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TAKING THE PULSE
OF THE PLANET

Essential Climate Variables are key indicators that
describe Earth's changing climate. Scientists use
these variables to study climate drivers, interactions
and feedbacks, as well as reservoirs, tipping points,
and fluxes of energy, water and carbon.

The climate-quality datasets produced by the Climate
Change Initiative are a major contribution to the
evidence base used to understand climate change.

' Satellite products provide

a valuable complement to in-situ
measurements. These observations
are valuable (high confidence)

for regional applications since

they provide multi-channel images
at very high spatiotemporal
resolutions g

From space, the evidence

for climate change is compelling
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Operational status of GLOSS tide guages

Because there is overwhelming global quasi-synoptic coverage
over the ocean from Earth Observation Satellites
it is fundamental to ensure that these data are traceable to
Metrology standards (the foundation of Interoperability)

This is essential if Earth Opbservation and in situ observations
are to be used with confidence.

Likewise, In situ observations must also be traceable to
Metrology standards...
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Core principles of metrology @esa

STABILITY INTEROPERABILITY COHERENCE
Century scale equivalence world wide Combining different measurements

*These numbers are from the CODATA 2017 special adjustment. They were
calculated from data available before the 1" of July 2017

20 May 1875 20 May 2019

TRACEABILITY J UNCERTAINTY COMPARISON




Steps to a FRM Uncertainty
budget

i e =

o
MEASURAND TRACEABILITY UNCERTAINTY CALCULATE
(0] U2 03 04

Define the Establish the Evaluate each Calculate the Store

measurand traceability source of product and relevant
and with a uncertainty its information

measurement diagram and fill out an uncertainty for future

function effects table users

Guidance documentation and training
materials available at www.ga4eo.org
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Tide gauges
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Assumption 3: Gaussian Ocean
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o is sea surface height and Pu is amplitude of waveform and used o )  (ocean topography skewness) is
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Assumption 2: Antenna Pattern

52 is the squared antenna G is the antenna Gain at
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Assumption 4: Point Target Response
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Fiducial Reference Measurements (FRM) esa

Fiducial Reference Measurements (FRM) are a suite of independent, fully characterized, and traceable ground measurements

that follow the guidelines outlined by the GEO/CEOS Quality Assurance framework for Earth Observation (QA4EO).

fiducial reference
%] measurements
for vegetation

\\ fiducial reference
/% | measurements for
i#// satellite ocean colour

measurements

fiducial reference
temperature

https://ships4sst.org/ https://frm4soc.org/ http://www.frm4sts.org/ https://www.frm4alt.eu https://frm4veq.orqg/

FRM-BOUSSOLE: Buoy for the acquisition of long-
term optical time series
CLIMATE MEASURSHENTS. http://www.obs-vlfr.fr/Boussole

% remote sensing

~ + Fiducial Reference
Measurements
for Satellite

Pandonia FRM: Fiducial Reference Measurements for
CRAIG 1 DONLON Ground-Based Direct-Sun Air-Qu

ALBERT C. PARR

https://www.pandonia-global-network.org/

Fiducial Reference Measurements for F R M
Ground-Based DOAS Air-Quality Observations DO AS

https://frm4doas.aeronomie.be/

Ocean Colour

Andrew Clive Banks, Christophe Le
Gavin
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http://www.obs-vlfr.fr/Boussole
http://qa4eo.org/
https://www.pandonia-global-network.org/
https://frm4doas.aeronomie.be/
https://frm4veg.org/
https://frm4soc.org/
https://ships4sst.org/
http://www.frm4sts.org/
https://www.frm4alt.eu/
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start: 20040717 1

ESA supports sustained FRM networks

ISRN netcdf data plots
ISAR 003, ISAR 002

1:37:02 Fig: track_sst

ISRN ship track

of SSTskin observations
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Lab comparison
13t -17th June, 2022, @ NPL, Teddington, UK

Radiometer comparison Blackbody comparison

- =W 4 J1 = a1 — . = Bl ZR == - BN Em im vl * THE EUROPEAN SPACE AGENCY




: cSsa Ocean Virtual Laboratory @ ® Displaydata & | B @ Hotspots 7 Share @

powered by ¢ ol =

Shortcuts ? HowTo & o ‘

T pp° g ~u::4;:‘1'|g‘l U.I‘l VVES Lyma e WA 259 7 T 30° 350 40°
= mA ®
) y - o . e (B - ol
X >~ AT 1, C
' : i ; - }' 3 East Londo;'
N R & o~ —"" oy % Makhanda g 4
e Oudtshoorn, = = S » o
. g g, o v
@ Geostrophic surface current SR George Ggeberha * 2
= — C I 70
streamlines (Globcurrent, = OEL\“’;‘e”berg < & 5
CMEMS) Mossel'Bay. o o®” 5 "y,,ﬁ(
eooee® v ’?r""ﬁ—rzc
T ® Z
-35 o 3 2
p 2
»e ’\‘QV}
.® &
e $
ﬁ ;‘.‘““1 ) L4 \\\\‘\
Sy 3
9 » &
v > 5 2
= o & % NN
g. @ X » .“ Y .. 5\\\\\
(= ® ./). 4 S‘\k [ "’ ;3 PLLLTS
8._ .... . " ".0 L (;‘T« ® N “L.‘ 0?%
At u! =z ® C 2
.’. " »"'Q""‘Os..-"" "'—" g\)' § ;f\‘\\
o8 = O IS A 2\
""n. .a\.s. - : = \u\‘\\\ @lll!‘“""r'f“/—- §
D » . 2 & & = g
o o 3 | 4 = L@[i@‘ N /Tr,L.\
& s p 2 P e ) i
S - S 2 S & = = I@HIHT?/
® S 2 W27 A I (S [
: : : Fo S i
t 2 YATAY -
T . s H LY 4 3 e
3 -
3 % e, s S % ?T/r 4
g A 3 s i
= P g 2 S ~ e g ['r
" K 2 2 9 i 9 100 km
e o ® 2 < [EZ = 100 NM
® o eveeeae ® 2 & :\' X
- -
o, 2 L %
¢ o Higuee® i 9, L2 2023-02-19
"‘. ut"‘l z g 12:00:00 UTC
iz iz S
U IS
Google I 15° |20° 25° A | 35° Map data ©2023 AfriGIS (Pty) Ltd Imagery ©2023 NASA, TerraMetrics | Terms of Use
iHour 12Hour Daily 3Day Weeky Biweeky (g Q C 2525 datasets 2023-02-19 12:00:00 UTC 21.90°, -37.72°
2023
January [ February ] March
1 B 3 4 5 6 7 8 O shiesans g dnd sl i b e L 20 I 2 T == =

= B0 E = — e 1] + THE EUROPEAN SPACE AGENCY




g - : . - = :
g‘w &; esa Ocean Virtual Laboratory @ #® Displaydata B2, B, Q Hotspots (@ Share B = Shortcuts 2 HowTo =4 £ A
; powered by . - = = = - = = s = = 3 \
0° 10° A a0° (15 50°
3 - o O l
i < —— R\ ¥
3 Pretoria f i ? \ -
= O] ) ~ f ) -~
) iy % ) i ? —
] Geostrophic surface current . Johannesburg Esw A o — = 3
streamlines (Globcurrent, ; \ - IG5
CMEMS) A AR i
‘} | - # ) e’
BIoemfonteln/\\\ 1) >
W, - NPT . Lesotho Ny ==
=30° WS = e
s A -‘\f// ; ‘_,'
- \ ¢ R ke v y
. -8 3 3»{‘“’ NI 7. o s
L B T e A g —
1 ) R ] e
[ Y \ g %} : ' y' =
X /' CapeTown'+ quberha 7 e
= o4 . -‘.’ Y'Y S 20 s N '
(o) ‘ [ 2 ) ’
g. ; > r—)»))))’ a, “
S AT ’)) _ 7
a 5 : > | ,”_. I Ji
= 4 = = | =
2o . {\ =
. 27, N &
: 7 ) : = B= )
N y 7 7 = } \.'a:
! ‘/‘ \ '
- . | ! P W 1\ Y A F
/ . —.;\\“' \ 1\ Q e I 54
200 = N | i “\ ' | a 3 —_— \ . , =7 ‘ S - - =40
£ ) === N ’ b J N - = ——— "r)i
" == S A - e T _ ' e 200 km
: ‘ ; = ‘P g pAg ! 100 NM
- -~ .\E’ " e . &
= e — - - 2023-01-07
= > 12:00:00 UTC
-@oogw |10° 20° ; A 40° Map data ©2023 AfriGIS (Pty) Ltd Imagery ©2023 NASA, TerraMetrics
THour 12Hour  Dally Biweeky () @ C 386 datasets 2023-01-07 12:00:00 UTC 22.99°, -25.58°
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
January ] February March
1 ) 3 = 6 ) 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

% THE EUROPEAN SPACE AGENCY

LA
AN

= oem am ]

EH bm B




BB B Q Hotspots (@ Share @ = Shortcuts 2 HowTo & & A

» 5
CC/ &esa Ocean Virtual Laboratory @ ® Displaydata
4 powered by : -
0 10° % AR [ e e e ,|3o° W\ (1% § 50°
g ' y : : . !
\ Pretoria 0N 2" S e |4
’ ) Ma ; < N “ ) ’1”
o . Ty = =74
=] Geostrophic surface current = ~ Johannesburg Eswatini e 76
streamlines (Globcurrent,
Bloemfontein A\ =714
, F TR, A G\ O 234 2%
' Lesotho Durbani .~ i .00 ‘ e
-30° : P s ' | A 2T
w . y
. N : o 7
! ) o 5 & \‘ }\' .”,' /v/ : e
S wn') (O ( I ’,',"/ i
¥ . P 2 -
CapeTown'+ Ggeberha o~ , SO0
3 - | > S 2 S . M=y
3 Neo: S - ol @,
Q / Lo f
Lo Znjin i
X7 7 =
= ‘\ "’ 7
[N 4 — N\ #
i) "‘;» ‘ / A \ : . il
> 5 N .
J \‘)’/ - ) 4 T ! ! .
9 ? IS WA\ = |
ﬁ:,’ N -~ 7 ' —_—
f - ¥ .,[:\ — ! 4 Z ~
/ " ! é [ /';I-::_’-'—\ Ny, Y ¢ “r - P / ) . 7 % - B . W
-40° . ; o (1 P{P ) | [ /] — { - / \ § == -40°
N i — ) ’,?rp AL : == i ¢ A \ -
S D= — - o ! 200 km
e : . . o) § ; : ’ " [100Nm
! { : ~ i ' |
3] e N _2023-01-14
E : < TS - . 12:00:00 UTC
“@°°9'4’no - |10° 20° A - . |a0e- - . BN \12p data ©2023 AfriGIS (Pty) Ltd Imagery ©2023 NASA, TerraMetrics m
1-Hour  12-Hour  Daily Bi-weekly O Q C 337 datasets 2023-01-14 12:00:00 UTC < 30.60°, -36.31°
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
[ January ] February March
1 p 3 4 5 6 7 8 o 10 |G G e 0 20210 220 23 ' 24 25 26 27 28 _20-~ 30 ‘a1

e — = 0] CE == —a - B A + THE EUROPEAN SPACE AGENCY

| Z1N5]




E, B @ Hotspots (2 Share &)

9 # Display data

Ocean Virtual Laboratory

cesa

powered by
0° 10° o ',|30° \
Pregorla Maputo
o e Es(v;;i oi 7
@ Geostrophic surface current (O Ll L Tl ol
streamlines (Globcurrent, i
CMEMS O 55 e
) Bloemfontein y
2 W\
Llesotho Durbanz 41
-30° )~
/ ~
-
| 4 _‘»‘s' ' .'
s U _‘ﬁ"
5 pTaIIL P /o
L : 7 =
o 2 -
n 11
2 B
0
pesf -
(7 . A
: J w '
ol |' y
5 '\‘x Vs M)~
- & | ,sg \ , A
“ s = M 5
| v
£ v \ 4 < : |
-40° . g . |
f s - s % Al —
i =000 NS N
— T N ~
|
@oogl{eoo 2 | ‘e i A
1-Hour 12-Hour Dalily 3-Day Bi-weekly 0 Q C 337 datasets
2013

17

January ] February
10 11 12 13 14 15 16

== CH bha B

Shortcuts 2

How To

' 40° [ ; 50°
\ o i ) . ,;.
) \ e
) !
'l ) »
l‘ \
J
= 1 J
ol /
1. ; . f
et
"rf"v.' S
| " “ -
1))
= 4 y
* / ) &
— £
l?
\
"
!
¥
\
\ A
= »
= - : § ) "
N = ) 1% ,
N = \ NN
4 - x
“=40°

200 km
100'NM

= . 2023-01-21
12:00:00 UTC

. : ! f
B Map data ©2023 AfriGIS (Pty) Ltd Imagery ©2023 NASA, TerraMetrics m

¢ 30.60°, -36.31°
2023

31

40°

2023-01-21 12:00:00 UTC

2016 2017 2018 2019 2020 2021 2022

20 (2] 2

2014 2015

23 24 25 26 27 28 29 30

18 19

% THE EUROPEAN SPACE AGENCY

N LA
AN

= oem am ]




Pl & o= L) 4 . =
(k_(/ | &esa Ocean Virtual Laboratory Q@ ® Display data B/ \&/ |\ Hotspots |\ Shars ™ (@) (1= e 0L L) L)
g powered by < - = = z 3 E E - 3 -
0° - 10° 3 > & ] BT Ry 7|30° l ' -.‘ ‘ 3 i | 405 e V"..:. P ‘ 50° .
it AN { f { 3 '
Pretoria ) |\ Nty =
; 2 Maputo, rE ‘ j (Cass
Y A Johanr;esbur Esﬁi oi ary, %, 7 ~ 2N
@ Geostrophic surface current ' Uil 3 £ 7 S ———
streamlines (Globcurrent, % i /l e N2
CMEMS - ¥ LA it L L
) ‘i Bloemfontein £1 NN S
~ dg llesotho Durban = & ™ & )
EI : ! / \*:::';__ PR 4
\ 7 o k
) =
3 ! ) { P
o , f
: 2 ¥
o B f,
4 - N
; o , 3
% .-““’" { = ’ ’ \
N = b/ » . \
o / =N
X ;= - f 3 ‘
= prs— 1 7
PA = = I Vi b
BTN ! W 2 - . o — P /) 2 A
. » - - o P ’ N —_ -
-40° ¢ BN il E ~~ A ) = _40°
’? - L4 2 g’ ) f | | — . 4 ¢ 7 ‘ S ot
‘T'trmmt - = === TR\ N .
> / # - \ e = 200 km
| # / ' | R 2 7 Py : 100NM]
@ ; . 7 z : ZAE » e S : AN 2023-01-28
3 - & Y = P ‘ 12:00:00 UTC
) ‘, :
Boogly. [ier ‘ 20 A w0 oot
1-Hour 12-Hour Daily 3-Day ' ‘ Bi-weekly @ Q C 343 datasets 2023-01-28 12:00:00 UTC 22.16°, -29.48°
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
January ] February March
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 24 25 26 27 29 ~. 30 TG




g~ "
'\'-(/ & esa Ocean Virtual Laboratory @ ® Display data B B Q Hotspots (@ share B = Shortcuts 2 HowTo S #f A
i powered by - - = - - 7 > = - = 3
0° |10° 7 ML ) l20° .V - ',|30° W7 I B dee- (155 | 50° ‘
; . ; ' ll \> ; | & | ‘
« \ ' 2 VR
. ] ! g/ -
‘ Pretoorla Maputo | | |/ | : -
2 e . X Ry 2 4 ’ B
@ Geostrophic surface current = - O ey [ ohannesburg ES\WatIJ‘I_I 'lf’_,"f,':/ - = = e
streamlines (Globcurrent, ' WS e < T 3 : P e
| [ 2 W Bloemfontein NG - = :
; : _ ! T s 1Y 77 N\ —
; i ity IFesothoiDurbamz 4 - S\ = S
-30° i v } = Z )
|" ; : 3 "'.—')}j‘ 3 > - z A‘V
.4;'.;:‘, ﬁ" ; ‘{? /
CapeTown'~ - - :
o plo" qulzerha : A {
o L - L =
[ T = .
c : .
9!- { f —~= N S )/ = i 3
("] = ) WY i — ) 7
: ’ ‘_ 3 ,I,v ')
4 ] / 1 -/ [ z g
-~ ; ; Z ~ L L L
) = i — N < QLL\.
| N A i = \\\\\\\ k&\l& N -
i f D ; 2\
\ ~ B S A .\\\/@\ ‘LLLLL\&L’ ' - ; v.:"l‘ s P ,\‘.“
f T i & — W= A R LA pZaN
-40° B S il - «; 2 7 f ?I ’§ @L$ 7 e -~ /// N\ 1 = =~ 5A0;
(il - ot & '= ) 21 . > # : LN
i A e GLL&@L‘* Z }m %F , lnulLlLll“ 4 < i, ‘ / . =
- = =72 , =W
: TS g S € e o 100NM | |
Ry e 2023-02-04
- ‘ . + . . ; S ‘ 12:00:00 UTC
1 - . - i ' 5 > !
“Sooglfy, 10 ' 20° = a0 T R T A S 2
1-Hour 12-Hour Daily 3-Day Bi-weekly O Q C 350 datasets 2023-02-04 12:00:00 UTC 26.07°, -26.80°
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
January [ February ] March
1 2 30 a5 7 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

NILZE. | [ | m
- um CH bha 01 B == - Em Em am [+

% THE EUROPEAN SPACE AGENCY



’ \ N
<'\_(/ &; esa Ocean Virtual Laboratory @ ® Displaydata B B Q Hotspots ¢ Share B = Shortcuts ~ ? HowTo & £ A
i powered by - = = - = = - . - v
0° |10° ' TR = [P %, 3 T PR A ,|30° TIPS 40° Y150 Iy 50° -
borone g ' X\ ’ | B
PO ‘ ; = N =
2 Lt ! ' [ !
, | ; Pretoona /Q’La'g”“’ ! f J 4 7 v/
1, y . 4 . ) 0 A - et
1 ‘ _. T 5 , ) .
\./ K " N : > ”I’ - ' ‘I‘ Il { 2 R o
=] Geostrophic surface current : 5 B RS Johannesburg Eswatini | ¢ /) \ N
. J > LA —
streamlines (Globcurrent, ’ S f X : Fog
CMEMS) . 5N 1A &I, =l AN
\ Bloemfontein Pyl g :
N 4 ] £ ‘
B [ R A
IY‘esotho Dur.ban = \';‘*1 =,
-30° VNN NS
W |
¢ % . 3 AR >J 3 5 3 { :
: IR 3 (‘, >
"CapeTown's <
g \p o“ ;qub.erha/ - -—
o g 2 \
c v
7] o > N\t [
- . o )
2 - N 7 ) = {
X 3 J - 1 i e
{ I ’ \< | ) /
] \ = o ] 7 ' ) -
4 iz = o
p £ ‘ L'L, 2 ( =
- NS\ - ® ; S
G s AN =
-40° i | ISR S < oA Y N JIR < = _40
1 \ : s = o\ AN . :
= 4 ' ‘ & = - e
. ) | ium:lug,"w;\“ - iy —— g N
‘ / : s = AN bt : VRS > = 200.km
| : % %['lv“..ll}_tl,llll;\ \ yor v \ Y 2 3 3 = 100-NM
= : " = N S 2 7 - ; :
P ' —_ e 2023-02-11
\ : un ! Vi - = . 12:00:00 UTC
“Sooglfy. o . A PR 0 o 200 oo s o T T
1-Hour  12-Hour  Daily Bi-weekly O Q C, 368 datasets 2023-02-11 12:00:00 UTC < 30.60°, -36.31°
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
January [ February ] March
1 2 3 4 5 6 7 8 I ;s 17 8. 19/ (20 [l 22 . 237 ‘24 25 .26 27 . 28

= - b BH 5% 2 = = = am I > THE EUROPEAN SPACE AGENCY




(k_(/ &; (SA Ocean Virtual Laboratory Q@ ® Display data B B 9 hama @ swe O = Sorcss 2 newto S o B

powered by
0° i 10° ) ,|30° gr RN Y0 (e 1O 50° ‘
. e \ —
Pretoria 7 \ N ol ’
i \ - — ¥ .
5 Chees AN ) EN R
lihannesburg Eswatinitt WY - N/
@ Geostrophic surface current ZREHIES U9 7. Yk N >
streamlines (Globcurrent, =2 t
CMEMS ; 2 P !
) \ Bloemfontein ) = \
s ©® » >4 ;
3 Lesotho Durban -
-30° & : = < 1)
] 5 ;
) s Ay 2 W
D) (BE "(1 ’
n Ca~pe°Town' ) qulzer{ha
y / Y -
e Q . gy =
c =~ ; = -
O \\ 1 ! o :N‘ <
a - )('/ ¢ ! Y /
- { X _4/f/,‘/ 4 1 £
] { QA\V‘ ‘»'e :
‘l". = ' .»"' & 2 E
\ ) . v
A WA ¢ L
\ ‘ N | i T o
| \ : 4 o 74 X N . fﬂ-::‘ . N ._:,
-40° &/ , v ) ; f 4 g : 2 | N NN , -4
4 'l f | A1 4 3 —— = ' N |
N N & AT i AN P : e \ I 200 km |
. ‘ o ‘ / g =14 ) ) —.| 100 NM
= aiy ’ 1 \ % A ¥ : - - g \
4 - : ' ' \ S 2023-02-18
—~1 =3 12:00:00 UTC

!

e A — - W\ d : -
> ' s
Sooglf, 1o 2 A - s D T e

1-Hour  12-Hour  Daily Bi-weekly @ Q C 394 datasets 2023-02-18 12:00:00 UTC 22.73°, -31.63°
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
January [ February ] March
1 2 3 4 5 6 7 8 o~ 10 ‘n a2 3w IIEEEE DR 22/ 23 ‘24 25 ‘26 27 - 28

= - b BH 5% 2 = = = am I > THE EUROPEAN SPACE AGENCY




Q Hotspots 2 Share @ Shortcuts 2 HowTo & & A

powered by Synio:

" &;esa Ocean Virtual Laboratory
0° \

@ Geostrophic surface current
streamlines (Globcurrent,
CMEMS)

sjonpo.id

=40

200 km
<100 NM

7 20230225
12:00:00 UTC

Currently active DBCP assets — used for (non FRM)

N ol = | satellite validation
Sooglf. - i

1-Hour 12-Hour Daily 3-Day Weekly Bi-weekly G @ ' C, 397datasets

8 Map data ©2023 AfriGIS (Pty) Ltd Imagery ©2023 NASA, TerraMetrics ‘| Terms of Use

2023-02-25 12:00:00 UTC 27.48°, -28.71°

2014 2015 2016 2017 2019 2020 2021 2022 (2023

January
18 ) 20 21 o ok - 27 28

2 3 4 5

N b i ol B R | e e = Bl =2 == — i Il * THE EUROPEAN SPACE AGENCY




European
Ocean

Observing
System Advancing EOOS - the foundation of European ocean knowledge

- Earth Observation is a global ocean activity. Through calibration and
validation activities ESA Unites the ocean observing community through
. . : the use of in situ observations for calibration, validation and advanced

Unite the European ocean observing community

through the EOOS Framework, to collaboratively synergy applications (a few examples shown today)
design and work towards a sustained multi-
platform, multi-network and multi-thematic

Objective 1

« ESA is pioneering Fiducial Reference Measurements (FRM) with full

EOOS that meets the specific needs of users. traceability to Sl in space and in the ocean (the foundation of
interoperability). ESA requires the highest quality FRM ocean
Objective 2 observations.

e i oy - ESAis auser of in situ observations and requires FRM quality data for

and products derived from ocean observations the last 40 years to support climate applications (EOV).
to improve collaboration across the marine

knowledge value chain. « ESA requires FRM ocean observations for many EOV in near real time
(3 hours) for the foreseeable future to support new and flying missions

Objective 3

« ESAis an EOOS Actor since sustainability of ocean observations is a

Advice governance, funding and policymaking fundamental element of Earth Observation
to implement recommendations towards a

sustained EOOS. « Space cannot (yet!) see inside the ocean — only EOOS can do that!
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