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R =LE+H+G,

The primary objective of our study was to
estimate net radiation and soil heat flux using
ground-based meteorological data and remotely
sensed multispectral data acquired from an air-
plane at 150 m over irrigated agricultural fields.
The estimates provide a means to evaluate the
available energy of the surface (R, —G), which
can be partitioned to latent and sensible heat
under nonadvective conditions. The remote esti-
mates of G and R, along flight lines in five fields
were compared to point measurements of G and
R, from nine ground-based stations.



Evaluation of Radiation Terms

The net radiation equation [Eq. (2)] can be rewrit-
ten in the form

R =R,—R,, +e, 0T} —eoT’, (3)

where ¢, is the effective emissivity for a cloudless
sky, o is the Stefan—Boltzman constant, T, is the
air temperature (°K), e, is surface emissivity, and
T, is the surface temperature (°K).




Agricultural field transects
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Figure 1. Values of the normalized difference vegetative in-
dex (NDVI) along transects throngh five fields. The multi-
spectral data were acquired from an aireraft at 150 m by a
radiometer with SPOT flters. The two transects along the
center of each field were flown in opposite directions with
mean times of data acquisition that coincided within 8 min of
the SPOT satellite overpass on 11 June 1988, (- - =) Alfalfa 21,
{— ) Cotton 25; (---) Cotton 29; (- — =) Seil 32, smooth; (- )
Soil 27, rough.
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Figure 2. Relationship of total dry phytomass and normal-

ized difterence vegetative index (NDVI), The mean time of

the aircraft overflight was 1141 and 1111 MST on 11 { &) and
12 (&) June 1988, respectively.
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Figure 3 Values of remote net radiation {Brest-Goward +
Satterlund formula) along transects through five ficlds on 11
June 1988, The triangles represent net radiation measured by
ground stations in each field. Bottom: (—- -} Alfalfa 21; (—)
Cotton 29; (—— =) Sail 27, rough; (---) Soil 32, smooth



Method for Calculating Soil Heat Flux

Soil heat flux (G) at the surface was estimated by
a combination of soil calorimetry and measure-
ment of the heat flux density at the depth given in
Table 1 using heat flow plates {Fuchs and Tanner,
1966). Kustas and Daughtry (1990) describe in

detail the procedures and corrections used to cal-
culate soil heat Hux for this experiment. Briefly,

the changes in heat storage of the soil layer above
the plate is added to the values measured by the

soil heat flux plate. The volumetric heat capacity,
stimated et £ vol fncti >

mineral soil, organic matter, and water (deVries,

1963), was assumed to be constant for the storage l G

layer. Mean temperature of the soil layer above Storage

the soil heat flow plates was measured with ther-
mocouples inserted into the soil between the heat Flux
flow plates and the soil surface (Table 1). Soil heat
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Figure 3 Values of remote net radiation (Brest-Goward +
Satterlund formulal along transects through five ficlds on 11
June 1888, The triangles represent net radiation measured by
ground stations in each field. Bottom: (—- =) Alfalfa 21, (—)
Cotton 28; (— - -} Seil 27, rough; (---) Soil 32, smooth
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Figure 5. Values of remote soil heat Aux ([C = (0.325 - 0.208

NDVIIR ). Kustas and Danghtre, 19900 along transects

through Ave felds on 11 June 1985: (&) soil heat Mux

measured by ground stations in each field. Top: (—) Cotton

28 (- — =) Cotton 29, Bottorm (=- =) Alfalfa 21 (— — =) Soil 27,
rough; (—) Soil 32, smaooth.
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Soil Heat Flux

Remote soil heat Hux (remote G) was caleulated as
a function of remote R and the spectral vegeta-
tion indices using the following equations pro-
posed by Clothier et al. (1956);

G=(0295—001331RRED)R,,  (9)
and Kustas and Daughtry (1990),

G =(0294-0.0164IRRED)R, (10}

G =(0325—0.208NDVI)R, (11)

where TRRED is the ratio of B3 and B2 re-
Hectance factors and NDWVI is the difference in

reHectance factors between B3 and B2 divided by
their sum. Tables 7 and 8 summarize the mean

Table 8. Mean Errors (), Mean Absolute Errors {|e), and
Standard Deviations of Absolute Errors {5”|n ) for Remote G
Minuns Measured €& Data are Means of Eight Stations and
Four OverHlights on 11-12 June 1988 (n = 31, station 7 i

missing for one Hight on 11 June)®

Model® e e le]
W m
Eustas (MDY =312 19.7 17.5
Kustus {IKRED) —28 21.H 177
Clothicr (IRREID 8y 32 14.7
IR, =862 Hi5.2 ALA
2R - 24.3 73 216
(%)
Kustas (NDVIL) 22 133 114
Kustas ([AREDN) - 1.5 14.7 1210
Clothier (IRREDD) 54 15.7 133
. 58.2 58.2 22.7
hER 16.4 25.2 154

:"r{n'an measured & = 148 W /m®.
"Methods of estimating soil heat Huxe Kustas = Kustas and
”ﬂ“-,h‘.hl‘r!-' (194901 Clothier = Clathier «1 al. “l_-'.IHFi:I.
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Conclusions

. Ground heat flux scales with Rn
. G ranges from 5 to 50% of Rn
. Rn and G can be determined

from space

. The ratio G/Rn decreases with

NDVI as vegetation screens the
soil from the direct solar beam

G =(0.325—0.208NDVI)R,
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Figure 6. Values of measured available energy (B — @) ver-
sus values of remote available energy (remote H_ — remote
2} for mine stations (Table 12 on 11 (a)and 12 (&) June
I49E5.
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Fig 3. Soil heat flww/net radiation data for a varnety of surface types and soil cover as derived from Clothier et al. (1985), Choudbury (1989),
Kustas and Davghtry (1990) and Van Oevelen (1993) to describe extinction effects by means of NDVL
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