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ABSTRACT - Ground measurements of land surface temperatur®)(b& necessary for the validation of LST
products derived from thermal infrared (TIR) remstmsing data. In the validation campaigns, oneoirtigmt
factor to take into account is the downwelling hetmisj irradiance (F HEM ), which has to be measured
near-simultaneously to the surface temperature omeasents. Direct measurements of F HEM with a
radiometer involve the measurement of sky radiarfo® all zenithal and azimuthal directions, anck th
integration over the upper hemisphere. Such measemés are time-consuming and are not useful because
atmospheric conditions may change during the memsent process. Several methods to accurately determ
F HEM in a short period of time are analyzed irs fhéper to evaluate which is the most suitable:diffesive
approximation, the use of a TIR diffuse reflectapageel, and the simulation of F HEM values by medres
radiative transfer code using both radiosoundingedimeasured at the study area, and atmospheridl@sdfom

the National Center for Environment Prediction. Tlesults show that the fastest and most reliable ndetbo
obtain F HEM is to make measurements with a difiefsectance panel at zenith angles from nadir t6, 0
any azimuthal angle, and keeping a distance of a80tB0 cm between the panel and the radiometer.

where L(0,¢) is the downwelling radiance at the
1 INTRODUCTION zenithal and azimuthal directio®,$). To correct the
Accurate land surface temperatures  (LSTS),, measurements in equation (1) for the emissivity
measurements using thermal infrared data needsefect and get accurate LST values, it is needed to
take into account two important factors: land stefa measure Fygy in addition toeg,. The most exact way
emissivity €,) and the downwelling radiance comingq optain L',y is to measure the radiance from all
from the surroundings and the atmosphere refldayed possible zenithal and azimuthal directiong(6ld),
the surface. The radiative transfer equation ofahd- -4 integrate these measurements in the upper
leaving radiance from an areay() at surface level is: hemisphere according with (2). Since take these

= ! measurements is a very time-consuming process which
Lsur = esuB(LTS + (1~ Esur)ﬂ (1) s critical with skies partially cloudy and changinit
T is necessary alternative faster methods.

where B is Planck’s function for a blackbody emiitin
at the LST, this procedure assumes a LambertianALTERNATIVE METHODS
behavior of the surface following Kirchhoff's lamé 2 1 Diffusive Approximation
F'Lewm is the downwelling irradiance.

The term Fuew /n is called hemispheric Proposed by Kondratyev (1969), this method needs
downwelling radiance (l4v) and can be written as: homogeneous atmospheric conditions (cloudy or
cloudless skies). A single radiance measurenehef t

s
oy sky at an effective zenithal angle giv€seu:
T2
[ TLY(8,¢)sin6 cosvdbdg . .
00 @) LHEM = Lsk)xeeff) 3
s
2”5 In this study we choose an effective zenithal angle
[ T singcosfdadg of 54°.
00 2.2 Alternative Diffusive Approximation
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A modification of this method, was proposed by Rubiexperimental setup was designed allowing us toimbta
et al. (1997), suggesting take measurements of the skgdiance measurements, both from a golden diffuse
at 0° and multiplaying this value by a factor reflectance panel at different combinations of teai
and azimuthal angles, and also with both diffusive
! ! . approximation methods on cloudless days. Simulated
LHEM = VL sky(0 ) 4) values of Lyew calculated from introducing
atmospheric profiles provided by different sourices

Values ofy vary from 1.1 to 1.7. This version of@ RTC were also included.
the diffusive approximation is more practical ireth
field, since it is not needed an accurate measuremd INSTRUMENTATION
of the viewing zenithal angle. The_se techniques ageq Multispectral Radiometer
very fast but both of them require homogeneous
atmospheric conditions (complete cloud cover dit the present study was used a radiometer CIMEL
completely clear skies), and do not consider tHgectronique (CE312-1) (Brogniez et al. 2003), whic
possible radiative contribution of the surroundinés @ multi-spectral sensor that measures the reelian
elements. According with Garcia-Santsal. (2010), emitted by a surface in the TIR region (84iM). This
y vary linearly with the wavelength and the watefadiometer is composed composed of an optical head,
vapor content (W). Then it is necessary an indepefbich points to the surface, and a data-loggeejdito

measuement of W to carry out this method. the optical head, responsible for registering the
measurements. The CE312-1 has four filters thatvall
2.3 Atmospheric Profiles us to measure in a wide spectral interval (chadnel

8.0 um -13.3um), and three narrow spectral intervals
An alternative way to obtain!l,ey is introducing an within the wide channel (channel 2: 11u% -12.4um;
atmospheric profile, acquired with a radiosondehannel 3: 10.2um -11.3pm; channel 4: 8.3m -9.3
launched concurrently to the surface measuremintsum). The field of view (FOV) of the optical head is
a radiative transference code (RTC) such d9°.
MODTRAN 4v3r (Berk et al. 1999). If there are not
radiosondes available, another possibility is t@ us A previous calibration of the CE312-1 shows a
atmospheric  profiles resulting from reanalysifinear relationship between the black-body and the
techniques, provided by weather forecast centar suiradiometer with an uncertainty for the channels .t
as the National Center for Environmental Predictioim units of mwWn®sricm, of: + 0.0019, + 0.02, + 0.01
(NCEP). These profiles need to be interpolateghd + 0.02, respectively (or equivalently: + 0.04,3¢
temporally and spatially at the time and placehe t 0.012 K, + 0.011 K and + 0.03 K, in the radiative
measurements (Kalnay et al. 1995) using themperature).
coordinates of the desired zone and the central dfou
the measurement session. Simulation procedurgs piffuse TIR Reflectance Panel
present also some drawbacks: radiosondes are not
always available,.and the NCEP profiles are predictThe diffuse reflectance panel used in this work
from dat.a obtained  from _spatial . and t.e.mporac!orresponds to the model Infragold Reflectance éfarg
interpolation, whereas the atmospheric conditio$ ¢,o1 94 100 from Labsphere®. It is a gold rugged
be different in the region nearest to the intepeste, surface with dimensions of 2.5.4 X 25.4 2cand a

and changing with time. height of 1 cm. This panel has a high reflectivitythe
TIR region, with values of 0.923, 0.925, 0.925 and
0.918, respectively, for CE312-1 channels 1 to ih w
The last possibility proposed is the use of a ddfuan error of $0.009. Consequently, following
reflectance panel with Lambertian behavior, whicKirchhoff's law the emissivities of the panel incta
allows obtaining Fuey measuring the reflected channel are 0.077, 0.075, 0.075 and 0.082, respégti
radiance by the panel from any viewing directiohisT

panel can be used under any atmospheric conditié¢ntMETHODOLOGY

and it takes into account the radiative contributad ) )
the surroundings elements in additon to th&n experiment was conducted on 28th May of 2009 in

atmosphere. order to compare the different procedures to determ
o ) L‘'hem, in a large and flat area of rice fields of the
The objective of the present work is to compare all|pufera of Valencia, Spain, to minimize the effedt
the previous methods and assess which of them cod surroundings. The site is located at 39° 15N\63
be the most suitable. With this aim a simplge 18 1570. This day the sky was completely clear

2.4 Diffuse Reflectance Panel
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assuring a minimal variation of ey during the Additionally L'‘ygy values were calculated using
measurement process. The measurements watmospheric profiles into the MODTRAN 4v3r code
performed following the next procedure. OngBerk et al. 1999). The profiles came from two
radiometer was fixed in a goniometer taking angulaifferent sources. One was the profile acquired
measurements over the panel from 0° to 65° zenitl@ncurrently with the radiosonde mentioned above.
angles, at intervals of 5°. Three consecutive regdat The other one was a profile provided by NCEP
each angle were made, calculating the average .valteanalyses interpolated spatially and temporallhat
Each zenithal sweep was made for two differeqiace and time of the radiance measurements. m bot
azimuthal angles (0°, respect to the complementacgses the profiles were processed with a RTC, which
solar plane and 90°, on the correspondingrovided L'(8,4) values for the zenithal angles 0.0°,
perpendicular), were chosen only two azimuthall.6°, 26.1°, 40.3° 53.7°, 65.0°, 70.0°, 75.0°,080
angles because the time of measurements session 8A9° and 89.0°, {,en was calculated introducing
close to an hour, exactly the time consumed by these values into eq. (2).

radiosonde launched  concurrently to  the

measurements. Simultaneously, another identicRRESULTS

radiometer took readings vertically from the sky to

obtain the radiance Y{0°), required in Eq. (4) and Figure 2 shows the results of the comparison for al
sometimes this radiometer was placed measuritige different methods to obtain'/lgy at the four
LY(54°) according with Eq. (3), to get a value ofpectral channels of the CE 312-1 thermal radiomete
L‘yem according to the diffusive approximation. The

experimental setup can be seen in Figure 1. (FIGURE.2)

(FIGURE.1) Lpanel is the direct measurement ofykm obtained
from the panel. s is the direct measurement of

In the case of the alternative diffusive approxiowat |',., obtained from the panel correcting its
method proposed by Rubit al. (1997) an adequate emissivity effect. The uncertainty assigned at each
value of they coefficient must be set, since it dependshannel of both parameters is: +1.2(CH1), +1.8(GH2)
on the channel and also on W. To this end, a pusvio+1.9(CH3) and +1.2(CH4) mW#sricm. Lgongis the
simulation study (Garcia-Santost al. 2010) was average value of the continuous measurements of
carried out using the radiosonde data containetén | ‘., by means of diffusive approximation proposed
Cloudless Land Atmosphere Radiosonde (CLARjy Kondratyev (1969). The uncertainty assigned at
database (Galvet al. 2008), which spans a W intervaleach channel is: +0.3(CH1), +0.6(CH2), +0.4(CH3)
from 0.02 to 5.61 cm. For each of these radiosandeg,d +0.2(CH4) mWnisrlcm. Lruyo iS the average
the parameters W,*(0°) and e were obtained by yajue of the continuous measurements Ofichy by
simulation, from both radiance thecoefficient was means of diffusive approximation proposed by Rubio
derived according with Eq. (4). Finally it was db&d et 51, (1997). The uncertainty assigned at each channel
a linear relationship betwegnand W using these datajs: +2(CH1), +3(CH2), +3(CH3) and +2(CH4) mWm-

for the 4 channels of the CE312-1: 2srlem. Lrago is the simulated value of ‘Ley
obtained from introducing the atmospheric profile
Yerg = —0.04W + 1.42 (5) retrieved by the radiosonde into the RTC. The
uncertainty assigned at each channel is: +2(CH1),

Vehp = —0.00W + 1.61 (6) +4(CH2), +3(CH3) and +2(CH4) mWfsr'cm. Lycep

is the simulated value of ‘L, obtained from
introducing the atmospheric profile retrieved by th

Yeh3 = ~0.09 + 1.7¢ @ NCEP database into the RTC. The uncertainty
assigned at each channel is: +2(CH1), +4(CH2),
Ycha = —0.03V + 1.4 (8) +3(CHB3) and +2(CH4) mWm-2sr-1cm.

A radiosonde was launched to get an atmosphefcl Radiative effect of the panel’s emissivity
profile concurrent to the radiance measurements Th
radiosonde provides values of pressure (in mbamhe results for faneishow that the panel presents a
atmospheric temperature (in K) and relative hurgiditnear Lambertian behavior, since the measured reglian
(in %). From that profile it was derived an W o8 % is almost constant with viewing angle. The increafse
0.2 cm, which allowed calculating the coefficientadiance at 45° and 60° is probably due to the
using Egs. (5) to (8), for the CE312-1 channele 4,t measurement of the reflected radiance coming from
yielding 1.38, 1.49, 1.61 and 1.40, respectivelyhe radiometer itself, known as Narcissus effect: F
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these angles the radiometer is placed closer to th@nel (l,..e) Or the value corrected for the panel
panel to assure that the field of view lies witlire emissivity (lLges) for a given value of surface
panel area. This means that for measuring the digightness temperature. This temperature difference
radiance with the panel, the most adequate viewidg=LSTy,-LSTco (difference between the
angles are those within 30° and 40°, to minimize themperature, if the panel’s emissivity is ignoradd
Narcissus effect and observe the largest paneta athe temperature, if this emissivity is considereu a
possible. It can be also observed in Figure 2tthee corrected), is shown in Figure 3, for the case of a
is a significant difference betweenyle and the surface whose brightness temperature is 303 Kand f
values provided by the other approaches considerdifferent values of surface emissivity. The diffece
(Lradior Lkonds Lrubio @nd Lycep)- This can be attributed increases when the surface emissivity decreases, an
to the contribution of the panel, since it is ngteafect for an emissivity of 0.9 temperature differences fo
reflector, its emissivity being different from O¢kbet channels 1 to 4 of: +0.4, +0.5, +0.5 and +0.4 K,
al. 1996). Thus, this effect must be corrected faespectively, can be seen. However, for surface
taking into account that the radiance measured owamissivities larger than 0.94, the effect of thagla
the panel is given by: emissivity is not significant. In any case, where th
emissivity effect is corrected, a better agreement
L panel = & panéﬁ('-TS) +(1-¢ paneI)LdeSC (9) between the mgasu_rements of _the panel and the other
approaches (diffusive approximation and use of
. o atmospheric profiles) is obtained, as can be okserv
where Taneiis the temperature of the panghneiis itS i Figure 2 in the angular interval between 0° 806l
emissivity for a given channel, andgl. is the Beyond 50° there is still a radiance increase edlab
hemispheric radl.ance. of the surroundings and t Narcissus effect as explained above. However,
atmosphere, which is actually what we want tgere is still a radiance difference that coulddbe to
measure. Inverting Eq. (9), this last term can kg, sources. One the one hand, the contributihef
calculated  obtaining the downwelling radiancgseq goniometer; in this case it would be needed to
corrected for the panel emissivity effect: use a material with a lower emissivity to minimize
radiative contribution. On the other hand, the panhe

Lpanel_‘gpaneB(T panel also accounting_ for the c_ontribution _of surrounding
Ldesc (10) elements (experimenters, instrumentation, etc.)chvh
1- £panel is not possible with the other methodologies, but

which in fact should be considered since this

To obtain the radiance in Eq. (10)4% must be contribution do affect ulterior LST measurements.
. arne

known to calculate Planck’s function, Bgle);
therefore it is necessary to have an independent

estimation of this temperature. A contact thermamet CONCLUSIONS
with a precision of +1 K, was used to take
measurements of the panel on five different poamts T
its surface and taking the average value. Tq
measurement error of panel temperature implies
error in Lgesc for channels 1 to 4 of the CE312-1 of
+0.12, + 0.14, #0.13 and #0.12 mWsricm,

(FIGURE.3)

he hemispheric downwelling radiance' k) in the
fiermal infrared is a parameter which has a big
ﬁﬂportance in field radiometry. Some different
methods exist to obtain ‘lgy. It is possible to
respectively, which correspond to an error in teohs determine the imradiance by two ways, the.fir.st bye
tem eraturé of 02 +02 103 and 403 Kmeans of direct measurements either pointing to the
pers T e - sky, in the so called diffusive approximation metho
respectively. or pointing to a diffuse panel with a high rrf;ﬂemgv
S value in the TIR. The second way to obtaipgdy is
(cor:fsifjhe‘erinegﬁietczookzeﬂ;eer(E))antﬁleree”i"ssixltgvésregig?l;eqntmducmg an atmospheric profile in a RTC obtagni
: N . the radiance by simulation procedures. In thisystad
of the downwelling radlanc? for the channelsltn‘.4 profile  obtained from a radiosonde launched
EZ‘ gsé;9i:ntc:];r69rrv;\évhrisrOc;ml,:i;isrzecztlv?lny, taesrn;;sanc ncurrently to the measurements in the interesé,zo
. . g 2 1d another provided by NCEP reanalyzes, were used.
atmospheric temperature this means differences o the present study it has been carried out a

::)1?1' ;ﬁoéﬁéﬁ]:t?\?;v%g Kt,oressépée;:rt]l(\e/eé)f/%ef;r gfh?.r:lnerlscomparison of these different methods already | us
) y anor 1o obtain Y4em, Since to date no evaluation has been

:jr;;er:rﬂzsil:l?e/rn?sf otfhfSTpggtea:inles d ftr%mczgcu(lfgfamth ade to determine which of them could be the most
we substitute, the measurement taken directly 1 suitable. Analyzing the results obtained from the
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comparison of the four different methods, the first
conclusion extracted is that the uncertaintiesllithe
techniques are very similar for the four spectral
channels of the radiometer. These uncertaintieg imar
an interval, in terms of hemispheric downwellin
radiance, from * 1.5 to +* 4 mWfer'cm, or
equivalently from 1.3 to £3.2 K in the atmospheric
radiative temperature. Although it is worth notithgit
the lowest uncertainty corresponds to the in situ

Reynolds, R., Jenne, R., and Joseph, D., 1995,
NCEP/NCAR 40 Year Reanalysis Project.
Bulletin of the American Meteorological Society
437-471.

gkondratyev, K.Y., 1969, Radiation in the Atmosphere

New York and London: Academic Press

Korb, A.R., Dybwad, P., Wadsworth W., and Salisbury

J.W., 1996, Portable Fourier transform infrared

measurements method. The comparison of the Spectroradiometer for field measurements of
different methods proposed here concludes that the radiance and emissivity. pplied Optics 35,

most suitable of them is the use of a diffuse otflece

1679-1692.

panel, since that method offers two key advantagegibio, E., Caselles V., and Badenas, C., 1997,

over the others. The first one is that the panal lma

Emissivity Measurements of Several Soils and

used under any atmospheric condition, including \Vegetation Types in the 8-14m Wave Band.
heterogeneous skies, which are problematic for the Remote Sensing of Environmesf, 490-521.

diffusive  approximation method. The second

advantage is that the panel takes into account the

radiative contribution of the surrounding elements
(trees, experimenters, instrumental, etc.), which
doesn’t occur either in the case of the simulation
methods or the diffusive approximation.
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Figure 1: Experimental assembly used to performatigular measurements over the diffuse reflectpaocel,
with the CE312-1, here called CE1, and the skyh aitother radiometer called CE2.
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Figure 2:Radiance measurements as a function aflibervation angle, using the goniometer setughfo#
channels of the CE312: Direct measurements fronpane! (ly.ne); measurements corrected for the
panel’'s emissivity (Les); Values of radiance calculated from the diffusipgroximation, eq.(3), from
radiance measurements of the sky at 543, and values of radiance calculated by eq.(4) from
radiance measurements of the sky at 03,4{d); simulated values obtained from NCEP profiles
(Lneep); and from radiosonde made at the same placeimedof the measurements, {k), introduced

eeeeeeeee Zenithal Angle degrees)

ina RTC.
0.50
oCh1 = Ch2
[]
0.40 OcCh3 ®Ch4
u]
]
R 0.30 2
< o
P<—1 .
0.20
N
.
0.10
]
0.00 »
0.9 0.93 0.96 0.99

Surface emissivity, €
Figure 3: Systematic error in the retrieved LSThira surface, whose brightness temperature is 30f3a,
neglect the effect of emissivity of the panel, depieg on the value of surface emissivity.
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