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DETERMINATION aAND ERROR ANALYSTS OF EMITTANCE AND SPECTRAL
EMITTANCE MEABURFMENTS BY REMUTY SENSING
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. Instituto de Pesquisas Espaciais (INPE)
Conselho Nacional de Desenvolvimento CientIfico e Tecnologico
(CNPq)
12.200 - 8. J, dos Campos, SP, Brasil

Abstract

A review of the emitt mee and speatval emittance of the
leaves, soils and plants is done. From the theory of " remote
sensing of surface temperatures'", .n equation of the upper
bound of the absolute error (lée}) of emittance determination
is done. It shows that |6e| decreases with an increase in
contact temperature whereas it increases with an increase in
envivenmental integrated radiant flux density respectively.
Change in emittance has a little influence on [§e|. A plot of
the difference between temperature and band radiance temper=-
ature vs. emittance is given for the following wavelength
intexvals: 4.5 to 5.5 ym, 8 to 13.5 ym and 10.2 to 12.5 um.
Techniques for determining least upper bound and highest lower
bound of the speetral emittance from calibrated spectroradi-
ometrie data without knowing the contuact temperature are given.

A part of this work was done at the Labovatory for Appli-
cations of Remote Sensing (LARS), Purdue University. W.
Lafayette, Indiana and sponsored by the National Aeronautics
and Space Administration under Grant No. 15-005-112.

#Research Scientist in the Space Computer Science Division.




OF POOR QUAL!r:r?
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Abstract

A review of the emitt ince and spectral emittance of the
leaves, soils and plants is done. From the theory of " remote
sensing of surface temperatures", n equation of the upper
bound of the absolute error (!8e|) of emittance determination
is done. It shows that |ée| decreases with an increase in
contact temperature whereag it increases with an increase in
environmental integrated radiant flux density respectively.
Change in emittance has a little influence on |8¢{. A plot of
the difference between temperature and band radiance temper=
ature vs., emittance is given for the following wavelength
intervals: 4.5 to 5.5 ym, 8 to 13.5 ym and 10.2 to 12.5 um.
Techniques for determining least upper bound and highest lower
bound of the spectral emittance from calibrated spectroradi-
ometric data without knowing the contact temperature aregiven.

A part of this work was done at the Laboratory for Appli-
cations of Remote Sensing (LARS), Purdue University. W.
Lafayette, Indiana and sponsored by the Naticnal Aeronautics
and Space Administration under CGrant No. 15-005-112,

*Research Scientist in the Space Computer Science Division.




bjects above absolute z liate energy by virtue

temperature and ¢ n I tures normally

by natural ob Ls 3 b Ll . irface,

radiation is almost en 1y y the ared wavelength

n from approximat

LS ES ; '
Planck's radiation law states th ‘ any given

temperature, T, and wavelength, A, the maximum possible

pectral radiance of radiation is the blackbody

spectral radiance at temperature, T, and wavelength,
11k .

r
No natural surface emits like a perfect blackbody due to
reflection of rays by the surface due to discontinuity in the
index of refraction. Therefore the spectral emittance or
spectral emissivity of a target is defined as the ratio of the
radiation emitted by the target to the radiation emitted by
the blackbody at the same temperature and wavelength. The band
i arget are defined similarly

i over a certain

emittance and emittance of a

except that the radiation is

wavelength interval ) to A { the entire wavelength regior
1 y

respectively, Thus, no instruments can yield a correct

estimate of surface temperature by remote sensing if the

I
integrate

emittance of the surface is not taken into account. Gates and
Fantrapornl (1952) have pointed that ac '
concerning the infrared refld
emittance of leaves in the 1.0 0 um ro 1 18 essential
for a detailed understanding of nergy exchange in the

biosphere. Accurate knowledge of inf emittance of

plants is required in many diverse ecological applications.
Most researchers recognized thi

apply the needed corrections, arguing that all plant surfaces

s problem but neglected to

have a longwave emittance of 0.95 or greater, most leaf
emittances being 0.97 to 0,98,

Montelth and Szeicz® (1962) and tl:l:-_-.-;i (1963) estimate
that assuming the emittance of the plant surfaces equal to
one may cause errors of at most 0.29C in the measurement of
their temperature. Tuchs and Tannerd (1966) show, frow a
simple calculation, that if the incident thermal radiation
from the sky and surroundings were 300 watts per square meter,
corresponding to an apparent sky temperature of =49 C, and if
the surface temperature were 259 C, a change of emittance from
0.95 to 0.98 would cause a measurement error of 2.20 C. For
many detailed investigations, such discrepancies are g
in}fﬂmuh]u. Kumar2 (1972) has done a thorough review of the

general area of "reflection and emission from plants".
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Emittance of Leaves

The emittance of a surface depends on its roughness as
15 its temperature, in general. Emittance of aAves given
o (1928), Cates?! (1964) and Gates e alt (1965)
from 0.95 to 0.98. Gubareff et. al,? 293,

! the emittance of the leaves to !} ' than 0.90.

1 ek nberg

L T RS S .
.'--r:,llr‘." LiY0D) I “h»!'tt.! the el ance o citrus
o be about 0,87, using the data of

e 1 y & F . .
Fantrapornt (1952). Gates and l.mll'.slmtn‘

reflectance of upper and lower surfaces of leaves of deciduous

measured the

trees and herbaccous plants at 3.5, 7.5, 15 and 25 um, at an
angle of incidence of 20” and 65°, The ianfrared radiant source
was Globar whose radiation was reflected I leat

surf. at the desived angle by means of sph ral frunt-

surf mirrors and then focussed upon the e alit of
the infrared spectrometer, It can be scen from tl ir data the
‘eflectance of most leaves in sy infran wavelength region

y
YO VORA

vm lies between 0 and and its val aries from

caves of one plant to anotherx

Fuchs and Tanner® (1966) found the cmittance of siugle
1

leaves of snap beans and tobacco to be 0.96 and 0.97,

respes tively, T:ll'}' overed the tempevature=control 1ol ll\niil'l‘..
f 1 - "oy . i g
surface by the base of a "skewed" aluminum 1 highly

;h‘lg"‘.t d !"'jl‘;'liﬂ'_ surtace., e i wWils ‘.\l.lt'll! at '.?'- 1‘..!.!.‘

of the cone, and the apex of the cone was cut to fit the
entrance pupil of the infrared thermometer, so that the leaf
behaves like a blackbody., Idso et. al,ll (1969) described a
method for deterwining the infrared emittance of individual
plant lcaves which is relatively simpler than Fuchs and Tanner
(F - T) method. Measurements on a wide variety of plant
surfaces by this method indicated that significant differences
of emittance exist among the various species., The emittance
values ranged from about 0.94 to 0.995. They pointed out that
the values of emittance, determined by infrared thermometers
of different spectral sensitivity, are not uniquely related,
thereby emphasizing the importance of emittance measurements,
The emittance of a single leaf is not representative of
the emittance of a plant canopy because of the multiple
internal reflections resulting from the plant geometry;
therefore, the emittance of a plant canopy has to be determined
:.l":'.l:..'.-.']\"'. For determining the emittance of a plant canopy,
one has to define a meaningful temperature of a plant. For

)
example, the temperature of a ant canopy can be defined as
i leaves, It is extremely

the average of the tempervature of
difficult to measure the temperature of the plant surfaces in




EMLITTANCE AND SPECTRAL EMITTANCE

the field conditions because the surface temperature varies
quite .’.l]lidl:,', especially when the wind is blowing. Fuchs and
Tanner™ determined the radiation emitted by the vegetal
surface, Then, they covered the vegetal surface with a
bottomless, hemispherical "pop tent" covered on the inside with
aluminum foil so_that vegetal surface behaves approximately
like a lxluvkbo'l:;l‘l. They determined the emittance as the ratio
of radiant flux density emitted by a vegetal surface to the
radiant flux density emitted by it, when it is covered witl
the pop tent. Covering the vegetal surface by the tent changes
its energy “alance and thus its surface temperature. During
daytime, the tent cuts off the solar radiation and sky
radiation, It affects the convective heat exchange snd may
also modify the transpiration pattern. They found the
emittance of dense canopies of alfalfa and sudangrass to be
between 0.97 and 0,98 on clear, calm nights when surface
temperatures are more steady. The author believes that the
emittance of a wide variety of leaves has not been measured
carefully, in the natural environment in which the plantcs
grow. The effect of orientation, temperature, moisture
content, plant diseases, nutrient deficiency, ete., on the
emittance of the leaves should be studied.

Emittance of Soils

With the advent of radiation data now available from the
infrared measurements made by the satellite, there is an
increasing need to know accurately the values of terrestrial
surface emittance in order to interpret the datal3, Most of
the investigators (for example, Wark et. al. “‘) have assumed
black ecarth in interpreting data of the satellite. Buettner
et. al,l3 (1964) have pointed out that the cother data and
literature are quite conflicting and confusing. For example,
Falckenberg® (1928) shows that sand of the Balti¢ has an
emittance of 0.89 at 300° K. While Kruse l't..’il.l) (1962) give
a value for "terrain of 0.35 (it is not clear here whether
this is the emittance of the whole spectrum or just a portion
of it, but presumably the entire spectrum). Barnesl® (1963)
lists values of emittance of 0.28 to 0.44 for gravel, plowed
field, and granite. Falckenberg® (1928) also lists the value
for snow emittance as 0.995, while Millerl/ (1963) lists the
window value (water vapor window) as 0.35.

13

also reported that infrared signals
received in the 8 to 12 um water vapor window by weather
satellites and aircraft are dependent on surface temperature,
surface emittance and atmospheric interference. Nowhere can
variations of surface emittance be neglected in order to

Buettner et. al.




ind
ferred

data. They gay e 210 interpretations of the TIROS
satellite d ¢ witl he values o mitt letermined

Lmitt mite,

» wWater,

missivity box (Buettner and Kern (B - K)

xposed to a highly 1 ting enclosed  surface. The soi
o ""i“”“"{ to phly -‘:ii[li'i‘\" surface., The emittance of

hodf9), the radiosity he soil is first measured when it
1

soils is determined as the ratio of the two nmeasurements.

ause of the laree size of the B - K apy iratus ,this method

I almost exclusively for determining infr: mittance
s01 18 and rocks., Un the wther ha the

¥ [/

presented by Fuchs and Tannerd (F - 1

B

L ..I\'l:n.‘.:] i..‘ "‘El
adapted to this use and, in addition, is suitable

for
measuring the infrared emittance of plant leaves, but it
requires that the base of the cone needed to create the black-
body cavity should be larger than the individual lecaves of
nost plants. Fuchs and Tanner!8 (1968) recommended that

aluminum cones with apex angles of 1200 larger, or shallow

cylindrical cavities which have smaller apparent emigsivities,
be used to improve accuracy of the measurcnents, ldsoet. a1, 1l
(1969) proposed a method for determining emittance of plants
and soils which overcomes the dimensional limitations of the

of Fuchs and Tanner as well as Buettner and Kern and

results in good agreement to both of them,

Hovis, Jr.1? (1966) has given spectral reflectance of
some¢ common minerals like carbonates, sulfates, nitrates,
salt, silica, etc. from 0.5 to 6 ym. He pointed out that the
infrared reflectance spectra of these mincrals exhibit
spectral absorption band patterns that can be detected in

reflection from surface minerals,

|i;"\.’§'-| % 5 .'!U (l‘i""\ made the spectral reflectance

measurements in the 0.5 to 22 ym, from a

including some beach sands and some com

caleium l'.'l'i'\\'ll.‘.'i'.', calcium sulfate ol '

sodium carbonate, and sodium nitrate. He
measurements are restricted to the windows

of earth, the 10 ym pm interval scor

choice for radiometry sin. in this interv:

rmly black. 1 166) f
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Gates22 (196
must regulate tiw
mum physiological
three mechanisms: radiati transpiration
question arises: does leaf adjust its «
'.t':'\‘lu'.‘ 1ts teumperature: I'he l"."ilt‘l!h't'

changed by changing its surface geometry and/

i
i

tion A change 1n environment: condit ion
1

leaf woisture content, which in turn changes its surf
peometry, The author believes, yet to be conf irmed by exper i-
g, that it is unlikely that a1 adjusts its surface
wtry in order to regulate its emittance and hence temper-
¢, because it is much casier for a leaf to change its
mtation in order to adjust its heat load and hence tewper-
¢. For example, on a hot sunny day, it can change its
ientation with respect to direct sunlight to reduce colar
wWiation absorbed by it.

Conaway and Van Bavel23 (1966) reported that their radi
’ I
metrically determined temperatures of the plant canopy could
v 1 t L}
be explained by postulating a widely varying emittance of the
:

lant canopy. They said that the : lity of widely varyiny

emittance of the pilant canopy exXi1sis S10C¢ many changes occul
in a plant canopy, as factors such as wi gpeed, solar radia
tion and water availability vary, but no attempt was made to

tudy these.

Fuchs and Tanmerd (1966)
remote sensing of surface ten
meter, a part of whae 18 summarized
following assumptions for remote sensing
1.) Cray emittance in ravelength range
radiometer (i.e., 8 um to 20 um) or

el(x) (8 um < 20 pm)

independent of temperature
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full radiato
’-‘h‘ !.ltfil'..:l'lt'!.
ter interprets the contact perature, T,
radiator surfa temperature Ty = 1, then
s0, i the integrated full 1 01 mperature of
the undings (Tg) is equal to 1 ! irface temper=
ature (T then Tg = T. If the s ace has m ittance sub-
stantially less than unity, and ' :
cold sky, the full radiator surface tem as measured
with the IR radiometer may be quite diff rom the contact
temperature, Hence, there 18 a need f« ining emittance
and cavironment integrated full radiat ature, T,

accurately. Equation (6) can be writ

by

o + (1

¥

Fuchs and Tanner assumed that r% is a constant (i.e.,
v - " . b . .
ndependent of tewperature T), which " in turn assumes that £(T)
1s constant. f(T) = constant is a good ap timation for small

iations of T. Equation (7) can be 1 an to give

Fq and T are exper imentally measured values and contain
rement error. Let ¢l and &T be the measurcment errors in

ikl-,‘x'-‘[i\'t‘!‘.’. Ll k\q\ can be rewritten as

where

error in the determination of




should be pninflJ out that when
. . X : : ol i3
radiant flux density, F 1T, the radiant
' L

from the target is equal to ol (blackbody

irrespective of the emittance of the target. Thus,

¥
7

5

ter cannot be used to measure the emitta the
in this particular case,.

Using Eq. (12), el is plotted against Fg with the
ik 3 Rl SR
paramcters €, t, {(oT] and “x it Figs. 1

from Figs. 1 to 4 that the upper bound of 6| (abso ¢ exror

I'hus, for accurate determination of

in the determination of emittance) increases with the increase
i

A
in Fg. emittance of the

plant surfaces in the field, the experiment should be conduct

¢d when the sky 18 atively clear to have a small value ol

tance 5

and hence small 1 shows that emit
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the target, say a leaf, has a very little influence on |sel.
Fig. 2 shows that :":l decreases with an increase in l'rl‘pull'--
ature. Figs. 3 and 4 show, as
emperature = 250(_‘. expected, that increasing the
T = Max. Ervor in Temp. error in temperature measurements
Meas. = 0,1°C and radiometric measurements, re-
Emittance spectively, results in an increase
in error in emittance determina-
L i\‘[lc

T
8

As pn;nt('d out earlier, the
previous investigators have as=
sumed the emittance of the natural
targets = 1 for the interpretation
of multispectral scanner data in

TS A . the thermal channel, Neglecting the
posmmnediong Lottt radiant flux density reflected
1 !Grlasa function from a target, Fig. 5 shows the
of l-'?._; with ¢ as difference between temperature of
a Parameter the target and the band radiance
temperature (i.e., tem -rature
SRy = of{(T+0.5)" - 14) ‘
Emittance ¢ = 0.95
§T = 0.1°C

) oo
:

v
Jo
I.

R vt N s Mot

2 i it ‘.; - n..i- Faa -a
|6c| as a function SRR’ e ) ‘
of 1"::-' with t as a Fig., 3 |6e| as a function of z?_"_
|

* | g+
Parameter with |&T] as a Parameter

found by assuming the target to be a Dblackbody) versus
emittance for the thermal channels which have been used
in multispectral scanners of Environmental Research In-
stitute of Michigan, formerly called Willow Run Laboratory,
University of Michigan (4.5 to 5.5 ym, 8 to 13.5 ym and 9.3
to 11.7 ym), and Skylab (10.2 to 12.5 ym), Fig. 5 shows that
for a given value of the emittance, the difference between
temperature and band radiance temperature is least in the 4.5




Measurouent

T i‘ meter

((T + 0.1)*

as a Function of
' a5 1 | £ | .
sf’ with l'“l?' as

Farameter

l.ln.' "'.r)
LT
theliy et

to
itt

Atmosphere is less transparent in the 4.5 to 5.5

um in thermal channel as compared to in other ther-
mal channels shown in Fig. 5.

The radiance of a natural target in the temper=-

LIS

. s e Al
ature range Q9 C to 507 € (temperature ranpe

erally encountered in the natural targets) is
siderably smaller in the 4.5 to 5.5 ym thermal
channel as ('n;‘..pi:'x‘d to ts radiance 1 her ther-
B 9. Thus gnal tonoise
ratio in the thermal channel 4.5 ex=
pected to be lower than in other thermal channels

shown in Fig. 5.

mal channels shown in Fi




mment effects
iological activity

1e temperatur

(A) : ctral Radiance Teuy ALUr ind Av

If the temperature of natural target i tant

over the whole target, its meaningful temperatu can be de-
fined as the average temperature of the target over its entire
area, It was shown by Kumar and Silvalb that, for a target
having a non uniform temperature distribution and emittance =1,
the difference between the spectral radiance temperature of a
target, as measured by the spectroradiometer, and its
temperature is rather small and within the accuracy of the

spectroradiometer.,

average

L
i
i
(

Emittance and Temperature Determination

Let a spectroradiometer whose radiance and wavelength
scales have been calibrated, record the spectral radiance
coming from the natural target—at wavelengths Ay, Ay ... Ay
Let the target be opaque (i.e., transmission = 0) in the wave-
length region Ay to Ax. Throughout this section, i will ¢ to

integers 1, 2, ... N; j and 11 refer to integers lying be-

tween 1 and N. The basic assumption made in this analysis *s

that the reflected radiation from the target is negligible

compared to the radiation emitted from it. If the sky isclear,
"

this is true for the most natural targets for waveleng

& h lon-
&

ger than approximately 4.0 um Heplecting interference by

atmosphere and using Planck's Law,

he

T " e - ——eee (13
is(ki) X . (13)

spectral radiance temperature at \.'.\'.-Ivn;.:Lh‘i

GE 18
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.“'-‘ll'-ll radianc 'a 1on emitted by the
target at wavi

be pointed out

ure T, at the wavelengths ) 5 eee

equal because of the expe 1 8 involve
this Section, the word "temperature" of a natural

be used to mean temperature, T, defined by eq. (14)

Ihere are N equations i1 ) and N unknowns,

which can be determined.

:_\ ll\"iis‘(\i), - L
Asy &

" (X.)) = blackbody spectral radiance
5 1 y ;

A. and temperature T
i 8

spectral emittance

length A
i
) and (15), one obtains

if and only if

! ions in eq. (15)
+s Nand T. Therefore, E
e., the temperature,

.
without any knowledge

I'he variables of eq. (15) are plotted
Figs. 6 to 11. Although the wavelength rai
is taken to be 0.5 to 14 ym fur illustrativ
concerned only with the wavelength range aboul 1
liii." L‘l'L'L!.-',il'l. !li;".ll'(‘.‘. 6 and 7 show that the difference be

ween the teuwperature, T, and spectral radiance temperature,
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“

Difference Between ) T 1 Be t ween
perature and Snec t voand Sped
tral Radiance LR ance Temper
‘Lure v Wavelen ] 8 Wavelength
1 1

T.(), increases almost linearly as the wa ength increases

for a given value of spectral emittance. Fi 1 shows that
. ; - .
T = Tg (A)j/A vs. wavelength is almost a constant for a
given value of spectral emittance of about 0.8 to 1. To find
" . .

a pood approximation of T, one minimizes [T - T. (A over the

1

wavelength range of the spectroradiometer. If the target were
a gray body i.e., spectral ¢ ittance is independent of wave-
length), min [T - j 8 (M7 will be found at the shortest wave-

length of the wavelengrh range of the spectroradiometer - Ai,.
In actual practice, however, the natural targec may not be a
18 ?‘J. 20. There-

gray ‘:.\.Alj.'J in the wavelength range 4 to 14 un
i

y p o T s Sy Y . i 3 :
fore, in general, min |T = T_ (A)] can lie anywhere between M
-

g & . - .
nd ‘N depending on spectral emittance and spectral radiance
temperature of the tarpet. Figures 8 and 9 show respectively
th: the accuracy of the « xper imental '._\' determined spect ral

)
i 1
emittance of a target using a spectrovadiometer increases with

Fig. 8 Spectral Eu ance i spectral Emittance
vs. Wavelength 5. Wavelength
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increasing wavelengths; and the accuracy is weakly dependent
upon the temperature of the target. As pointed out ecarlier,

eq. (15) cannot be solved in general. However, the solutions
of some of the special cases of eq., ) are discuss

follows.

(a) If the target is a blackbody at

N, one gets
(17)

The spectral emittance at some wavelength A3 is a known
function of the spectral emittance at some other wave-
length X, ; L1244

K

"

t l\j) = f | (‘\k):‘ (18)

i
.

Fquations (15)and (18) have (N+1) equat ions and (N+1) unknowns
~=- € {(A3), L. =1, 2. +o. N and T. Thug, the unknowns can be

\‘.ill“ll.lil.'l] "

e

It should be pointed out that if T, (A) = T = constant
(i.e., independent of wavelength), it does not imply that the
target is necessarily a blackbody, for its spectral emittance,

¢ (A), could be given by

he/ T  IAKT! _
AR s 1 L (19)

In actual practice, however, it is very unlikely that the
tral emittance of a natural target is given by eq. (19).
tual practice, if T (A) = constant * e, in the wave-
- length range about 7 to 14 um,

Py

. . . .

- g e ey

" = o {
10 Spectral Emittance ‘

vs, wavelength
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one could say that the tarvget is probably almost a blackbody
with spectral emittance greater than approximately 0.98; where
e = average of absolute value of the errvor fuvolved in detemi-
nation of Ty (1) (Figure 7). A typical value of e is 0.5° C.

(¢) Let the upper and/or lower bounds on the spectral emittance
of the target be known in sowe known wavelength intervals
A: € A < Ak, These bowds may be dets riined {rom the
available data of spectral emittance in the literature
and/or researcher's ocwn experience and knowledge,

(i) Upper Bounds

min. € (Ai) S Wy, wax. ¢ (Ri) < m, (20)
Let
max., T (A,) = T, (found {rom spectroradiometric
L : data) (21)
or max. T (X,) =T (known value)
5 i 1 |
T 2T, (eq. (16)) (22)

1

Let { )} denote the assumed value. Assume {Th= Ty. Determine
values of {e (A\.)husing eq. 15 and check if min, e(Ri)< m . 1f
'nut.thon \nntlnﬁv taking (T, nl Ty + AT, (T}, = Tp + FAT o os
until at some (l} = To,min. e (Ae) = my “1lh1n‘i:111n1ncthu-uu
suitable a;uurﬂ(y. Here AT is some suitable increment in tewm=
perature. For example, one can take AT as the average of ab-
solute error invelved in the determination of spectral ra-
diance temperature by spectroradiometer. Similarly, one can
gcturmine 'l‘3 corresponding to the condition max, ¢ (Ai) = m,.

Let ]

| - i ;
X = T | (2

1 max, [ T, Tyo Ty} Ty, o 23)

where |

| | i

i = 1 o} ' 3 f 9 CHneT »

; Th.l.b. high lower buun? of the temperature T

If any other lower bound on T is known, it should alse be in-
cluded in eq. (23) to determine T

BB
(x; 1))
l‘xi.h e
(i) e e (24)
b, Ly pen b i v




. ) low upper bound

l.u.ls, o 5
i

{ l‘.\ 1 owoer B 1||.1|.i"»

- % . 54 1] .
e same procedure used in "Upper 1 dan be followed

and ¢ (".i)h 1.1 from 1t own lower

to determine Ty u.b

bounds on spectral emittance.

Let the h'-'t\.'t‘]x'll;‘:}l.'- at which min.

f h ] 3
{e(),) }, max. {-‘\-.\‘ } and
3 i R S5 T
imized/maximized over the wavelength . oceur b
and ) ,, respectively. Ther s : & lies be-
e d ;

ind max. {- (\:)} lies be ween X and .‘.l re-

tween N and .'“
1 { A L

4]

spectively, If T &‘\i
i k N, it implies that min. ¢ {"i\ and max c(d,) would
_ : :

~|‘:(L)fll]l_\]_“,\lll 1>j3 >N,

occur at wavelengths A = ) . and X = X , respectively.
a b ¢ d :

he author emphasizes that for most  of the plant cano-
with good ground cover (say, ground cover » 0.70), one

ake Ty 1.1, as the approximation to the temperature, T,

¢ the :-'t'c‘l'l!'.l.l

e !‘].nl\l defined by Eq. (]-"#) becaus
of most ]‘1":“'1 \'-!lh‘]‘il ; with pood ground cover

hetween about 0.95 and 1.00 in 7 to 14 um wavelength
If no more information on the spectral o

target is available other than upper ind/or

its spectral emittance which have been used

T™h.1.b, and T1, u,b, respectively, one can t

|

(Th.1.p. * Tloulb.)/2.

One practical way of determining the temperature of a
natural target - gay a plant canopy is to take spectrovadi-
ometric data on the plant canopy at two different times when
the sky is clear (cloud free) so that the ‘ted radiation
from the target is 11\‘:'|.i-('_:il‘lv as compared to the radiation
emitted by it. These times should be sclected close cenough so
that the geometry (orientation of the leaves, stems, ete. per-
cent ground cover) of the plant canopy can be assumed to be
practically the same at both times. Wind should be steady at
both of these times so that the wind does not change the
geometry of the pl.lnl . Also, these two imes should
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be osueh that the teaperature o the plant ol oue thee ds
likely to be sipgniticantly at least 22 0) ditiereat from its
tenperature st the other time, This caa be approsiaately
checkaed by making a few measurcients of contoet teoperature of
the leaves diveectly visibhte from the :-ln'\'!l't‘l.unnmwlv!‘ hy
thoroistor, Now, an .'uh;p;ﬂp{fun can be aade rhat the casittones
of the plant canopy 1s equal at both of these times sinee its
poveelry 1s practically the same ar both tiwes, This cives one
additional squation (eq. (18)) and hoenee tewperatuwe, 1, of
the pliant canopy can he Jdetermined, However, if the temporatare
of the plant canopy at one tine is cloze to Its tomperature at
another time within the experimental aceuvaey, then the spee=
tral radiance of the plant canopy recurnded by spectroradionter
will be equal at two tiwes within oxperisental acouracy, .o,
two cquations of vq. {15) are the same within experisoental
aecuraey, So, there ave only N oindepondent cquations in (18)
and N1 upknowns ~~ c(AL),3i= 1, 2, ... N, ol T, Temperature,
T, cannet bhe doterminedwithont any knowledpe of the spectyal
cmittance of the tarpet. ' '

The same procedure can be folloved to determine the tess
perature of a plant canopy by taking spectroradionetric Jata
on two plant canepics of the sane crop, maturity, peosotry
lovientation of leaves, stews, etel)d soil backpround, percent
pround cover ete. These plant vanopics can be assuned to have
equal spectral emittance i the wavelength ranpe ol the spoe-
‘Lrovadioweter, Thus if their temperatures are different, one
‘can determine theiv emittance and remporature,
| . \
! To ereate an illustration,: previocuslty acquived calibrated’
data of the Exotech Medel 20 O spectrorvadivmeter in the vave-
gungpy vange 2.8 te 5.6 ym oon Russell 8ilt Loam Soil werceavaeil-
ahlozﬂ, Maximum villue of spoctral vadiance temperature frow _
'this data was found ta be 420 ¢ at 3.04 pm (ey. (21)). So, the
contact temperature of the seil should be at last 429 ¢ {eq.:
1(22)). Assuming contact temperature of the soil to be 429 ¢, |
His spectral emittanee war ealeulated aveiding the wavelength
region close to the 4.3 pw CO, band and is shown in Table 1.
Qbviously spectral emittance dt° 3,64 m = 1. Note that Table I
‘mives the upper bound of the spectral emittauce. '

1 H

] - . N .

i Table 1 Upper Bound of Speetrval Fmittance
4

‘wavclvngth in um 3.4 3,0 3.8 G0 4.8 5.0

Upper Bound of
Spectral
Tmittance 0.82 0.81 071 0,72 .74
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