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Abstract. The AHS (Airborne Hyperspectral Scanner) in- 1 Introduction

strument has 80 spectral bands covering the visible and near

infrared (VNIR), short wave infrared (SWIR), mid infrared

(MIR) and thermal infrared (TIR) spectral range. The instru- Although remote sensing is recognized as a powerful tool in

ment is Operated by Instituto Nacional déchica Aerospa_ the collection, analySiS, and mOdeling of environmental data,
cial (INTA), and it has been involved in several field cam- less attention has been given to the use of thermal infrared

paigns since 2004. (TIR) remote sensing. With the launch of the NASA Terra
suite of Earth remote sensing instruments in 1999, which
included TIR sensors, thermal data are poised to become a
major source of quantitative and qualitative information on
land surface processes and for their characterization, analy-
sis and modelling (Quattrochi and Luvall, 2004). Currently,
medium spatial resolution TIR data-{00m) are provided

This paper presents an overview of the work performed
with the AHS thermal imagery provided in the framework of
the SPARC and SEN2FLEX campaigns, carried out respec
tively in 2004 and 2005 over an agricultural area in Spain.
The data collected in both campaigns allowed for the first
time the development and testing of algorithms for land sur- X
face temperature and emissivity retrieval as well as the espy TERRA/ASTER and Landsat/TM-ETM+, although its

timation of evapotranspiration from AHS data. Errors were continuity in t_he future is uncertain. Low resolution TIR
Odata &1km) is currently provided by many sensors, such

as TERRA-AQUA/MODIS, NOAA-MetOp/AVHRR, MSG-
SEVIRI, ENVISAT/AATSR, etc. Its continuity in the fu-
ture is ensured with NOAA/NASA NPOESS program and
also with the future ESAs Sentinels. High resolution TIR

Correspondence tal. A. Sobrino data (few meters) are currently only available previous on-
BY (sobrino@uv.es) demand flights, in which multispectral sensors are placed on
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board planes. This is the case of the imagery used in thi2 Methods
paper, as will be shown bellow.

There are two fundamental reasons why TIR data con2.1 SPARC and SEN2FLEX field campaigns
tribute to an improved understanding of land surface pro- ) )
cesses: i) through measurement of surface temperatures 43 the framework of its Earth Observation Envelope Pro-
related to specific landscape and biophysical componentddra@mme (EOEP), the European Space Agency (ESA) car-
and ii) through relating surface temperatures with energy/'€S Out @ number of ground-based and airborne campaigns
fluxes for specific landscape phenomena or processes (QuaR SUPPort geo/biophysical algorithms development, calibra-
trochi and Luvall, 1999). Different thematic areas where TIR tion/validation a_ctlvmes and. S|mulat|on of future spaceborne
remote sensing data have been applied to the analysis of lan&ath Observation (EO) missions. The SPECTRA Barrax

scape attributes or land surface processes could be found, £2MPaign (SPARC) and the Sentinel-2 and Fluorescence Ex-
for example: i) landscape characterization: ii) thermal inter-Periment (SEN2FLEX) are samples of these field campaigns.

tia and landscape analysis; iii) estimation of energy fluxes:Both of them were conducted in the Spanish agricultural area

iv) evaporation/evapotranspiration/soil moisture; v) quantifi- ©f Barrax, which is described in the next section.
cation of energy balance or energy flux; and vi) forest en- 1€ SPARC field campaign started in July 2003, but the

ergy exchange. Another important applications of TIR re- main data collection was carried out in July 2004. It was or-
mote sensing are climate applications (soil thaw/freeze quganized under the framework of different activities related to
cle characterization, drought monitoring...), thermal anoma-th€ Surface Processes and Ecosystem Changes Through Re-

lies (urban heat island) and high temperature events detectiopPONSe Analysis (SPECTRA), an ESA candidate Core Earth
Explorer mission selected for phase-A studies but finally re-

(forest fires, coal seam fires, burning oil spills or natural phe-! :
nomena such as volcanoes...) jected for phase-B. Ground-based measurements included

In all these thematic areas and other environmental studY€getation, atmospheric and radiometric parameters, among

ies, land surface temperature (LST) is a key parameter whic/pthers. Different satellite and airborne imagery were also
can be retrieved from TIR data. Hence, except for so-collected during the campaign. Detailed information can be

lar irradiance components, most of the fluxes at the syrfound in Moreno et al. (2004). In this paper we will focus on

face/atmosphere interface can only be parameterized througﬁ]i‘erm""I radiometric measurements, which will be described

the use of surface temperature. LST can play either a direcf! Se€ct: 2.3, and thermal infrared airborne imagery, which

role, such as when estimating long wave fluxes, or indirectlyWVill P& described in Sect. 2.4. _ _ o
SEN2FLEX is a campaign that combines different activi-

as when estimating latent and sensible heat fluxes (Kerr etal., =+ -l
2004). LST can be also used as an input data in water and effl€S In support of initiatives related both to fluorescence ex-
ergy balance studies, which is an important issue in environP€riments to observe solar induced fluorescence signal over
mental studies in order to achieve a better understanding offtultiple surface targets, and to Global Monitoring for Envi-
the exchange of heat and moisture between the land surfad@"ment and Security (GMES) Sentinel-2 initiative for pro-
and lower atmosphere, also leading to a better understand®yPing spectral bands, spectral widths, and spatial/temporal
ing on the water and carbon cycles. Moreover, many othef€solutions to meet mission requirements. The first initia-

applications rely on the knowledge of LST, such as geology,tive is closely related to previous analys_is .in the framework
hydrology, vegetation monitoring, global circulation models, ©f the Fluorescence Explorer (FLEX) mission, an ESA can-
and evapotranspiration, among others. didate for a future Earth Explorer mission. Furthermore,

The purpose of this paper is to present an overview of theSEN2FLEX campaign includes activities in support of the

results obtained from thermal remote sensing in the frame EU Water Framework Directive (WFD) EO projects in order

work of two field campaigns carried out over an agricultural 10 Improve Europe’s water resources protection and manage-

area in Spain. Further details on the results presented in thi¥€nt. Similarly to SPARC campaign, coordinated collec-
overview can be found in Sobrino et al. (2006) and Sobrinotion of satellite, airborne hyperspectral and coincident in-situ
et al. (2008). data together with analysis of the joint dataset was also car-

ried out in SEN2FLEX. Two campaigns at different time pe-

The paper is organized as follows: Sect. 2 provides a de-. ) ) )
scription of the field campaigns, the study area, the instrui0d during the year 2005 were carried out to ensure differ-
mentation and measured in situ data and the airborne im&nt crop growth stages and conditions: the first on 1, 2, and

agery collected. Section 3 describes the algorithms develS June 2005 and the second on 12, 13 and 14 July 2005. De-
oped for LST retrieval, whereas Sect. 4 shows the proce-ta'ls can be found imttp://www.uv.estleo/sen2flex Details

dure considered to estimate the evapotranspiration. Finally?" thermal in-situ measurements and thermal imagery will
Sect. 5 presents a summary and conclusions. be provided in Sects. 2.3 and 2.4.
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2.2 Study area: the agricultural site of Barrax advanced components to ensure high performance while
maintaining the ruggedness to provide operational reliability

Field measurements and airborne imagery were collected ity g survey aircraft. The main AHS technical specifications
the agricultural area of Barrax (39 N, 2°6' W, 700m). This  gre:

study area is located in Albacete (Spain). The area has been _ _ _ .
selected in many other experiments due to its flat terrain, — Optical design: scan mirror plus Cassegrain-type afo-

minimising the complications introduced by variable light- cal telescope with a single IFOV determining field stop
ing geometry, and the presence of large, uniform land-use  (Pfund assembly),
units, suitable for validating moderate-resolution satellite im- — FOV (Field Of View)/IFOV (Instantaneous Field Of
age products. View): 90°/2.5 mrad,

Barrax has a Mediterranean type climate, with heavy rain- _ GsSp (Ground Sampling Distance): 2.1 mrad (0)12

fall in spring and autumn and lower in summer; it presents a
high level of continentality, with quite sudden changes from
cold months to warm months and high thermal oscillations in
all seasons between the maximum and minimum daily tem-

— Scan rates: 12.5, 18.75, 25, 35Hz, with corresponding
ground sampling distances from 7 to 2m,

— Digitization precision: 12 bits to sample the analog sig-
nal, with gain level fromx0.25 tox 10,

peratures.

The soils of the area aleceptisolsin terms of soil Tax- — Samples per scan line: 750 pixels/line,
onomy. About 65% of cultivated lands at Barrax are dry- — Reference sources: two controllable thermal black bod-
land (67% winter cereals; 33% fallow) and 35% irrigated ies (“cold” and “hot”) placed at the edges of the field of
land (75% corn; 15% barley/sunflower; 5% alfalfa; 5% view acquired each scanline,
onions and vegetables). The University of Castilla-La Man-  _ spectrometer: four dichroic filters to split radiation in
cha, through the Escuelaé@nica Superior de Ingenieros four optical ports (VIS/NIR, SWIR, MIR and TIR), and
Agronomos (Agronomic Engineers Technical Institute) op-  giffraction gratings within each port, plus lens assem-

erates three agro-meteorological stations in the study area.  pjies for re-focusing light onto the detectors,
More details about the test site are presented in Moreno et _ p.i. tors: S array for VIS/NIR port: InSb and MCT

al. (2001). arrays, cooled in Mdewars, for SWIR, MIR and TIR
ports,

— Spectral bands: 80 bands, with continuous coverage in
Radiometric temperatures were measured in situ in order to  four spectral regions (VNIR, SWIR, MIR and TIR) +
retrieve surface temperatures and emissivities. For this pur-  single band at 1.5 micrometers. In particular, 10 TIR
pose, different thermal radiometers (single broadband and thermal bands, from 71 to 80, with effective wave-
also multiband) and thermal cameras were used, jointly with lengths provided in Table 1.
blackbodies for calibration purposes and a diffuse reflectance — Noise Equivalente Delta Temperature (NE) for TIR
standard plate (model Labsphere Infragold) to estimate the  pands~0.25'C (depends on the band considered).
sky irradiance. In particular, the CIMEL radiometer model
CE 312-2, with five TIR narrowbands and also with a broad-2.4.2 Imagery dataset
band (8—-14.m) allowed the retrieval of surface temperature
and emissivity using the Temperature and Emissivity SepaDuring the SPARC and SEN2FLEX campaigns the AHS
ration (TES) algorithm (Gillespie et al., 1998). TES emis- collected several images at different times (including also
sivities for the broadband were then used to recover surfac@ighttime acquisitions in the case of SEN2FLEX) and alti-
temperatures from the broadband radiometers. In this waytudes. In particular, four different flights altitudes were con-
a complete dataset of LSTs measured in situ over differensidered: 975m, 1370m, 2060 m and 2745m above ground
samples (water, bare soil, green grass, senescent vegetatidavel, which provides pixel sizes of 2m, 3m, 4m and 7m,
corn, wheat) was acquired in both SPARC and SEN2FLEXrespectively. A total amount of 18 images were acquired in
field campaigns. This dataset was used to validate algorithmSPARC and 24 images in SEN2FLEX.
for LST retrieval from AHS data.

2.3 Instrumentation and in-situ data collection

2.4.3 Processing

2.4 Airborne Hyperspectral Scanner (AHS) ) ) ) ) ]
Basic processing (pre-processing) of AHS imagery included

2.4.1 Technical description the conversion of digital counts to radiance units and the at-
mospheric correction. Then, a higher processing level was
The Airborne Hyperspectral Scanner (AHS) (developed byapplied to retrieve LST and heat fluxes, as will be explained
SensyTech Inc., currently ArgonST, USA) is operated byin next sections. INTA provided the AHS imagery processed
the Spanish Institute of Aeronaoutics (INTA), onboard its to at-sensor radiances (level 1b) and also the Image Geom-
aircraft CASA 212-200 Paternina. The AHS incorporatesetry Model (IGM) files required to perform the geometric

www.hydrol-earth-syst-sci.net/13/2031/2009/ Hydrol. Earth Syst. Sci., 13, 203%-2009
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correction. Imagery was a}tmosphgrically CorreCFed in _theTabIe 1. Effective wavelengths for AHS thermal infrared bands.
VNIR and TIR spectral regions, using atmospheric profiles

collected during the campaign and the MODTRANA4 radia-
tive transfer code. In the case of VNIR, the atmospheric
correction (conversion of at-sensor radiances to surface re-
flectances) was performed according to the method described 71 8.18

AHS Band  Effective Wavelength
(em)

in Guanter et al. (2005). For the TIR bands, at-sensor radi- 72 8.66
ance was converted to at-surface radiance after compensation 3 9.15
of atmospheric transmissivity and up-welling radiance. Since ;‘51 1%6:7
bands 71 and 80 are more affected by noise and band 74 is 76 10:59
located in the ozone absorption region (despite this absorp- 77 11.18
tion is not observed at the flights altitude), bands 72, 73, 75, 78 11.78
76,77, 78 and 79 (see Table 1) were finally considered as the 79 12.35
optimal ones. 80 12.93

2.4.4 Vicarious calibration of thermal bands

Since the main objective is to retrieve LST from AHS TIR Involved in Egs. (1) and (2) are band averaged values using

bands, a previous assessment of the calibration for thesthe spectral response functions.
bands was performed using the data collected in situ. Thi
previous analysis allowed the identification of a techni-

cal problem for bands 71 (8.18n), 72 (8.66um) and 73 . ) :
(9.15,:m) during the SPARC campaign in 2004. For this rea_§1|ngle channel methods retrieve LST only from one thermal

S3.2 Single-channel method

. and. Different single-channel algorithms can be found in
son, only bands from 75 to 79 (see Table 1) were considere e literature (see for example Qin et al., 2001; &lez-

as optimal. Fortunately, this technical problem was solved inM = : :
) : ufioz and Sobrino, 2003). In this paper we propose a
ﬁ/egeSnfoarttzt(:nssg:\lsrli:é_ri;(ecsasn:grilgg;gzge?i;?g:?:él??onmbftféngle_Channel algorithm based on the solving for the Planck
i : o i ing to Egs. (1 2):
AHS TIR bands and the ones simulated from the in situ data diance according to Egs. (1) and (2)
for 97 test points (including water, vegetation and bare soil) Li(T)—L! (1—8<)Fi¢/n'
provided a Root Mean Square Error (RMSE).5K. Bi(Ty) = —— L !

EiTi Ei

®)

3 Algorithms development for land surface LST can be finally retrieved by inversion of the Planck’s law:

temperature and emissivity retrievals -1
€2 c1
. Ty=—|In| —+1 4
3.1 Theoretical framework ' Ai|: ( ;‘3 ; )} @

Methods for LST retrieval are based on the radiative transfewhereB; is given by Eg. (3) and; andc; are the constants
equation, which can be written in the thermal infrared regionin the Planck’s functiondp=1.19104<1® W um*m—2sr1

for a certain sensor band™as: andc;=14387.7um K). In this method the surface emissivity
LLR " ¢; is assumed to be known. The optimal AHS band for apply-
Li(T)=L;"tn+L, (1) ing a single-channel algorithm is band 75 (10.0%), since it

shows the highest atmospheric transmissivity. Assuming that
atmospheric water vapour is the primary factor controlling
the magnitude of atmospheric transmittance, the hemispheric
down-welling radiance and up-welling atmospheric radiance
for a given band, different approaches can be proposed in
order to related these atmospheric parameters with the atmo-

Ft spheric water vapour, which is a more easily accessible pa-
LMR — g Bi(Ty) + (1—e1) - (2)  rameter. In the case of SPARC 2004, such approaches leaded

T to a Root Mean Square Error (RMSE) on LST of 1.6 K. In
wheree; is the surface emissivity3; (7) is the Planck radi-  the case of SEN2FLEX 2005, atmospheric parameters were
ance at surface temperatufe and Ff is the down-welling  computed directly from MODTRAN ouputs, therefore em-
sky irradiance. In Eqg. (2) the assumption of lambertian be-pirical approaches with water vapour were not considered.
haviour for the surface has been considered in order to exThe RMSE obtained was1.7 K (test plots described in
press the reflection term as{l)7 ~1F'. The magnitudes Sect. 2.3).

whereL;(T;) is the radiance measured by the sendjris
the at-sensor brightness temperatutg)s the atmospheric
transmissivity and;iT is the up-welling path radiance. The
term LR is the land-leaving radiance (LLR) or radiance
measured at ground-level, which is given by:

Hydrol. Earth Syst. Sci., 13, 2032037, 2009 www.hydrol-earth-syst-sci.net/13/2031/2009/
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3.3 Two-channel (split-window) technique
AHS_050712_S2FLX_P01BDS

The second method proposed for LST retrieval is the Two-
Channel (TC) technique, also called Split-Window (SW)
when working in 10-12m, which has been widely used by
the scientific community (see for example Kerr et al., 2004).
In this case we have considered the TC algorithm proposed
by Sobrino and Raissouni (2000):

Ty =T +a,(T; — T)) +a,(T; — T))* +a,
+(a;+au)(1—e)+ (ag+ag) A )

being7; andT; the at-sensor brightness temperatures (in K)
for two different AHS TIR bandsy is the atmospheric water
vapour content (in g/cf) ands=0.5(¢;+¢;) andAs=s; —¢) . 3
are respectively the mean emissivity and the emissivity dif- ’
ference for the two AHS bands considered. As it can be no-

LST (K)
ticed, this method requires two TIR bands. Optimal AHS TES 7bands Il 0

bands for applying a split-window algorithm are bands 75 302 340
(20.07um) and 79 (12.3xm), as was proposed in Sobrino

et al. (2006). In this case, the knowledge of the surface emisFig. 1. Land Surface Temperature (LST) map obtained with the
sivity for the two bands is also required. The coefficients Tem_perature and Emissivity Separation (TES)_aIgorithm applied
a; (i=0,6) are obtained from simulated data (atmosphericto Alrporne Hype.rspectral Scanner (AHS) data in the SEN2FLEX
soundings, MODTRAN-4 and emissivity spectra). The com- 2002 field campaign.

parison against in situ data provided RSM#.9K in both

SPARC 2004 and SEN2FLEX 2005 campaigns. Sect 2.4.4. In SEN2FLEX 2005 the three different config-
o . urations were applied in order to assess the effect on the
3.4 Temperature and Emissivity Separation (TES) LST retrieval depending on the number of TIR band used.
algorithm A RMSE=1.4K was obtained in SPARC 2004 using only

Config 1. In SEN2FLEX 2005 a RMSEL.6K was ob-
Yained for the three configurations. As an example, Fig. 1
hows a LST map obtained with the TES algorithm during
EN2FLEX 2005. Spectral emissivity retrievals from AHS
ata using other multichannel TES methods are also pre-
ented in Jirdnez et al. (2007).

Temperature and Emissivity Separation (TES) algorithm wa
developed by Gillespie et al. (1998), and it is used to produc
the Standard Products of LST and LSE from the Advance
Spaceborne Thermal Emission and Reflection Radiometea
(ASTER) data. The TES algorithm provides simultaenouslyS
LST and emissivity, and requires at least 4 or 5 TIR bands.
It uses as input the land-leaving radiances and the down-
welling atmospheric radiance, and it is composed by three o o o
different modules: NEM (Normalized Emissivity Method), 4 Simplified method for evapotranspiration estimation
RATIO and MMD (Maximum-Minimum Difference). Basi- L )
cally, the NEM module provides a first guess of the SurfaceEvapotrar_lszplrat|on refers to the water I_ost from soil surface
temperature and emissivities using an iterative procedure, théevaporation) and from crop (transpiration). The knowledge
RATIO module normalizes the surface emissivities provid- ©f ET allows the irrigation water use optimisation. Itis im-
ing the so-called beta spectrum, and finally the MMD mod- Portant to remark that ET estimation by solving the energy
ule recovers final surface emissivities and temperature usin§&l2nce equation requires the availability of TIR data.
a semi-empirical relationship bewteen minimum emissivity ~Daily ET has been retrieved according to the methodology
(emin) and spectral contrast (MMD}min=a+bxMMD®. presented in Sobrino et al. (2005) andr@ez et al. (2005),
Different bands configurations (Config) have been consid-Which is based on the Simplified Surface Energy Balance In-

ered to apply the TES method to AHS TIR data (see Table 1)dex (S-SEBI) model (Roerink et al., 2000). Hence, the in-
stantaneous evapotranspiration (i given by:
Config 1: AHS bands 75,76,77,78,79,

Config 2: AHS bands 72,73,75,76,77,78,79, LET: = Ai(Rni — Gi) (6)

Config 3: AHS bands 71,72,73,74,75,76,77,78,79,80. . ) i ) i
where A is the evaporative fractionR, is the net radia-
Config 1 was the one used in SPARC 2004, since the othetion and G is the soil heat flux. The subindexX™refers

bands were affected by the technical problem discussed im0 “instantaneous” values, whereas the subindeX i

www.hydrol-earth-syst-sci.net/13/2031/2009/ Hydrol. Earth Syst. Sci., 13, 203%-2009
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Fig. 2. Surface temperature versus surface albéflis the sensible
heat flux, LET is the latent heat flux andis the albedo (adapted
from Roerink et al., 2000).

employed for “daily” values. Then, daily ET (ET can be
obtained as:

(7)

where L is the latent heat of vaporization (2.45MJKy
and Cy; is the ratio between daily and instantaned)s
Cai = Ryq/Ry; (Seguin and ltier, 1983; Wassenaar et al.,

J. A. Sobrino et al.: Thermal remote sensing from Airborne Hyperspectral Scanner data

AHS_050712_S2FLX_P01BDS

10

Daily Evapotranspiration

0

Fig. 3. Daily Evapotranspiration (ET) map obtained from Airborne
Hyperspectral Scanner (AHS) data in the SEN2FLEX 2005 field
campaign.

wherew; (i=1,20) are the weight factors obtained from the
solar irradiance spectrum at the top of the atmosphere. Fi-
nally, the evaporative fraction is estimated as:

Ty —T;

Aj=—r 5
Ty —Tiet

(10)

whereTy and T gt are two characteristic temperatures ob-

2002), which is day anq year dependent (Bastiaanssen et ayineq from the graph of surface temperature versus surface
2002). It has been estimated from measurements of net rane o (Roerink et al., 2000), and corresponding to dry and
diation registered in a meteorological station located in the, ot conditions for a given albedo value (see Fig. 2). Ac-
Barrax area. In the step from Egs. (6) to (7) the assumption,q 4ing to Roerink et al. (2000), Eq. (10) is only applicable

A; =~ Ay andG, ~ 0 has been considered.
Instantaneous net radiatiorR,(;) is obtained from the

when the atmospheric conditions are constants over the im-
age and the study site includes simultaneously wet and dry

balance between the incoming and outgoing shortwave angreas. In Fig. 2 it is observed an approximately constant sur-

longwave radiation:

Rui=(1—ay)R}, +¢R}, —eoT? (8)
where o, is the surface aIbedoR_iw and Rliw are respec-
tively shortwave and longwave incoming radiation (mea-
sured in meteorological stationg),and 7, are respectively

surface emissivity and temperature (estimated with any o

the method presented in the previous section) ansd the
Stefan-Boltzmann constant (5.6700° 8 Wm—2K~4). Sur-

face albedo has been estimated from a weighted mean of a

surface reflectivities5'"2°9 estimated with AHS VNIR at-
mospherically corrected bands:

9)

20
surface
s = Z W;j P;
i=1

Hydrol. Earth Syst. Sci., 13, 20320837, 2009

face temperaturelf) for low albedo values, related to water
saturated surfaces like open water and irrigated lands, where
all available energy is used in evaporation process. On the
other hand, for higher albedo values the figure shows an in-
crease of surface temperature with albedo. Thus, from A
to B the temperature increase because of the change in the
surface temperature is a result of less soil moisture avail-
fa\bility yields an evapotranspiration decrease and therefore
a surface temperature increase. Here surface is said to be
“Evaporation controlled”. Finally, surface temperature from

g decreases with increasing albedo. In this point, the soil
moisture decrease such as no evaporation can occur due to
that all available energy is used for surface heating. Thus
an albedo increase yields a net radiation decrease and there-
fore less surface heating. Here, surface temperature is said
to be “Radiation Controlled”. The methodology was applied
to the AHS imagery and tested using ET values measured

www.hydrol-earth-syst-sci.net/13/2031/2009/
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in situ in a lysimeter station located in a green grass plot.Jiménez-Muioz, J. C. and Sobrino, J. A: A generalized single-
A RMSE ~ 1mm/day was obtained. Figure 3 shows an channel method for retrieving land surface temperature from
example of daily ET map obtained from AHS data in the remote sensing data, J. Geophys. Res., 108(D22), 4688,
SEN2FLEX campaigh. doi:10.1029/2003JD003480, 2003.
Jiménez, M., Chico, J., de Miguel, E.,&&ez, J. A., Sobrino,
J. A., Jinénez-Mthoz, J. C., Prado, E., and Robles, C: Air-
5 Summary and conclusions borne Hyperspectral Scanner (AHS) spectral emissivity retrieval
in 8-13um, 10th International Symposium on Physical Mea-
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