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@ GROUPON
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Satellite Data Products: NPL [B] | & o

Knowledge/information

Desire
Many sensors
Similar products
Observations on
demand’ (nano-sats)

Trustable for decades

Carbon A=

National PhySK CYCLOPES ‘[] Elri 0, Lﬁ

Challenges
Different algorithms

Limited validation data
Data similar but different
Scene/pixel dependent Uc
Lack of standardisation
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Current challenges NPL

National Physical Laboratory

e Unabated climate change could cost up to 20% of GDP (Stern Review, 2006)

* With current data quality, wide variations in climate model forecasts cannot be
reduced for many decades

e There are wide economic, political and social implications for ‘getting it right’

Thus improving confidence in climate data to inform science, government and
policy is our main focus but also supporting applications for
agriculture/pollution etc

]

- - Nistorical
40 L = cut emissions now
L == pusiness as usual

Dice ... ... Stack ...

Data cube’ of ‘Analysis Ready Data’requires
robust analytics and provenance/QA from all
data streams increasingly from ‘on- demand’ D
capacity from nano-sats 1950 2000 2050 2100
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Earth observation at NPL NPLE

National Physical Laboratory
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Instrument calibration and quality asurance |
Current sensors under Cal Sentinel 2, 3, 4, EarthCARE, MTG

In-flight

Establishing test-sites, field-work validation & Iading a
world-first satellite calibration system, TRUTHS

Satellite data quality
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Improving climate services & models to support UK policy



Essential Climate Variables (ECV)

The Global Climate Observing System (GCOS) of UN has defined 50
ECVs that must be observed accurately over the long term to support
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NPLE

National Physical Laboratory

_ EO Satellite
- Data

ECV Development

Ancillary

+ Data

Reference
Data

All the data that goes into product development must go through a QA process

The QA system provides guidance and tools to establish QA within the ECV data product

[

QA

Categories

Tools &
Guidance to
establish and
evaluate OA

QA
Summary &
Check

)

Gogmisz}aﬁ

ECV product with embedded Quality

Assurance Indicators
(Available through C3S)

"P@‘ Climate Change
Service

FRAMEWORK FOR IMPLEMENTING QA IN ECV DATA PRODUCTS

Search and
Select ‘good’

data

(Data analytics to
maximise appropriate
data usage, efficiently,
with provenance ... )

Independent

Review
(i.e By data user, peer-
review or QA office)

Data User

(Has access to data product, QA summary
and QA evidence/tools and guidance as well
as the ability to feedback issues in a review
process)

V2~ TELESPARZIO

W~ aLEONARDO and THALES company
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Traceability Diagrams NPLE] | GrionkS
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RADCALNET: network of characterised

o A

Namibia
established
& operated
by NPL
with CNES

S| Traceability
for network to
satellites




Impact of the characterization NPLE
C am p ai g n National Physical Laboratory

Monitoring using PLEIADES 70cm resolution imagery
Before Right After Now
Sept 9th 2015 Dec. 18t 2015 April 27th 2016

Footprints Impact: ~6% Footprints Impact: ~2%

/

. Ccnes

Limited impact and fading away...



Characterisation to enable Sl traceability
has its challenges!

» Reflectance measured over large areas in short
time as illumination source (sun) angle moves

« (Laboratory instruments/concepts need to be
adapted to the field

« Suffer Extremes of temperature/environment

 Atmosphere well-characterised & no clouds

* Uncertainty (for climate) factor 5 to 10 too high

Multi-angular reflectance

Also the oceans

“Colour” T
&

Temperature
«— A surprise for the “locals”
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BB comparison (June 2016)
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Radiometer comparison

Miarni University (U5A)

OMERS (France)

Unlversity of Valencia (Spain)
University of Southampton (LK)
Qing Dac (China) -1

Qing Dao (China) -2

NPLH

. Miami University - USA

. ONERA - France

. University of Valencia- Spain

. University of Southampton - UK
. Qing Dao -China

b o

CSIRO [Australia)
KIT {Germany}
10 DM {Denmark)

. CSIRO - Australia
. KIT- Germany

hre]

MAERI (Uoftd) viewing NPL

273 Kto 323K (Oto 50°C)

11, GOTA (Canary Islands
12, JPL NASA (USA)
13, lan Barton (Australia)

ammonii_ Heat pipe

Tavpewan's

240 Kto 318 K

LST (Sun & Cloud) @ NPL

Hrileral Frysical Labarizry

WST comparison @Reservoir
near NPL and Heathrow airport
July 2016

sports field and carpark

. University of Valencia {Spain)

Matizral Phynical Libarmieey

. IPL NASA {USA)

University of Valencia (Spain) . ONERA (France)

Univarsity of Southampton (UK)
Qing Dao (China) -1
Qing Daa (China) -2

CSIRO (Australia)

GOTA (Canary Islands)

D JPL NASA (USA) W_—-'_ bﬁ o
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Enabling ‘user generated” pNpL
Carbon A
p er p I Xel U C I m ag eS National Physical Laboratory | Measurement

E’SZA PR MTD oy E Sentinel-2 Radiemetric Uncertainty Teol >
File Edit View Analysis Layer Vector Raster Optical Tools Window Help Q.- Search (Ctrl+1) File Help
= E =y o AN E9OeR s MEHED
+ =3

1jO Parameters  Processing Parameters

Product Explorer |P|xel Info & | = | |Ewes = . () (=] (=] [ (2185 nc Y E Coverage factor: 1.0
=] Position i ¥ : e

Image-X 11800|pixel

Image-Y 7630|pixel

Longitude 0°15'S6™ W|degree

Latitude 35°14'37" Ndegree

Map-X 735330_0/m Band names:

Map-Y 4327330 0jm

=/ Bands
|B8_unc_k_1.0 | 23|

£

Instrument noise

OOF straylight-systematic
OOF straylight-random
Crosstalk

ADC quantisation

DS stability
[] Snap to selected pin
Gamma knowledge
| colour ... = |uncertaint... | worid view | B
Editor: () Basic @ Sliders () Table Q W : Diffuser-absolute knowledge

= g
Name: B8_unc_k_1.0 @

Unit: null 935 10036 | §

Diffuser-temporal knowledge

Min: 13.0 Far Diffuser-cosine effect
Mane: 250.0 @y
Rough statistics! Diffuser-straylight residual

L1C image quantisation

EHE

Ja b wd 0| g
=R )
LIS = = o

: a

¥ Less Options

Histogram matching: Mone =
[ Discrete colours @

| X —-Y - | Lat - Llon - | Zoom - Level -

Sentinel 2 constellation will produce 1.8 TBytes a day (scene ~1.4GB),
adding Uc info would double size (increasing storage and transfer time)

NPL developed software tool to allow scene dependent Uc image to be
created by, and at the user terminal after data download



. X& Metrology for Earth N PL (éeanrtggg '}1{‘:‘
VI rt u aI Tr u t h TR TR A National Physical Laboratry Measurement

= Establishing ECV traceability through modelling, reference
measurements and test-site characterisations

L
o/
5 -1
0

i
..

Grid




Traceability and Validation of Bio-physical NPLE
p r O d u C t S ) National Physical Laboratory

P Mt oy dor Earths

- MR TR S CHRmaie

Field Gonio-meter for spectral
reflectance (BRF) of individual leafs

(JRC, INRIM, NPL)

GRASS ~ 2 mdiameter

17 km Ahead
FORIG




Data collection to build ‘point cloud’ NPLE

National Physical Laboratory




TLS, Wytham Woods

Wytham Woods Canopy Walkway TLS scans (movie by K. Calders)

wytham_test




Build virtual forest

What is minimum data set ? NPL

[
6 ha pointcloud « Ground monitoring sensors? National Physical Laboratory
Toee e Scaling ?
L identification e Validation and Uc evaluation
Model woody
skeleton
L Add foliage
NS ety ™ 3 L I R Fp T oWy ;
L d o SV L T
2. ,‘.ftg‘q’u' T f,ﬁf%& ¥ k! 4 .: ’! ! I A ]
Point cloud Cleaned up forest  Build trunk Add branches
of forest 3 gt
;| - Different forest types ?
| e Time consuming and data

hungry processing
 Representativeness ?
e Global scale!!

Simulate in
Add leaves RT code
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©ArRBUs pmod ) wrc
TRUTHS (Traceable Radiometry Underpinning Terrestrial and Helio-
Studies): Enabling a calibration & climate - - TRUTHS
Observatory (a prOposaI to ESA EE9) /""_{-'-_-‘-M‘"‘\\'-Tra(eableR'édiometryUr;derpmning;

Terrestrial- and Helio- Studies

' ; Whr vl ,"i . .
\ 4 :":‘—ﬁi" 4 Enabl_ing a Calibration
Ht\,j,#'xv/ and Climate Observatory

Proposal f;:»r

© GCOS “TRUTHS has important potential oo el e
contributions to make both directly through /
well-calibrated measurements and indirectly
through facilitating inter-calibration of the
= data from other platforms” GCOS 2015
195 (2015)

Suns ofme

Strategy Towards an Architecture

CEOS/CGMS/WMO (2013) R/«

Ref: 15669 . e

“....a dedicated mission flying an Sl traceable calibration

reference standard would be an important element of a future
architecture (see CLARREO and TRUTHS).”



TRUTHS Establishing a ‘fiducial’ 72 | Centre for JAX
reference data set of TOA level 1 data for climate N,Bl,:,t, ﬁg;sbu?;’m‘::

and calibration

* Asatellite proposed with a wide UK partnership led by NPL to provide 10 times more
accurate climate data (a Snapshot of climate state from which to monitor change)
and upgrade the performance of the world’s EO satellites

* A space climate and calibration observatory, NMl in space

e Benefits include:
* Informing policy on the best adaptation strategies

* Facilitating growth in climate services extracting value from ‘Big Data’
quantifying long term risk e.g. insurance

) Laser diode
Irradiance rotating arm

e Secondary products agriculture, resources ... sphers

Laser feed
bundle

Airbus UK

* Based on heritage components: submitted to ESA  cyocooters
also looking for national and bi-lateral partnerships
also possibilities on ISS

Transfer

radiometer Hyperspectral

iy 4 / imager

y NG

Cryogenic

e Economic business case in development radiometer

(CSAR)
i — )\ UK EMRP
Imperlal CUIIEge //}‘ SPACE European Mmrwoq, Research Programme .
Lond Dn AGENCY e f EURAMET

niversity of
@ lIiJleadlt:;g surrevy RAL Spaceﬁ

SATELLITE TECHMOLOGY LT

3 —
-, Mooy rean B 3 = @ AIRBUS
i i \EEOI-ST TELESPAZIO VEGA  [I5 DEFENCE & SPACE

Observation and Climate




What does TRUTHS measure? NPLE]| &l i
National Physical Laboratory | Measurement
* Incoming Total Solar Irradiance - 0.01%
* Incoming spectral Solar irradiance (300 — 2400 nm) -0.3%
e Earth reflected solar spectral radiance (320 — 2400 nm) -0.3%

— Globally @ 50 m spatial resolution & 5 nm spectral
— Can be convolved to address many ECVs and applications

VIIRS (Blonski (NOAA))
In addition to climate: VSR A
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greening’ of the deserts — nominally ~6 Months

a measure of Vegetation should be
linear in desert All optical sensors drift from pre-flight calibration



"TRUTHS upgrades the Earth observing system for climate "

As TRUTHS passes over the

. oy e | same area as another satellite,
‘ ‘ R it can transfer its ‘absolute
calibration’ and upgrade the
satellites accuracy
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Training Course: Uncertainty INPL El
analysis ‘GUM for EO’

Basic Introduction to Sensor analysis Level 1:

Uncertainty Jll Uncertainty analysis [ "“PR sy
Training for EO FIDUCEO

(non-specialised)

Existing book Level 2: Land
NPL and product aspects
online presentations at

courses
http://www.meteoc.org/ Level 2: Atmospheric

Other outreach-training.html product aspects

material NPL e-Course

expected end Level 2: Ocean
2016 product aspects




MetEOC-2 (Started Sep 2014) Coordinator N Fox (NPL) NPL

www.emceoc.org (MetEOC-3 proposal in preparation) National Physical Laboratory

2
~ 40 man years of effort - MetEOC-2: Metrology for Earth
) -_— Observation and Climate
- aligned to WMO, CEOS, ‘
GEO, ESA, etc ~15 collaborators T y  Measurement to Climate

C2ak, wil achive < 008 & launch 3% bo 30 % 0 Eh Data Record (CDR) need:
H 5 ors 5l ngdi on ~

MetEOC 1: resolved most critical pre-
flight Cal needs of EO sector

e NMis from, UK, F, D, Fi, I, NL, Cz,
Sp, CH i
+ RAL, DLR, FGI, BUW, Ujul. UCL Atmospheric ECUs

Surice:
Alr mmmrnn d spead ard drncﬂo

 Concentrates on Post-launch

Surfaca:

Saa-surface temparatura, ssa-surfacs sainity,
23 lowal, 593 stat, 5%a 1ok, Surfaca cumant, ecean
colour, carbon diockda partial pressure, ocean

. End to End Traceability & ECVs  |SiZummum, O ===

Tammipairak s, Salinty, cumank, ruirlanks, carbon
doida partial preszure, ooaan scdiy, mogen
andiracers.

» Seek to establish virtual centre of
excellence

 Addresses ~15ECVs in Land,
Atmosphere, Ocean, Radiation

g M BEEEL
« Stakeholder support from industry

academia, international orgs st



http://www.emceoc.org/
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NPL supports a range of work to improve the data that goes into climate models,
from instrument design to the end-user product

 How to ascribe Uc (QA info) to a product
* Means to assign scene dependent Uc per pixel for a CDR

= TRUTHS provides a comprehensive benchmark for the Fundamental Climate Data
Record (FCDR) in the solar reflective domain provides benefits along the entire
C3S supply chain, CCI and other EO applications including upgrade of sensor
performance particularly valuable for new nano-sats and a flagship for Metrology

* New metrology new skill sets ranging from Geographers to Mathematicians & the
need to educate on Sl and Uc analysis in general

In summary NPLE]

National Physical Laboratory

As we increase the accuracy in climate data, we reduce risk and increase the
effectiveness of policies and adaptation stratemes
Sentinel /EO constellation :

v

TRUTHS calibration
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