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ABSTRACT

Tile chronological development and diminution of six floods in eastern

Australia during January, February and March 1974 were mapped fog the

first time by the Nimbus Electrically Scanning Microwave Radiometer (ESMR).

Day and nighttime ESMR (19.35 GH Z ) coverage was analyzed for the low

gradient. flooded Darling River system in New South Wales. Apparent move-

ment of surface water as indicated by low brightness temperatures (<'50°K,

day and C4(°K, night) was easily followed around the curved runoff basin

along the northern shoreline of the flooded Darling Riven during this 3-month

period. This pattern was in good agreement with flood crest data at selected

river height gage stations, even under cloudy eccditions.
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A HYDROLOGICAL ANALYSIS OF EAST AUSTRALIAN FLOODS USING

NIMBUS 5 ELECTRICALLY SCANNING MICROWAVE RADIOMETER DATA

INTRODUCTION

The Nimbus-5, a research and development satellite launched on December 12, 1972, carried

the electrically -scanning microwave radiometer (ESMR) which recorded microwave brightness tem-

peratures (TB ) from which it has been possible to estimate meteorological and hydrological param-

eters on a global scale.

The microwave brightness temperature (T B ) of the Earth 's surface is essentially the product

of the surface temperature and surface emissivity with additional attenuation and emissions due

to atmospheric water vapor and liquid water droplets (Allison et al., 1975, Zwally and Gloersen,

1977). Ice crystal clouds (Cirrus) have little effect on microwave radiation and are essentially

transparent at the 1.55cm ESMR wavelength. Molecular oxygen absorption can also be

neglected at this wavelength (Wilheit et al., 1977). Emissivity is the ratio of the radiation

from a surface at a measurable temperature for a given wavelength interval to that oi' a

black-body source at the identical temperature. When the emissivity is 1, the surface radiates

as a black-body. When it is less than 1, the surface behaves as a graybody (Moore et. a.? , 1975).

The emissivity of the surface depends among other things on the medium's dielectric properties

and for a smooth surface can range from 0.4 for water which has a large dielectric constant.,

C) about 0.7 for wet soils to greater than 0.9 for dry soils and dense vegetation. Microwave

emission from surfaces is also affected by roughness, topographic slope, stratig,mphy (layering

of differ ,^rit materials), density of rocks and vegetation cover (Oberste-Lehn, 1970, Cihlar

and Ulaby, 1974, Vickers and Rose, 1971, Allison, 1977). For example, a smooth bare dry

soil surface whose physical temperature was 2.90°K and emissivity was 0.90 to 0.95, would

indicate a TB of 261' to 275°K. This is to be contrasted to the low T B values over the calm

ocean which is approximately 120 0 , a result of low water emissivities of 0.4, at 19.35 GHZ.

L.



The state of the sea surface (wave height, roughness and foam) would increase the observed

brightness temperature for winds above 7 m/sec at the rate of 1°K/m/sec) (Nordberg et al., 1971).

Nimbus-5 ESMR data has been used to detect rainfall over the ocean by Allison et al., 1974,

Rao et al., 1976, Kidder and Von der Haar, 1977, Wilheit et al., 1977, Adler and Rodgers, 1977,

Austin and Geotis. 1978, Stout and Martin, 1979. This is possible because the oceans provide a

relativeiy constant, low T B (< 150 K) background for observing the atmosphere. Over land the

background is warmer, typically above 250'K, and more variable, as a result attempts to

measure rainfall over land with the Nimbus 5 ESMR have failed (Meneely, 1975). However there

has been some limited success in delineating rain over land using theoretical analysis and actual case

studies of the dual polarized Nimbus-6 ESMR (37GHz ). (Rodgers et al., 1978, Savage and

Weinman, 1975.) The effect of rainfall over the ocean is to increase the T B observed from space up

to 250 or 260 K for high rain rates. The rate of increase in T B depends on the wavelength. At the

1.55 cm Nimbus 5 ESMR wavelength, this maximum is reached for a rain rate of approximately

10 mm/hr (Wilheit et al., 1977. This relationship has been used to determine rainfall rates over the

oceans thus providing information for regions of the earth for which there were very few conven-

tional data available. These data have been combined to produce an atlas of the monthly averages

of rainfall over the oceans (Rao and Theon, 1977).

The extent of a disastrous regional flood in the Mississippi Valley at varying recurrence

intervals was mapped by use of Landsat (Rango and Anderson, 1974, Rango and Salomonson,

1974, Otterman et al., 1976). NOAA VHRR (Wiesnet et al., 1974) and Nimbus-5 ESMR data

(Schmugge et al., 1974 (a)). However a complete time sequence of a major flood had not yet been

demonstrated by satellite analysis. This paper will present Nimbus 5 microwave data which were

used to detect and map the movement of flooded areas in eastern Australia from January to March

1974.
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ELECTRICALLY-SCANNING MICROWAVE RADIOMETER EXPERIMENT

The Nimbus-5 spacecraft (Fig. 1) was fiown in a near-polar (81° retrograde) sunsynchronous

circular orbit of about 1 100km (600 n. mi.). Each orbit crossed the equator northward at approxi-

mate local noun and southward at midnight with a 27 0 longitude separation and a period of 107

minutes. The Nimbus-5 ESMR e.leasures the emitted radiation from the earth's surface and inter-

vening atmosphere in the 250MH Z band cc:.tered at 19.35 GHZ (1.55 cm), with a noise equivalent

temperature difference (NEAT) of approximately 2K. It scans transverse to the flight path every

4 seconds from 50° to the left through nadir to 50° to the right in 78 steps with some overlap.

The scanning process is controlled by an onboard computer and the radiometer scans a region

whose width is approximately 30° of longitude at 30°N. The half-power beamwidth of the antenna

is 1.4° at nadir and the 2.2° at 50° edges with resultant footprints of 22km and 45 by 160km,

respectively. Since the ESMR senses horizontally polarized radiation, a scan-cngle dependent

correction was applied to the data to make; each observation more closely equivalent to a linearly

polarized nadir observation (Wilheit, 1973). The instrument and its basic physics is discussed in

more detail by Wilheit, 1972 Wilheit et al., 1973, Allison et al., 1974.
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'. MICROWAVE BRIGHTNESS TEMPERATURE VERSUS SOIL MOISTURE
MEASUREMENTS

Since the dielectric constant of water can be as large as 80 and dry soil as low as 3, the water

content of soil will have a strong effect on the soil's dielectric properties. The resulting emissivity

of nonvegetated surfaces has been observed to vary from 0.6 to > 0.95 and, depending on the soil

moisture content, the occurrence of dew, the surface temperature, and receiver polarization, can

indicate microwave brightness temperatures from < 200° to > 310° K. This range of T B was

observed in ground based experiments (Poe et al., 1971, Newton, 1977), experiments from aircraft

(Schmugge et al., 1974 (b) and 1976) and from spacecraft (Eagleman and Lin, 1976).

An example of the aircraft results at 1.55 cm wavelengths are presented in Fig. 2(a to c)

where TB is plotted versus soil moisture. These data were obtained over bare agricultural

fields near Phoenix, Arizona and in the Imperial Valley of Southern California during March

1972. It was found that microwave emissivity of heavy soils (high clay content) Fig. 2(b)

showed a lesser sensitivity (slope) to soil moisture content than the light soils (sandy loam)

Fig. 2(a). The dependence on soil type was removed by expressing soil moisture content in

units of percent of field capacity by use of the following empirical equation (Schmugge et. al.,

1976;.

Field capacity (FC) = 2.51 — 0.21 x Sand + 0.22 x Clay,

where sand and clay represent respective soil fractions in percent. In Figure 2(c) there is a 50-60K

variation of T B between dry and saturated soils. Dry soils are those below about 40 percent field

capacity which is approximately the wilting point, and saturated soils are those with moisture levels

in excess of 100 percent of field capacity. These aircraft observations indicate the sensitivity of the

radiometer operating at 1.55 cm wavelength to soil moisture variations for bare ground situa±ions.

When vegetation was present the sensitivity to soil moisture changes was significantly decreased

due to the screening effects of the vegetation.
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Attempt to observe soil moisture variations from space have been frustrated by the coarse

spatial resolution of the sensor (> 25km), the screening effects of vegetation, and the rapid drying

of the surface layer to which the 1.55 cm radiometer responds. This is demonstrated by the results

of the anaiysis of the ESMR data over the Illinois-Indiana area following heavy rains in June 1973

(Schmugge, 1977). Analysis of Landsat imager/ for 9 and 10 June 1973 shows a substantial

amount of bare ground in this area. Figure 3 is a plot of the T B and rainfall variation along the
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Figure 3. Variation of Nimbus 5 ESMR Brightness Temperature and Total Rainfall Along
a Selected Latitude (40°N) Line for the Illinois-Indiana Area in June 1p73
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40°N latitude for 5 days earlier in the month. There is a _'0-30°K decease in T B between I and

..une in response to _'mini of rainfall at 89°W, while there was no decrease at 86°W where there

no rain. On 6 June the low TB ( < 230K) was noted for these areas receiving almost 75mm

of rainfall. However two days later, 8 June, T B has increasc i to the pre-rainfall values of 1 June.

This indicates that th,_ surface layer of the soil has dried significantly in this two day interval.

Durin- this period there was another area in the southern part of Illinois which received a similar

amount of rain but for which T B decreased by only 20-30'K. This is a winter wheat growing area

and the Landsat imagery indicated a denser vegetation cover which screened the low T B of the

moist soils.

This screening effect of vegetation was also observed by Barton (1978) in the analysis of EMSR

data over a test site at Deniliquin in southeast Australia. He found the+t the ESMR data did not

indicate a soil moisture change following rains in October 1976, while ground measurements of soil

moisture at a few points changed fron- 6 to 20`7, fr Ilowing the rain. The conclusion was that the

1.55 cm radiometer was not able to respond to soil moisture variations through a vegetative canopy

which in this case was thick tufted grass 20 cm high.

An additional study was conducted ever the northwest corner of Oklahoma u.:ng data from

the fall of 1973 in order to determine the relationship between the Nimbus 5 ESMR TB 's and

antecedent rainfall. Fig. 4 shows the good relationship found by McFarland and Blanchard,

1977, between Nimbus ESMR T B values :nd Antecedent Precipitation index (API) in inches,

where:

API(i + 1) = Ki (Pi + APli)

P i = Precipitation on day 1 (limited to a maximum of 6.35 cm)

Ki = Dimensionless depletion constant for day 1

They found that Nimbus-5 ESMR data was responsive to variations in antecedent soil moisture

in the near surface layer providing the target area was predominantly bare soil of low density

vegetation cover.
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These studies have indicated the sensitivity of spaceborne microwave radiometers to large

scale moisture changes under certain conditions, i.e., with little of no vegetative canopy screening

the soil. The results to be discussed in this paper are of persistent low values of T B (< 250K)
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oh--served over large areas of Australia during the first quarter of 1974. It is our conclusion

that these lowered values of T B resulted from large: amc:ints of standing wi*nr or flooding in

the radiometer field of view rather than simply wet soil.
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4. THE 1974 EAST AUSTRALIAN FLOODS

A. Background Information

Figure 5 shows the annual mean rainfall in inches for Australia. The wetter areas are indicated

by grey tones (>20 in.) and are loc..-cd a:-)ng t',e coastal strips to the north, northeast, east, south-

east and southwest. During the summer months (December to February) the rainy intertropical

zone of convergence (ITC) is indicated by a low pressure monsoonal area which forms over the

north equatorial coast. Extensive extremely dry desert regions (<10 in. (250mm)/yr.) are shown

THE AUSTRALIAN ENVIRONMENT
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Figure 5. Annual Mean Rainfall (in.) (Leeper, 1973)

12



covering large areas of central and western Australia. Evaporation is high and on the average

accounts for 8'1 % of the rain as compared to 601/o for Europe and North America. Thus only a small

proportion of rainfall becomes surface runoff except during heavy rain periods. During the winter

months, June to August, the north coast is dry as the ITC moves northward into the northern hemi-

sphere while the southern coastal strips receive rain from the west-to-east travelling lows in the

"Roaring Forties" (Leeper, 1973). Ten to twenty inches of rain pe - year falls in semiarid Queens-

land and New South Wales (with exception of coastal strips) aid permit sheep and cattle grazing in

vast treeless grasslands and low open hilly woodland, examples of which are shown in Fig. 6(a and b)

(Laut et. al., 19"/7). A large number of deep artesian wells in the Great Artesian Basin (eastern

quarter of Australia in the Central Basin) supplement the surface water supply for the sheep and

cattle industries. Orographic maps of Australia indicate 1000 to greater than 3000 ft. (300 to

1000m) elevations exist in the eastern highlands, while the Central Basin is generally below 500 ft.

This basin has two major drainage systems; the Lake Eyre interior drainage and the Murray-Darling

River. These two gently sloped systc:ns have less than I inch (2.5 cm) runoff annually. The typical

sand dunes, erosion channels and claypans of the Lake Eyre region in south central Australia are

shown in Fig. 6(c and d).

The lakes in the central internal drainage basin is somh Australia are dry most of the time and

only fill during periods of heavy rainfall. In 1974 it wa.,, possible to monitor their flooding with the

Nimbus 5 ESMR. The particular lakes that will be discussed in some detail are: Bulloo Lake which

is the terminal of the Bulloo River in southwestern Queensland and Lake Yamma Yamma with the

neighboring lowlands of Cooper's Creek (Fig. 7).

The area of flooding that wil: be discussed is along the Darling River in New South Wales.

Eariy in the period the flooding was concentrated around the town of Walgett in northeast section

of New South Wales (Fig. 8). The flooded area will appear to move down river ending up at

Menindee in March 1974.

The January to March 1974 period was an extremely anomalous season in that heavy rainfall

and severe flooding occurred in the northern coastal plains of Queensland (south of the Gulf of
•
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Carpentaria, the Coopers Creek area of southwest Queensland, the Lakes Eyre, Frome, Gairdner,

Torrens area in South Australia and the Darling River basin in New South Wales and south Queens-

land. Figure 9 shows the rainfall in both Queensland and New South Wales for January and

February 1974 which ranged from 50 to 2000 percent of the normal 25 to 400mm/month (Monthly

Weather Review, New South Wales, Queensland, 1974). The runoff due to this heavy rainfall

flowed slowly southward through normally dry channels into a network of rivers which feed into

Lake Eyre and the Darling River system (Warner, 1977). A similar flood occurred in Australia

during the 1949-50 period in which large areas of the Lake Eyre drainage division were inundated

and rivers flooded up to 30km in width in certain areas. Flooding in the lower reaches of this

inland water system.-can occur 3 months after the rainfa}' event in the headwaters of these drainage

divisions. (Australian Water Resources Council. 1976, Gibbs and Maher, 1967, Pittock, 1975.)

In the last 100 years, the worst previous flood years in Australia occurred in 1852-3, 1863,

1870, 1875, 1887, 1889-94, 1909-11, 1916-17, 1 921, 1925, 1931, 1934, 1949-50 (Foley, 1954).

B. Chronology of the 1974 Flood

At the beginning of January 1974 a normal summer monsoonal trough extended from the Gulf

of Carpentaria southeastward 'hrough Queensland and northern New South Wales. By 9-10 January

1974, this surface trough became well defined and ensuing heavy rains (>300mm) fell in Queens-

land and New South Wales. In addition Tropical Storm Wanda moved westward inland over

southeast Queensland and increased the anomalous rainfall (>200mm) from 24-26 January 1974.

(Monthly Weather Review, NSW, 1974.) The Nimbus-5 ESMR photofacsimile pictures, Figure 10

(a,b), starting 9 January 1974 show the NW/SE oriented trough with white indicating "cold"

brightness areas of rain and/or wet ground over a dark "warm" ground background. Ocean areas are

white since they consist of colder T B values due to low surface emissivities (0.4). Heavy rains

(300mm from 7-10 Jan. at Walgett) fell on the upland portions of the Darling river watershed pro-

ducing a large, almost circular region-of lowered T  values seen in Figure 10(c to e). As the region

dried out, the total area of lowered T B decreased and began to move down to the south and take
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the shape of the lower portion of the drainage basin, Figure 10(f to j). ,additional rain (35 to

62mm) of 19-20 February increased the size of the "cool" T B region, Figure 10(k). The region

continued to move south and decrease in size until 21 March when the sequence stops, Figures 10

(1 to p). To the west of the Darling River basin, the left side of Figure 10, are the interior lakes of
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r^

N

CLd

t^

Rf

A O^ •c
N .y
E ^
O
c^ O
N 'C

ODo

1

l

O

O*r

E
IRNOi

v

.s
O
V

W J

T ^^i
U _
c

aZ

vT'

I	 rr ^

Ln

rn ^

LL
U- Z

N

R7 7.

C'Q ^
I.a

N 7

w^
^n
«^ y

o^

U ^
a^
^v
.y 3
U U

O ^

roU

C
V ^
M

o^ Q
.. y
oc

w^

EC^,

z
Û
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South Australia. These lakes show a large change in size from 9 January to 23 February as the

runoff from the uplands drain into these interior basins.

A more quantitative presentation of these features is Liven in Figure 1 1 which contains contour

maps of brightness temperature values for the Darling River basin. Regions with TB <240°K for

'	 night orbits and T B <250°K for day orbits are shaded or ziptoned to indicate regions with suu-,tan-

tial flooding. This is based on the assumption that areas with persistent iow brightness values are

those having a substantial amount of standing water within the sensor field of view. The results

presented earlier over Illinois in 1973 (Schmugge et al., 1977) and Australia in 1976 (Barton, 1978)

indicate that wet soils alone would not produce the persistent low T B values. The particular values

of TB chosen to delineate areas with substantial flooding were those which would indicate that

25-30"X, of the area within the sensor's field of view were water covered. This percentage was deter-

mined by observing that the T B of unflooded grassland was 280°K while the lowest T B observed for

the interior lakes were in the 170 to 180°K r:.nge. Thus for a day pass

TB (dry) - TB	280° K - TB
Percent of standing water 

=TB (dry) - TB (wet)	 2800 K - 180°1.

It is recognized that this is only an estimate and that regionF -Kith temporarily saturated soils could

also have TB 's in the 250°K range.

Figure 1 i shows the TB contour map for the time of the most intense rainfall over the

area with extensive ground wetness. The low T B values are the result of increased ground wetness

rather than being due to the rain itself since the lowest T B expected for intense rain is approxi-

mately 250° K (Wilheit et al., 1977). By 22 January (Figure 1 10 the shaded area has decreased to

150 x 200 km section centered around the town of Walgett. The other s i:aded area north of the

town of Wilcannia is Lake Bulloo, an internal drainag basin, Above that i; Lake Yamma Yamma

and the Cooper Creek lowland is apparently just beginning to fill with water. The shaded area

around Walgett continues to shrink on 24 January while Lake Bulloo and Lake Yamma Yamma-

Cooper Creek areas continue to grow and intensify. Additional rains on 25 and 26 January (18mm

23
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at Walgett), produced little change in the 30 January map of the Darling River basin except for the

movement of the shaded area to the southwest. There was a substantial increase in the shaded area

for the !ake regions where heavier rains had fallen. The 2 and 7 February 1974 maps show

the continued shrinkage of the shaded area in the Darling River basin and the movement of the

flooded area to the southwest. The leading edge moved from 70 kin to approximately _3 0 km north-

west of the town of Wilcannia during this interval or about 8 kill per day. In each case, the kawest

T B was 210° K or less indicating at least 50 to 60(7 water within the field of view of the radiometer.

The two lakes in the northwestern portion of this analysis have become well defined with T B 's as

low as 1700 K. indicated by the double arrows in Figures 11(e to h). Figure 12 is a Landsat 1

(MSS-7) inlag_, of the sank area on 6 February 1974 when waters in the Barcoo River channels over-

flowed into Lake Yanuna Yanlma and Coopers Creek lowlands reaching a maximum width of 60

km. The flood boundaries are readily mapable because of large differences in surface reflectance be-

tween the dark flooded area and the lighter (try uplands (Robinove, 1978, Short et at., 1976).

From this image. the total extent of the flooded area is estimated to be 160 kill by 50 km which is

in reasonable agreement with the area within the 180°K countour line in Figure 1 It'.

The 5 and 14 March maps indicate the continued movement of the shaded southwest down the

Darling River, with the lowering; of T B becoming less intense, i.e., the minimum is now about 220°K.

Similarly the shaded region of the lakes has also shrunk.

A hydrograph (Figure 13) for the Barwon River at Walgett, provided by the New South Wales Water

Resources Commission, was compared with the values of T B for a 50 kill x 50 km area around the

town of Walgett. Generally, the low T B values relate well to the river gage height which is an

indicator of the overbank flow. lr, particular, the peak of gage height occurs on 17 January, slightly

prior to file I11inII11UIn VaILI of T B = 184°K. on 19 January 1974. This value indicates that 80 to

90%/ of this 50 x 50 kill area was flooded. Tile subsequent rise of T B corresponds well to the

decrease in gage height. A photograph of the flooding at the Dangar Bridge, Walgett on 17 January

1974 is shown in Figure 14.
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Figure 12. Landsat 1 (MSS-7, Frame No. 1563-23530) Recorded on 6 February 1974. Lake
Yamma Yanuna k. i pper.dage Lower Left) is Shown Near Darker flooded Coopers Creek Low-
lands, (Center Right)

An initial attempt was made to measure the flooded area from the Nimbus 5 ESMR grid print

maps of brightness temperatures. Six regions which were covered by T  value <240°K, night and

<250°K, day were plancinctered (Figure 15). The daily integrated changes for area 6 along the

Darling River basin is shown in Figure 16(a). Starting at zero before the rains of 9 to 1 i January,
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it reache., a peak on 10 January which probably includes a substantial area with bare wet soils. By

15 January, these surface soils have Jried out and the area reduces to a value of 50 to 60,000 km'

and the area continues to decrease with the exception of sharp spikes resulting, from rains in late

January and mid February 1974. Recall that the shaded areas contained at least 20-30% standing

water, therefore, the actual flooded area will be somewhat less than that indicated in Figure 16(a).

T- 	 16(b) shows the daily integrated flooded area changes for all areas I to 6. One major flood

k occurred on 30 January 1974 while minor peaks occurred on 10, 18 January, 20 February znd
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I 1 March 1974. Color pictures of the near-flood area maximum on I February and near-minimum

oil 1 March 1974 are shown on the frontispiece of this study. A more complete description of the

wet season flooding in the South Carpentaria Plains (Area 2) may be found in a paper by Simpson

and Doutch. 1977.
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5. CONCLUSIONS

The passive microwave brightness temperature observations of the Nimbus-5 ESMR were used

to detect and monitor the development of flooded areas in the Darling River basin of New South

Wales, Australia. This capability was based on the observation of areas of persistent lowered values

`	 4	 of T  which were attributed to the presence of flooded areas or standing water within the ESMR

field of view. In the Darling River basin, the temporal variation of both size and location was

monitored through the first quarter of 1974. The area with substantial flooding varied in size from

approximately 60,000 km 2 immediately following the heavy rains in mid-January to about 10,000

km 2 in late March 1974. Its center moved approximately 600 km from town of Walgett to half-

way between the town of Wilcannia and Menindee and it changed in shape from roughly circular

to oblong as it moved down stream. The motion is believed to be that of the flood waters since

there were no anomalously l lrge rains over the downstream portion of basin following the heavy

rains early in January 19%4.

These results indicate that microwave brightness temperature observations are another useful

tool for monitoring surface water. This satellite capability will be considerably enhanced when

improved spatial resolution becomes available in the future. Longer wavelength sensors will also

provide greater sensitivity to soil moisture and standing water and less sensitivity to vegetation

cover. Examples of this are shown in the results of Eagleman and Lin (1976) from the Skylab

21 cm radiometer data in which soil moisture changes were monitored through crop cover present in

the U.S. Great Plains area.
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