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d
Some results of microwave measurements during the INTERCOSMOS g
complex experiments GEOEX, TELEGEO and CARIBE .
) S
1. Introduction 4
W
The main goals of the INTERCOSMOS complex experiments in the years .
1984 - 1988 were the acquisition of spectral object signatures 4
from different altitudes for vegetation covered surfaces and .
Sells. 0
We used the radiometer facilities of the Central Institute for >
Physics of the Earth CEEPRS Ef o 1) which can either be operated 45
by our mobile ground measuring complex or by aircraft missions i
(plane, helicopter) in low altitudes. An x-band microwave radio-
meter designed and manufactured by the Technical Highschool Ilme- -
nau (GDR) was integrated in the radiometer complex in 1886 « This =
radiometer measures the microwave radiation emitted by the objects 4
at a frequency of 10,4 GHz and a half width of 500 MHz.  The angle ’
of aperture is about 15c. :
For airborne and field missions the microwave radiometer has been :
installed in such a way to enable simultanous recording with the ?
spectrometers operating in the VIS, NIR, SWIR and TIR part of the i
electromagnetic spectrum. £
Some results of the investigations conducted will be presented =
below. g
T
2. Experiment GEQEX .
b:
The experiment GEOEX was carried out on the territory of the GDR t]
in July 1888. The radiometer complex was used on an agricultural Tt
test site (size about 2 x 5 km2) north east of Potsdam CExg. 2> 1-
The area is typical with its landscape features for the internal i
towland of the GDR. In the southern part of the area, crossed by T
the Havel:schanmel; the groundwater is elevated up to near the "
surface 1level. Marshy soils in the center are typical, on the &1
border, however, where fluvial sands are conserved by the

glaciofluvial valleys, humus gleys could be found. In the northern
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direction there is a ground moraine plateau with local diapirs of
sand at domes. Here loamy underlaid sands are encountered that
are partly slack or ground water influenced and have a different
top sand layer thickness (fig. 3). The usable water capacity of the
soil up to 1m under field is at most 180 mh. ‘because’ of the
strongly changing thickness of sand the soil moisture regime as a
whole is a decisive yield factor. The considerable heterogenity of
the 'soil features 1in the test area is expected 'te HSive g
remarkable time-spatial differentiation in vield formation of the
agriecultural crops.

On two days during the experiment airborne radiometer missions
with six lines per flight were conducted. During the period of the
measuring dates there was dry weather, the moisture of the upper
so1l’ “*layers measured at a totsl of 32 ground ‘control. points
decregsed? Yot WA TG ok @ e 3). At noon the temperature of the
Upper Soll "witich on ~ the tTirst date wia still a4t ' 25°C oh tha
average had increased to about 30°C on the second date. The
vegetation too  Tfaced 'shortage of water, the plant moisture
decreoased ™ off "Rl ] gort the temperature of the leaf surfaces
increased from '17¢C to '23°C on the average. In part however these
changes can also be deduced by the process of beginning
senescence.

In the measurement profile the Havel channel was first stressed
significantly with brightness temperatures of 180 K. Important
vegetation areas were a small forest, a field of sugar beets as
well as rows of trees along the road and field path. Corn  and
grassland for the given microwave band is opaque, so a differen-
tiation of soil moisture over these fields was not expected. The
microwave signal, however, shows a different increase of the
brightness temperature during the time of both dates indicating
the decrease of moisture on major parts of the test sites
investigated (fig3). Areal extrapolation made from the fliight
lines showed only some areas near the channel with a exceptional
behaviour.

The decrease of the brightnes temperature indicating an 1increase
of moisture for plot 570 (sugar beets) can be explained by the

stepping plant growth considering the sugar beet plant structure
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with relatively large and mainly in the horizontal direction bs
orientated leaves. Previous investigations on sugar beet leaves oY
showed an emissivity value of & - 0.86 at X = 3 cn . . Henos they tH
turned out to be clearly discernable from soil. The lower value of ir
: the microwave signal on the second date can therefore be explained tt
by an increase of plant cover degree because of the plant growth. dj
BESEd On tHE emissivity values which were ebtained in the
preinvestigations on sugar beet leaves and sodl Bsiwyell. ae the 4.
field measurements of temperature and mogilsture for plants atd ‘soil :
during the airborne missions the plant cover degree takes the In
estimated values shown in fig.4 which coincides well with the of
terrestrial estimations. tt
ab
3. Experiment TELEGEOQ in
17
The experiment TELEGEO took place on two test sites in B0 Fandt= S ts
1987. The radiometer complex including the microwave radiometer e
was uSed’ On' the “test'site Narev in"th8' sast ‘S6f ~'PoTafid nees on
Blelyston fPom tHe" 15°'5 “to" tha ' 3015, 1887« ou
The scientific program of the complex experiment was aimed at de
investigating the impact of drainage measures over the last 20 co
years: " 4n‘'af territory comparable t6 the Havel depression area near Wi
Potsdam. Of special interest in interpretating the microwave DT
radiometer data was the profile section of the Narev f beod plain me
which 1is used as grass land. Because of the river nearness a in
remarkable changing water influence could be expected. In addition in
to the CIPE radiometer complex a soviet microwave radiometer with by
a wavelength of A = 30 cm could be used in the experiment. This In
supported the conclusions about the wavelength dependency of the to
vegetation influence, fe: tor cOrn @ fields angd pacture this dr
influence was significantly lower at the greater wavelength. The S5
same tendency 1is also valid for the profile sections shown as co
example. While the vital grassland vegetation masks the soil ch
almost entirely in case of the 3 cm radiometer the higher moisture mi
content sin:hthelidepression-andiwith decreasing distance to the to
river 1is clearly deductable for the 30 cm microwave signal (fig vi

B Trees while not being unambigously identified in the 30 cm
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band can be detected in the 3 cm band because of the size and
orientation of the leaves. For the 3 cm band a classification of
the profile across the lowland meadows to the river results only
in open watering places (where free water was already observed on
the meadow) whereas for the 30 cm band parts of the meadow with

different moisture content can be recognized (fig. 6).
4. Experiment CARIBE

In April 1888 the experiment CARIBE was conducted in the republic
of . Cuba, Venue of the experiment was a test site near Bayamo in
the eastern partiof Cuba. Thepe rice is cultivated on an area of
about 140 ha. Special interest deserved the microwave data for
investigating «the -£looded rice fields. . The iarea was diwvided: into
12 slamgespicer tables (subfiields) with the phice an ‘the northern six
tables aged one month and the southern six tables aged about two
months. The top water level differed from 5 ecm to 10 cm depending
on the micro relief of the plates. First measurements were carried
eut tfrem a height of abeut 10 m at locations with different plant
densities. These differences are characteristic for sown rice and
could be expected to be higher for rice aged one month compared
Wwith riece aged ftwo menths. A  definate . relatienship ‘to the
projective plant cover degree was detected by the microwave
measurements CELEL Ta) As the differences of the cover degree
influence other vegetation indicators too, e.g. the vegetation
index or the feature of curvature VM 2 which has been often used
by us strong correlations exist between the features determined.
In analyzing the profile data these correlation can also be used
to locate areas deviating from normal conditions, e.g. to isolate
dirny aress (Flg 8) .

So the area cultivated with one month aged rice and lower plant
cover degree values under normal conditions (field is flooded) 1is
characterized by decreasing vitality feature and increasing
microwave signal. Dry areas however cultivated with rice from one
to. two months - age are characterized by a lower value of the

vitality feature and simultanously by a low microwave signal.
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2. Conclusions

During the INTERCOSMOS-experiments for microwave measurements only
a passive 3-cm radiometer could be used. The expected difficulties
in determining so0il moisture parameters because of the strong
influence of the green vegetation in this given waveband were
roune In general, the only 3-cm radiometer is not very suitable
for soil moisture detection. Nevertheless the derivation of plant
moisture and soil moisture parameters is possible in some special
cases. Relative changes could be detected by repeated measurements
within a time interval of 5 - 10 days. In some special cases the
degree of soil coverage by plants easily can be measured with a
microwave radiometer in the 3-cm waveband. For quantitative
investigations asa minimum a second radiometer in the 20-30-cm
waveband isnecessary, witiehic i i¥] eggiifnfilienced + By “tHe il

plants.
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Field measuring complex BMK/FE-3 for the acquisition of spectral

nly
Do data under in-situ conditions
ong
S Central Institute fo¥ Physik of'the=wFarth
B Telegrafenberg A 17
Potsdam 1561
ant
el
Basis vehicle - ARO 240
nts
the
& Cantilever - measuring height: max 8m
S load capacity 85 kp
-cm
g 1 Fieldspectrometer: 0.4 - 1.1 um, 40 bands spectralresolution
8-15 nm

Multibandradiometer: 04 — 1265 um, 8 bands app. TM-compatible

Microwaveradiometer: 3cm (10.4 GHz)

Bandwidthsd 5 GHZ

Data recording: digital on magnetic cass.
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Interkosmosexperiment Geoex-1986

Testsite Potsdam-Falkenrehde
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Interkosmos-Experiment Geoex-88
Ground coverage of sugar-beet testpoints

from microwave microwave measurements

L i I g I
£ day I testpoint I ground i microwave i
i Cbemp ) i I reference (%) I measurement GZ )T
3 I I 38 I
it it I i I S
g g 985 38 ke ol 1L 1 45 .0 i
I I I 50 I I {
I T ieilcitz i 1 97 & &
1 (TaBUSkS I I I I ?
I I i ik I o
I (To=Z91k) T M=l I i 838 I 2
It a7 I 65 i i
i R I i 66.9 1}
I 1 I I 1
¥ I i I I
g s Ve L el I ¥ 94.8 K
it i I 60 i I
i I ke & i il Sl I
 (Ta=312kh I i i I
il Al I i I
I (Trx294kd B iMil If I 68. 2 i
| I i 75 £ i
It I M2 I 3 749 14
I I I i i

TIB Hannover



Interkosmosexperiment

Telegeo~-87
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Interkosmos-Experiment Telegeo-87
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Interkosmos experiment CARIBE-88
Testsite Puente Guillen (Bayamo)

flooded rice
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Interkosmos experiment CARIBE-88

Testsite Puente Guillen (Bayamo)

flooded rice
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