’Retrieval and evaluation of .\

Mary Langsdalt
NERC funded NCEO PhD st
Supervisors: M Wooster (

Also involvedT Dowling, M de Jong, MrosvenarBMain (K i n)

ING'S I
College
)¢ LONDON

f R AVEl

y l 8
\ PCentre foyg
'“*0 )bservatiq

“R/




e
Outline 2

AWhat are land surface temperature (LST) and land surface (spectral) emissivity (LSE)?

AHyperspectraL WIR airborne imaging instrumentation
oNERC NCEO’s OWL

Land Surface Temperature Mission
0 NASAJ P HyTES

ALST + LSE retrieval from airborhgperspectralimagers
o Hy T EeRieval algorithm

Avalidation of LST/LSE retrieval methods

o Development of robust validation methodology S5 T s
0 Assessment dflyTESetrieval algorithm Copemlcus ngh pnomy Cand|date

APreliminary LST/LSE retrieval worlOWL (see Mike Perry
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Land Surface Temperature (LST) 3

AAggregated radiometric surface temperature of the Sentinel 3A SLSTR
ensemble of components within the sensor FOV |

AWhy important?

V evaluating land surface & laretmosphere interactions
(e.gevapotranspiration)

V constraining surface energy budgets (& model 4 =y
parameters) € . : -
V providing observations of surface temperature change T . N i

both globally and in key regions
07/2017-11/2017
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AEstimated from TOA spectral radiance in Thermal
Infrared atmospheric window (813‘m) ... b u't
requires knowledge of other parameters
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What sensor
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measures .
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ARatio of radiance emitted by objected to radiance that

woul d be emitted by perfect
temperature and wavelength

AWhy important?
o Calculating land surface temperature/ surface energy budgets
o Land cover changes
o0 Mineral mapping and resource exploitation

AHyperspectral sensors offer new opportunity for ‘* N
simultaneous LST/emissivity retrieval + satellite mission 5 cs!| | /
development
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HyperspectralLWIR Airborne Instrumentation -

AN C E GpesimAisaOWL [OWL]
ANASAI PL’ s Hyperspectral ThHyTERa

OWL
Spectral range: 7.612.6um Spectral range: 7.512.0um

96 spectral bands (50 nm 256 spectral bands (17.6 nm

bandwidth) bandwidth)
TFOV = 2422 TFOV =500
At 1000m, pixel size 1.2m; swai At 1000m, pixel size 1.7m; (512
~410m (384 pixels) pixels)
Mass gscanheadt 13.1 kg Mass gscanheaft 12 kg
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LST/LSE retrieval

U Multiple algorithms been developed to tackle this

remote sensing
L N
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Physical Retrieval of Land Surface Emissivity Spectra
from Hyper-Spectral Infrared Observations and
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Land surface temperature derived from

airborne hyperspectral scanner thermal

Retrieving Atmospheric and Land Surface Parameters From At-Sensor Thermal

Infrared Hyperspectral Data With Artificial Neural Network
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Validation with In Situ Measurements
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Land surface temperature from multiple geostationary satellites
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This article provides a description of a land surface temperature (LST) data set
generated (and provided in near-real-time or offline) based on infrared data from sen-
sors onboard different geostationary (GEO) satellites: Meteosat Second Generation
(MSG), Geostationary Operational Environmental Satellite (GOES), and Multifunction
Transport Satellite (MTSAT). Given the different characteristics of the imagers onboard
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Abstract: A fully physical retrieval scheme for land surface emissivity spectra is presented,

ANSACTIONS ON GEOSCTENCE AND REMOTE SENSING. VOL 40, NO. & APRIL 201 |

Temperature and Emissivity Retrievals From
Hyperspectral Thermal Infrared Data Using
Linear Spectral Emissivity Constraint

Ning Wang, Hua Wu, Frangoise Nerry, Chuanrong Li, and Zhao-Liang Li

racs—COhwisg 1o the B posed probles of radiometric equa-
e separntion of hkand surface temperature (LST) und band
le embsalvity (LSE) from observed dats has always been o
fesome problens. On the basis of the sssumption that the
jpectrum can be deseribed by @ plocewise looar Fumetion,
method has hees pruposed to reirleve LST and LSE from

Temperature-emasvity separation (TES), as one of the key
prodlems bn thenmual nfrared (TIR) remote sensing, s attractve
although many studies have been undertaken on this aspect | 1)
However, the retrseval of LST and LSE from space is a diffscul
sk, Farst, the radimive transfer oquation (RTE) shows that the
radiance emutted froe the ssrface bs the fusction of LST and

rﬂh‘nllv currected by perspectral thermsal nfrared dota us.
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Temperature and Emissivity Separation (TES) algorithm

U Combination of 3 different algorithms (NEM, Ratio, MMD) |~ "~

Operational LST&E products using TES £ T o o ? "]"
- ASTER ot
- MODIS V6 it i ———
- ASTER GED b -
- HyTES I
- ECOSTRESS Y
V>V\? V. <7 iL_MMD = max(B) - min(R) |

- VIIRS (planned) o

------------------------------- T = R ) |
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Validation of LST/ Emissivity Retrieval Algorithm 8

Spectral emissivity : F/Jv‘f*\vﬂvw"*‘“"*’“""“"““”
measurements from: 09 D/bm
() Samples collected + . |
) measured in Iab_ora_ltory é OWL spectral range
(i) Measurements in field (96 spectral bands)
using portable o 7.6 -12.6 um
instruments

T T Y T Y T
4 6 8 10 12 1"
Wavelength (um)

' = 1) 1 'lExternal
| [FTIR spectrometer | ® MIR |
RS Source
| MCT detector BT EL
— /__._/ - < .' i -

Temperature measurements from LWIR
radiometers over thermally distinct
surfaces

Integrating
Sphere
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Laboratory Instrumentation: Emissivity

iNCEO's Bruker Vertex VZB™ETI R spectrometer

with external gold integrating sphere [Vertex]
External MIR source
— i
4 0 ’f External
~ |FTIR spectrometer . MR MEY-qelector
\ F ' | ~L_Source
MCT detector | g |
- J'_';‘»:,* ' w Folding
Y. \ ‘D / Ll InGaAs
(| Iriemalsample : detector
o o Connecting
tube Sample port
Integrating o g et
Sphere Spectrakesolution 0.5cnrt ,4cmland8cnt

Spectrakecordingrange | 4000625cm?! (2.5-16f m)

Meas Type DirectionalHemisphericaReflectance

A National Centre for Samplenort 30mm 'S
¥ Earth Observation pi&p l(?/&ég?
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Field Instrumentation: Emissivity :

UNCEO' s Bruker EM2 7
[EM27]

UNASAJPL' s Desi gmsroF&IRPr ot
spectrometer [D&P]

EM27 D&P
Spectralresolution 05cm?! 4cm? 6 cnt
Spectralrecordingrange | 5000—700cnt! (2—14]3333 - 2000cntt (3 - 5
tm) t m); 1250— 833 cm (8 -
12t m)
Type PassiveEmission PassiveEmission
| EM27 measuring LWIR EM27 measuring LWIR
FOVat 1m 60 mm 80 — 160 mm (depending . . . .
surface emissivity downwelling irradiance
on foreopticy
‘ Mass/ Power 18kg,40—80W 125kg,18W e
LONDON
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Intercomparison of
measurements froni3
different setups aB
laboratories (NcCINCEO®
Ki ng’ s, NA S

Samples: aluminium/gold
sheets laminated in
polyethylene

Sample 1 . sompe2
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Spectral Emissivity
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N
\ 7
\ § 4 LN VAN
Y /
1\ \
\ J L \
N \
v _\/
1011 12 13 14
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LWIR———

Sample 1

Noatvrsd Comtre b UNIVERSITY OF ™.
952“__%::_ al.hlt‘.rslrk ! e

Wavelength (pmn)

13 14 ‘ e
Jet Progutsicn Latoratory SRR

Calorsa Nt of Techecogy r,‘l:":}" >
DLR <

Standard Deviation over LWIR
(% mean)

Sample 1la: 0.142 (16.6%)
Sample 2a: 0.110 (12.5%)

Higher uncertainties
from laboratory
measurements of
emissivity than
previously assumed
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Distilled Water
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Wavelength (;m)

Differences observed amongst
measurements of distilled water

Use of lowest measurement would result
in LST 2.9 K less than if used highest
emissivity

Amongst higher emissivity group,
differences would lead to surface
temperature retrieval differences of 0.7 K
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1.00

0.98}

0.96 |-

0.94

Emissivity

0.90 |-

0.88}

0.86 |

8.0

0.92}

—, KCL Lab

/

— D&P (JPL Field)
7— EM27 (KCL Field)
/- )

= A National Centre for
p) Earth Observation

NATURAL ENVIRONMENT RESEARCH COUNCIL

9.5 10.0

Wavelength (um)

0
12.0

L L - .
N w - wm (=)} ~ (o]
o o o o o o o
Relative Response (%)

[
o

Mary Langsdale | mary.langsdale@kcl.ac.uk | NCEO King's

Method Heitronics KT'15..8'5 bandpecific
emissivity

Laboratory (Verte/70) 0.956+0.003
Field (EM27) 0.952+0.009
Field (D&P) 0.956+ 0.002
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Data Collection HyTESduring ESA/NASAETSens€ampaign 2019~

Data collected as part dNETSenseampaign (June 2019)

Land Water

‘Rollonica

Duxford + surrounding areas, UK

#Grosseto

Grosseto, Italy

National Centre for Jet Propulsi
T pulsion Laboratory
Earth Observation % esa @ California Institute of Technology
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HyTESlata
from NETSense
Campaign

Grosseto AM
23 June 2019

Level 1- Raw Level 2-LST

Level 2-LSE
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HYyTER\Irbornevs.In Situ LST Data Comparison

90 -
eoe Tarps .
80 eee Soil, Gravel, Tarmac, Grass i A!I surfaces:
eee \Water P BlaS =+ lsm
95 c Scatter = 2.21C
—~ 60} o.” " _
& . g B Just land:
2 50y o * Bias =+ 0.9C
= 57 Scatter = 2.2IC
i B % -0 )
> &
L 30} &
20} s
10}
0 ! ! ! ! : L ! 1
10 20 30 40 50 60 70 80 90
In Situ LSTs (" C)
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HyTES In Situ Field/Lab LSE
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Data Collection (OWL)

Alconbury, UK

June 2017
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LST/Emissivity algorithm development: OWL Airborne Sensot

(1) TestindHyTESig. adapted to OWL on simulated data  (2) Testing OWAderived LSTs and emissivity vs.

Sample LST bias [OWL_v1] (K LST bias [OWL_v2] (K
Water 1.096 0.161
Soill 1.966 1.125
Rock 0.338 0.734
1.000 — i pondwater i i
\ I M\ A Input”™
0995 || I(.“' | \ 4o v/- 1I' \ \A\—/"Jﬂ, \ "d_'\'.'_ \ ﬂg‘h
U VY VY V — TES_OWL vl
0.990 TES_OWL v2 |
0.985

0975
0.970
0965} | LA A ¥ o

|t L Y 1 / \ \ 2 F"\J'"

|\ \ A/ \ AN \
0,960 ey b Y
0-95 A " "
30 8.5 a.0 9.5 100 105 11.0 115 12.0

ool |\ of DN AMMT
wﬁv/bﬂf/ / xdm V\/V/
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in situ data
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Summary and Concluding Remarks :

AHyperspectral airborne sensors offer new opportunities for missionadgdevelopment for LST/LSE

AHYTES LST and LSE retrieval alg. has been tes
o HYyTE&STs found to be within 1.35 K for all surfaces considered and 0.8 K for natural surfaces

AEvaluation of algorithms must take into account accuracy of field/laboratory instrumentation and ou
o Intercomparisorof different laboratory emissivity setups suggests NCEO laboratory setup within 2% of mean ove

AEarly application oflyTES.ST/emissivity retrieval algorithm to OWL data promising
o OWL algorithm within 1.2 K when tested on simulated data of natural surfaces

ANext steps: OWL validation with existing in situ data HFFE®021 campaign in Barrax flying OWL
alongside in same platform

< I .
£~ A National Centre for o
= " Earth Observation Mary Langsdale | mary.langsdale@kcl.ac.uk | NCEO King's

7 NATURAL ENVIRONMENT RESEARCH COUNCIL




