temporal Asset Catalogue)
Preparing for hyperspectral CHIME and microwave CIMR

06/2024 — SNAP 12

Change detection Toolbox

12/2024 — SNAP 13

Support NISAR, BIOMASS
Time series tools

Microwave Toolbox
with future CIMR support

Optical Toolbox
With future CHIME support

Graphics to visualise change
detection or time series tools
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Thank you!

Questions are welcome.

Contact and further
information
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mailto:ana.ruescas@brockmann-consult.de

