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ABSTRACT

Microwave data acquired over the Great Salt Lake Desert area by sensors aboard

Skylab and Nimbus 5 indicate that the microweve emission and backscatter were strongly
influenced by contributions from subsurface layers of sediment saturated with brine. This
phenomenon was observed by Skylab's S=194 radiometer operating at 1.4 GHz, 5-193
RADSCAT [Radiometer=5catterometer) operating at 13,9 GHz and the MNimbus 5 ESMR

- {Electrically Scanning Microwave Radiometer) operating at 19.35 GHz. The availability.

» - of ESMR data over an 18 month period allowed an investigation of temporal variations.

Aircraft 1.4 GHz radiometer data acquired two days after one of the Skylcb posses |
confirm the satellites' observations. ESMR data reveal similar responses over the Bolivian

deserts, which have geologic features similar to those of the Utah desert.
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1.0 INTRODUCTION

The microwave emissivity, €, ond backscattering coefficient, o°, of terrain
surfaces are functions of the dielectric properties and surface roughness (relative to
the wavelength) of the ground, The dielectric properties are in turn strongly influenced
by the soil moisture content. Microwave observations of soil surfaces by active [Ulaby,
1974a,b; Ulaby et al,, 1975a] and passive {Schmugge et al., 1974; Newton et al,,
1974; Eaglemon and Ulaby, 1974] sensers indicate a high degree of sensitivity to soil
moisture variations, Due to the nature of the scattering and emission phénomena, the
scattering coefficient exhibits a positive correlation with soil molsture content, whereas
the emissivity (ond hence brightness temperature) decreases with soil moisture content.
In both caszs [Ulaby et al., 1975a; Newton et al,, 1974] longer wavelengths have
been observad to yield more satisfactory results (in tarms of sensitivity to moisture
variations) simply because, for a given terrain surface, the effects of surface rough=
ness on the microwave response (backscatter and emissio”) are reduced as the wave

' length is made longer since the surface would appear electromagnetically smoother.

Brightness temperature data acquired by Skylub and Nimbus 5 microwave
radiometers over Utah indicate a consistent difference in temperature between the
Great Salt Lake Desert area ond neighboring land surfaces, The Skylab microwave
sensors include a 13.9 GHz Radiometer-Scatterometer (PARSCAT) designafed'S-l‘?G
and o L-band radiometer operating at 1.4 GHz designe.t. i :=194. The microwave
sensor aboard Nimbus 5 is a 19,35 GHz Electrically Scanning Microwave Radiometer
(ESMR).

During Skylab Pass 5 on June 5, 1973, 5-193 measured brightness temperature
values as low as 200°K for some parts of the Great Salt Lake Desert in comparison to a

270°-280°K range for areas outside the desert. In conjunction with the low temperature

values, the measured scattering coefficient of the same general area was more than 15 dB

higher than the scattering coefficient of areas oufside the desert, Similor observations
to those indicated by the S-193 radiometer were also evident in the data acquired by
$~194 and ESMR for the same dote. Anocther Skylab pass on August 8, 1973 and
numerous ESMR passes over an 18 month period confirm that these observaticns are

in response to specific characteristics of the Great Salt Lake Desert soil material.
Detailed analysis of the data and the hydrology of the region has fed us to believe that
a significant contribution to the measured emitted ond hackscattered energy is from

subsurface layers of brine, 1
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As will be discussed in this paper, the availability of microwave data over
the Great Salt Lake Desert at three different wavelengths has proven very useful in
the analysis and interpretation. Mereover, the scatterometer data at 13,9 GHz hos
also served to complement the observations made with the passive sensers, The daily
global coverage of the Nimbus 5 ESMR make possible cbservation of .. r salt deserts,

In particular, low brightness temperatures have been cbserved over H«, salt deserts of
the Alti Plono vegion of Bolivia,

2.0 DEVELOPMENT AND CHARACTERISTICS OF THE GREAT SALT LAKE DESERT

The test site under investigation trends in a northwest=southeost direction ucross
the Great Salt Lake Desert (Figure 1). The narrow side represents the coveroge on the
ground by $-193 RADSCAT as the antenna was scanned in the cross=track=contiguous
mode at 0° forward pitch during the Skylab June 5, 1973 descending pass (northwest to

s wtheast direction) over Utah, 5-194 coverage comprised approximately 74 pst cent of
the test site and complete coverage by ESMR is available for numerous passes. Two
fines are shown in Figure 1, a horizontal line representing a transect across the desert
at 40° 30 North latitude, the elevation profile of which is shown in Figure 2, and @
NW-SE line indicating the coverage by the NASA airborne 1.4 GHz radiometer flown
on August 10, 1973, Several types of terrain are also shown including lakes (Great

Salt Lake and Utah Lake), saltflats, mud flats, mountains, and the Great Salt Loke
Desert, '

2,1 Hydrologic Properties

Fifteen to twenty thousand years ago, coincident with the beginning of the
retreat of the most recent gldcial advance over the northern portion of the North
American continent, a large area of northwestern Utah was covered by ancient Lake
Bonneville which, through a complex history of contractions and expansions, ultimate~-
ly was reduced fo the 4270 km? now occupied by the Great Salt Lake. To the
sovthwest of the lake and connected to it by a narrow threshold is the Great Salt Lake
Desert (Figure 1), approximately 9 m above the present level of the lake. Until
approximately 10,000 years ogo [Eardley, 1962}, this area wos covered by the waters -
of Lake Bonneville into which were washed the sediments now composing the lake bed
deposits which underlie the salt encrusted surface, These deposits underlie the major

portion of the Great Salt Lake Desert below altitudes of approximately 1300 meters
2
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and ore predominately clay and silt with variable salt content [Stephens, 1974].
From this bleak terroln susface rimmed by mountains (Figure 2) several areas show
deviation: to'the west i the general vicinity of Wendover, Utah lay the Bonneville
Salt Flats and along the east side of the desert are gypsum sand dunes which have
developed through the ablation of the desert surface by the westerly winds. In
addition, isolated masses of bedrock protrude upward from the central and marginal
arecs of the Great Salt Lake Desert,

Lake bed clays ard silts and crystalline salt form a shallow brine aquifer a
maximum of 7.6 meters thick which covers the bulk of the surface of the Great
Sa't Lake Desert (Figure 3), only the northern portion of which hos been studied in
detail [Stephens, 1974],

Generally, in the area where lake clays form the surface, the depth to brine
is estimated to range between 60 and $0 cm near the center of the desert floor and
2.1« 2,7 m at the margins [Nolan, 1928], although capiilary action in the fine
grained sediments may raise the water in excess of one=~half meter above the water
table which causes the surface to remaln perpetually moist, In the Bonneville Salt Flats,
atthough the surface of the salt bed is rigid, the salt remains saturated with brine
fo within a few inches of the surface [Stephens, 19741, the water toble ranging
between approximately 15 and 20 cm below the surface. With the precipitation in
the central part of the desert averaging less than 13 em per year, the possibility of
accumuloiing standing water on the desert surface or of elevating the water table
above its normal 60~20 cm position below the desert's surface is minimal. Runol”
from the highest parts of the mountr?~ - '~ —=-~  rages less than 2.5 cm
annuaily {Budgley et al., 1964: Busby, 1966] and runoff during the brief periods of
rapid snow nielt generally infiltrates the stream channels downslope and only locally
spreads out over the desert floor, most frequently in the Bonneville Salt Flats area.
Recharge is by infiltration of precipitation and lateral subsurface inflow, the brine
moving through the lake beds by intergrannular flow through layers of salt impregnated
clay and through open joints (Figure 4},

2,2 Dielectric Properties

Except for a few isolated segments, the Great Salt Lake Deserl is characterized
by a very flat surface. Hence, at a first order approximation, the specular surface
- model can be applied to calculate the emissivity of the surface in terms of the power

reflection coefficient R [Moore, 1975];
5
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. e=1-R (1

At nadir, K takes the form: 2

1 =jk
= 3

where k is the relative complex dielectric constant of the ground:

kr'k,]_ij 3)

At microwave frequencies, typical values of kg for dry soil lie In the range

2.5 €ky < 3.5andk, ~ 0 [Hoekstra und Delaney, 1974] leading to an

emissivity range at nadir of 0.95 € € < 0,91, In contrast, k1 and k2 of water

are s h larger in mugnitude and are, in general, functions of frequency, temperature
a4 salinity [Stogryn, 1971], Shown in Table 1 are calculated k and €  values for
pure water, saline water with a salinity of 150 %/00"and saline soil typical of the
"Great Salt Lake Desert brine layer, all at 23°C. According to Stephens {1974] the
salinity of the water under the desert floor is generally 150 %/00 or more and the
average porosity of the soil is 45 per cent. Thus the brine layer is @ mixture consist~
ing of 45 per cent saline water and 55 per cént soil, Due to the {ack of dielectric
constant data for such a mixture, the entry in Table 1 for the dielectric constant of
salire soil was calculated using the dielectric values caleulated for dry soil and saline
water [Stogryn, 1971], each weighted by its respective proportion of the combined mixture.

Most of the brightness temperature data presented in the next section was
acquired on June 5, 1973. The ground temperature ¢t the time of the Skylab and
Nimbus passes was estimated to be 296°K (239C) [NASA, 1974] , hence all values
shown in Table 1 were calculated at 23°C,
Whereas the effect of salinity on the emissivity of water is negligible at

13.9 GHz and 19.35 GHz, Toble 1 shows that the emissivity of saline water at

1.4 GHz is less than half the emissivity of pure water. Moreover, the calculated
emissivity of saline soil (s defined above) is smaller than the emissivity of pure water!

* ;
Yoo stands for "parts per thousand™, _




i

Teble . Caoleulated dielectric constant k and emissivity € of dry soil, pure water,
saline water end sc'ire soil at 23°C,
Dry Soil Pure Water Scline Water* Saline Soil**
Frequency kd € kp € ks €, k” %
1.4 GHz 3-j0  0.928 78.63-j5.57 0.364 | 41.9-j237.4 0.179 20.5-j106.8 0.256
13.9 GHz 3-j0 0.928 52,4-j35.7 0.382 | 31.4-j40.6 0.394 15.7-j18.3 0.524
19.35 GHz| 3-j0 0.928 40.4-j37.2 0.396 | 25.7-j35.6 0.416 13.2-j16.0 0.549

*Salinity = 150 °/;o

"ks = 0.55 kd +0.45 ks
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3.0 MICROWAVE OBSERVATIONS

At satellite altitudes, the measured Brightness temperature of a flat surface
Is given by [Moore, 1975]:

_TBS Ta[TBS.‘P(lTG)Td]d—Tl‘j (4)

where Ty ls atmospheric trnnsmtrtance, TBS is the brightness temperature of the

surface, T gl the brnghrness temperature of the total downward radiation {(atmospheric

plus cosmic) and T is the brightness temperature of the upward atmospheric radiation.

Ths is the product of € and the ground thermometrte temperature T . Under c¢lear sky

conditions, atmospheric effects are negligible for the dry desert etmosphere of the

Great Salt Loke Desert area, particulerly at 1.4 GHz and 13,9 GHz. After calculating
T, T, and T for the June 5, 1973 atmospheric conditions, the error between the

measured brightness temperature Ty and the brightness temperature of the surface Ty

AT = TB-TBsr-'TB"- ETg. (5)
was estimated by colculatiﬁg ¢ using Eq, 4 for the range of values of Tg measured by |
the satellite radiometers. The following results were obtained:

<2.,3°K ot 1.4 GHz
AT= <(<2.5°K ot 13.9 GHz
<%,19€ ot 19.35 GHz

Similar results (within 0.2°K) were also obtained for the August 8, 1973 Skylab and
Nimbus 5 passes over the Great Salt Lake Desert. In addition to these two passes, data
reported herein includes Nimbus coverage over a period of 18 months during which the
data acquired on some passes were more severely influenced by atmospheric conditions.
During the drier winter months, colculations for the mid-latitude winter standard
atmosphere profiles yield a smaller difference, A7< 5.9°K. The value of the dif-
ference for the Bolivian salt desert would be less than 5°K due to the higher altitude
and reduced water vapor content. '

" If we model the Great Sclt Lake Desert os a stratified medium consisting of @

relatively dry surface layer of height h (layer 1) covering a substrate consisting of
10
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saline soil (layer 2) with both layers having the same thermometric temperature T ,

the brightness temperature of the surface con be expressed o5 (adapted from King?l??O] )

TBS =Tg (1= R'Ia) (1~ T'|2 R]z) (6)

where R Is the power reflection coefficient at the interface between two semi-
infinite homogeneous media. The subscript "a" refers o the air medium above
layer 1. The effect of the attenuation by layer 1 is accounted for by the
transmittence Ty

?..l(h).':exp.("‘Zﬂh) (7)

where 2a is "ne power attenuation coefficient of layer 1.

In the udsence of the top layer, Rig = 0, Ryp =R and Ty = 1 which leads
to: '

Tps = Tg (17 Rgo)
= Tg 602

where in this case €, is the same os the emissivity of saline soil € (Table 1),
Since o varies directly with frequency, the effect of attenuation by the top layer
would be expected to be negligible at 1.4 GHz in comparison to 13.92 GHz and,
especially, 19.35 GHz. Moreover, since h, the depth to brine, varies between
about 10 cm near the center of the desert floor and 2.7 m at the margins, the effect
of this variation should be reflected in the difference between the measured bright=
ness temperature Ty and the brightness temperature of saline soil, T €+ Dueto
the lack of exact information on the moisturz, salinity and temperature profiles of
the Great Salt Lake Desert floor, only qualitative comparisons can be made between
the measured brightness temperatures and the inferences drawn from the two=layer
model discussed above.

Table 2 is a summary of vehicle, sensor, and test site parameters pertinent to

the present study. More detailed information is given in each of the following sub-
sections,

3.1 5=193 Obs.erva Hors

Three different microwave sensors operating at the same frequency of 13,9 GHz
are incorporated in $=193: a radiometer, a scattérometer and an altimeter, ali sharing

the same antenna and some of the receiver front=end. In general, fora given pass {or
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Semsor
Frequency
Effective Antenna Beomwidth
Beom Scanning

Pas Information
Poss Numbaer
Poss Date
Locol Time
Mode
Pitch Angle
Scon Angle
Nodir Angle Ronge
Ground Resolution ot 0° Scen Angle
Ground Resolution ot End of Scan
Test Site Ground Temperoture

Generol Reference

*see section 3.3
**CTC = Cross=Trock=Contiguous

Toble 2. Summory of Vehicls, Semor, Poss ond S'te Information,

5=194

Skylob

438 km

Radiometer

1.4 GHz

15.2°

None
5 16
&5-73 8-8-73
10:58 0.m. 9:01 a.m.
nodir looking nodir looking
3 o°
N/A N/A
N/A N/A
117 km diometer| 117 km diometer
N/A NA
296°K 298°

NASA {1974)

SS9 RAD

Skylab
438 km
Rodiome’er
13.9 GHz
2.02°
Mechanicol

5

&57

10:58 a.m.

c1c

oﬂ

+10.5°

o™ 10.5°

15.5 km diometer
15.7 km x 16,0 km
296°¢

16

8-8-73

01 a.m,

Ccrc

17.0°

+10.5°
17.0°-20.0°

16.2 km x 16.9 km
16.5kmx 17.5 km
298°k

Sobti (1973)

$-193 SCAT

Shylab

428 km

Scotterometer

13.9 GHz

1.56°

Mechon lcal
5 16
573 873
10:58 0.1.. 0l a.m,
(a4 c1C
0° 17.0°
+10.5° +10.5°
o®-10.5° i7.0%20.0°

11,11 ke dlometer 11,6 kmx 12,1 km
M3kmx 1.4 km 11.8km = 12.5 km
296°K 298°k

Sabti (1973)

12:00-1:00 p.m
cic

o

o

0°-s¢°

25 bm diometer
160 km = 45 km

Wilheit (1972)



parts ther: ) either the altimeter or the RADSCAT Radiomerer~Scatterometer) wos
operated. For the RADSCAT portion several modes of operation were available; each
mode specifies the date taking sequences in terms of pitch and roll angles, polarization
and sensor. Because of either coverage, ineident angle and/or scanning mode considerations,
only two 5=193 passes were judged suitable for the purposes of the present study. These
are Pass 5 on June 5, 1973 and Pass 16 on August 8, 1973, Detailed discussion of the
data recorded on Pass 5 will be presented next followed by a brief summary of the
observations noted from the data of Pass 16. _

Pass 5 was o North-West to South=Eqst descending pass during which S-193 RAD=
SCAT was operated in a cross~track contiguous mode with the radiometer and
scatterometer measurements interlaced in time. Other mode parometers include:
linear polarization in a direction paraile| to the spacecraft velocity vector, approximately
0° pitch, and roll scan between +10,5° and~10.5° relative to nadir in the cross=
track direction. In this mode, the signal polorization relative to the ground is
horizonta!. During each scan 12 cata points are recorded by each sensor. Figure 5

~ shows the radiometer footprints (calculated on the basis of the antenna beamwidth)

enclosed in the test site frame chosen for this investigation. For reference considerations,
the scans have been designated by alphabetical letters and the footprints within each

scan are numbered, The position accuracy of the center of a footprint is estimated fo be
approximately equal to one half of a footprint diameter,

In Figure 5, scans a~d, which fall completely outside the desert area, show bright-
ness temperatures between 270°K and 279°K. As the spacecraft moved towards the south=
east, lower Ty values were observed over the desert, the lowest being 200°K at footprints 6h
and 8h, sitvated opproximately in the central part of the desert. Furthermore, the
radiometer shows a drastic change as it crosses boundaries; viz., 3g(264°K) outside
the desert, 4g (220°K) at the boundary, and 5g (206°K) inside the desert. Inscan
m, ¢s the ontenna scanned between 10m and 12m, two different boundaries are crossed;
100 is at 260°K, 11m is 205°K (saltflats) and 12m is 154°K (lake). Keeping in mind
the position accuracy of these footprints and the topographic accuracy of the terrain
map, it is clear that the rodiometer response is fairly consistent throughout. Consider,
for example, footprint 105, Its relatively low brightness temperature of 198°K. leads
us to suspect that a larger portion of Utah Lake is enclosed in 105 than is shown.,

13
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by ESMR (section 3 ,3) while the answer to the earlier was provided by Skylab Pass 16

» For o ¢loser understanding of the spatial variation of the brightness
temperature within the Great Salt Lake Desert area, Figure 6 shows a contour map
generated on the basis of the data shown in Figure §. Based on our earlier discussion
of the desert hydrology, we propose that the contour map represents a gross "mapping”
of the depth to the brine layer beneath the surface,

Whereas the microwave emissivity is almost insensitive to incident angle
variation between nadir and 10.5°, the radar scattering coefficient experiences its
largest drop in magnitude in precisely this range of angiss. Hence for the purposes of
this study, only the data within the + 2.5° range around nadir was included
in the contour map of Figure 7, The radar data confirms the observations made by
the radiometer in that its measured scattering coefficient changes from values smaller
than 0 dB for footprints outside the desert to values as highas 17,7 dB over the central
part of the desert.

During the early stages of this study, it was suggested that perhaps the response
observed by S~193 over the Great Salt Lake Desert might be due to spots of standing
water formed by a previous rainfall. No such evidence was observed on the Skylab
photography (S 190A) of this area. The next step was to determing whether or not
this phenomenon is also evident from dota acquired by a) other Skylab passes or
b) other satellites carrying microwave sensors. The answer to the latter was provided

on August 8, 1973, approximately two months after Pass 5. The subsatellite track of
Pass 16 was approximately parallei to that of Pass 5 but was shifted fowcrds the North-
East by about 52 km.

During Pass 16 over Utah, 5-193 RADSCAT was operated in a cross=track :
contiguous mode similar to Pass 5, except that the pitch angle wes abeut 17° (0° for

SETENLEIINTL © 0 AR R el fHe e o fadmei o e meea o e e a L L

Pass 5). Corresponding to a roll scan of + 10°, the incident angle varied between
about 17° (at 0° roll) and 20° (at 10° roll). Thus, for all practical purposes, the

incident angle was almost a constant. Due to the larger pitch angle employed
in Pass 16, the scatterometer and radiometer footprints were slightly larger (than those

TR T

of Pass 5). The Pass 16 data were used to generate footprint and contour mops similar
to those shown in Figures 5 and 6, Over the test site area, the radiometer recorded
a high of 273°K and a low of 199°K [Figurns 8 and 9 ]. The general shape of

the contours are similar to those produced from the June 5, 1973 data, Footprints

T

T L T IS U

over the Salt Lake itself recorded brightness temperatures as low as 146°K. The point
to be made here is that indeed the phenomenon observed in June was also evident in f
Avgust, ‘

15

B A A s i 3




21

42.00! S$-193 BRIGHTNESS TEMPERATURE CONTOURS BRIGHTNESS TEMPERATURE 1
¢ /77 RANGE OF VALUES .. 154 TO 279 DEGREES |
GREAT SALT LAKE DESERT  6/5/73 R e
Ao
4.} £ D CONTOUR LEVELS TABLE 1
I3 ™ !
f . < LESS THAN 190 Y
£ 3 190 10 200
4.0 \ " y: . won .l -
‘A 100 20 .
Y 22010 20 ES
s
. 201020 0IID
‘ 0. y e 4
1.10 4 240 10 250
£ 3070260 [
. 260 o:*:{ ]
0.8+ £ MORE T 1
oo ORE THAN 270 758
.’f ¢ ‘
\\. F 1 .r
a0 50+ < il
\\.: . '-j ;' / o)
40,20 ~ M
,} i /./
.90+ L 1
| —_— Y.} |
1 GREAT SALT LAKE 4
/ - ’
i | N \*-smux:cnv f V4 4
.60+ : I | %
| ' . 7
X UTAH LAKE ' & //“\\ / '\\
“STUDY AREA ! ! \ 4 S
39,30+ UTAH S aurs } 4 1
i . 4
; AEE. ”_‘_.'0 2" KILOMETERS N 4
i -
9ol L i . : i -
-115. 20 -114. 60 -114.00 -113.40 -112.80 2.2 11180 111,00

Figure 6. $-193 brightness temperature contours bosed on the data of
Figure 5.



Ll

4110+

40.80+

40,50+

39.90+

————

S-193 SCATTERING COEFFIClENT CONTOU?S

GREAT SALT LAKE DESERT

No,GREAT SALT LAKE
( *SALT LAKE CITY
\ UTAH LAKE
“STUDY AREA
UTAH
ETOF T

0 10 2 % &
by, S S
01020 3040 0
—

FEIEEPST =

-4

6/5/73

MILES
KILOMETERS

TN

112.80

SCATIERING COEFF IC IENT
RANGE OF VALUES. -7.5T017.74d8
CONTOUR INTERVAL ...... 2.548

CONTOUR LEVELS TABLE

£.570 4.0 NS
-4.070-L5 |
51000 [
Lo103.5 1
. o 3.51060 ) |
&~ 607085 EIT
v B&5TO0lLO
G- wotons N
! MORE THAN 135 D 1

M2 UL 1100

Figure 7. $=193 sca* sring crefficient contours, Pass 5, 6/5/73.



e

GREAT SALT LAKE DESERT 8/78/73

PASS S ~
$-193 RADIOMETER FOOTPRINTS

| AKE
ST N ———
-l

Figure 8. $-193 radion-ter iootprints, Pass 16, &/%/73.

—_—

zm
STUDY
AREA
UTAH
]| SR —
5.2

5 . v E 8 = o N s %
9 - & < & - & ® = £
4
1
" 18




39. 90

39.60

39.30+¢

p -
{ ~GREAT SALT LAKE

\y L N {

{ K eSALT LAKE CITY T
¢ . 1 Ny
UTAH LAKE| 5 .
STUDY AREA
UTAH {0 10 2 30 &, S L
| 01020 304 % ~
et K ILOMETERS “~

L ] 5

$-193 BRIGHTNESS TEMPERATURE CONTOURS

GREAT SALT LAKE DESERT 88773
115.20 114, 6 4 113, &
ontour

the acfc



Adsinemmand e e

AT

3.2 S~194 Observations

Simultanaous with the $=193 measurements discussed in the previous section,
passive L~band (1.4 GHz) data were ocquired du.ing the same passes over Utah, The
radiometer was nadir=tooking having a circular footprint approximately 117 km in
diameter. Ground distance covered between consecutive measurement points shawn in
Figure 10 is approximately 7km, producing about 94 per cent overlap, The measured data
are plotted In Figure 11 as a function of distance from the center of a reference foot-
print. This plot represents a convolution of the ground brighiness temperature (TBS)
spatial voriation with the antenna power pattern as the latter is swept across the lest
site olong the subsatellite trazk. Before crossing the desert boundary on' the.western
side, the S-194 radiometer recorded a constant brightness temperature of 260°K for
footprints 1 through 9. Between footprints 9 and 26, whose centers are sepo/ated by
approximately 115 km, the brightness tempetapire dropped to a low of 202°K, after
which it remalned unchanged over the next 20 km and then it increased to a value of
252%; over the ecstern section of the test site, With a 94 per cent overlap between succes=
sive footprints, the fast rate of change of the brightness temperature as the antenna beam
swupt across each of the two boundories of the desert, signifies a much fester rate of
change of the ground brightness temperature (TBS) spatial distribution in the direction
of the satellite track. The combination of S~193 and 5=194 observations suggests
that the lowest Tpg value of the desert center at 1.4 GHz must be much fower than
202°k.

Fullowing the same basic procedure os described above, data recorded on
Pass 16 (August 8, 1973) are shown In Figures 12 and 13, Figure 13 shows a plot
similar in shape to the plot shown in Figure 11 although having a slightly wider
range of TB: west of the desert TB*‘ 270°K, east of the desert TB=‘ 260°K and over
the desert the lowest Tp recorded was 1959K. The difference between the brightness
temperatures corresponding to footprints on the western and eastern sections of the
test site (10°K) is comparable with the difference observed for Pass 5 (89K), yet the
absolute value is higher by about 10°K. Since the reported air temperature for Pass
16 is only 2°K higher than that of Pass 5, the 10°K increase in absolute value must
be, for the most part, attributable to differences in the topography due to the ground
separation of the two passes. The low of 195°K is atiributed to partial contributions
by the Great Salt Lake.
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In support of Pass 16, aircraft data was acquired by NASA using the L-band
portion. of the Multi Frequency Microwave Radiometer (MFMR) on August 10, 1973,
two days ofter the test site was traversed by Skylab. The course flown was a straight
line from 41.275°N, 113.899°W to 40,843°N, 112,992°W, which crosses the
desert along o line close to the subsatellite track of Poss 16 [INASA, 1974],
Figure 14 is a Skylab photographic image of the northern part of the Great
Salt Lake Desert on which the course flown by MFMR is indizced. Also shown is a
plot of the brightness temperature recorded by the MFMR instrument which indicates
TB values ranging between 285°K and 303°K over the mountains on the two ends of
the pess and over the New Foundland mountains approximately half~way in between,
In comparison, the brightness temperature of the desert portions.of the pass are generally
lower by 150°K or more. The lowest recorded Ty value wos 93°K.

»

3.3 Nimbus 5 ESMR Observotions

The Nimbus 5 satellite launched on December 11, 1972 carries an Electrically
Scanning Microwave Radiometer (ESMR}).
The ESMR consists of the following major components: [Wilheit, 1972]
a) A phased array microwave antenna consisting of 103
waveguide elements each having its associated electrical
phase shifter. The aperture area is 83.3 cm x 85.5 cm.
The polarization is [inear, parallel to the spacecraft

velocity vector.

b) A beam steering computer which determines the coil
current for each of the phase shifters for each beam position.
c) A microwave receiver with a center frequency of 19.35 GHz
and an IF bandpass of from 5 to 125 MHz; thus it is sensifive
to radiation from 19.225 to 19.475 GHz, except for a 10 MHz
gap in the center of the band.

The unit is arranged to scan perpendicular to the spacecraft velocity vector from
50° to the left to 50° to the right of nadir (in 78 steps) every four seconds, The beam
width 15 1.4° x 1.4° near nadir and degrades to 2.2° crosstrack x 1.4° downtrack at the
50° extremes. For a nominal orbit of 1100 km.alﬁtude, the resolution is 25 km x 25 km
near nadir degrading to 160 km crosstrack x 45 km downtrock at the ends of the scan,
The satellite orbit is polar with noon and midnight equator crossings.

25
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MFMKE BRIGHTNESS TEMPERATURE VASIATION
ACROSS THE GREAT SALT LAKE DESERT. UTAW B/10/T3
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Figure 14, Skylab photographic image of the Northern portion of the
Greot Salt Lake Desert on which MFMR coverage on
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There is an empirical correction applied to the data for the off nadir beam
positions, this correction is designed to eliminate the angular variation of bright=
ness temperature over the ocean, To minimize the effect of this correction and

the degradation of resolution, the analysis in this paper was primarily restricted to
data from nadir angles of 30° or less.

A contour map of the ESMR brightness temperatures for the Great Salt Lake area
is shown in Figure 15 with the outlines of the lake and desert indicated for reference . The
brightness temperatures over the lake are not as low as those observed over the ocean (less
than 140°K), because the width of the lake is comparable to the resolution of the instru=
ment. Thus it is unlike[y. that the minimum over the desert is as low as it could be. The
minimum Ty observation over the desert is about 70%K fess than the surrounding areas,
which were up to 280°K. On the following night, the minimum over the Great Salt
Lake Desert was about the same while the observed brightness temperature over the
surrounding desert dropped to below 260°K. Similor maps were produced for the area
on o several per month basis from June, 1973 to December, 1974, The minimum
brightness temperature observed over the desert is plotted as a funckion of time for that
period (Figuu:e 16). For comparison the brightness temperature of a spot (40°45'N x
114%45'W) 60km west of Wendover is also plotted to indicate the type of seasonal
variation that might be expected for the usual terrain outside the desert area, In
general the brightness temperature for this location varies rather smoothly from a
maximum of 280°K in July and August down fo a minimum of 24G°K for January and
February and appears to repeat from one year to the next. The minimum brightness
temperature over the Great Salt Lake Desert followed a similar sort of seasonal variation
with its maximum occurring in July and August. However, the minima were in November
in response to the fall rains during both years. There is a significant difference in the
level of the brightness temperature for the summers of 1973 and 1974. The minimum
temperatures cbserved over the Great Salt Lake Desert in the summer of 1974 were
20°-30°K higher than those observed during the summer of 1973. The roinfall
during the summer of 1974 was only 50 per cent of normal while in 1973 it was slightly
above normal, The average monthly rainfall for eight stations surrounding the basin
is shown as bar grophs on the bottom of this figure and clearly indicates this difference
in rainfall for the two summers. The response to the heavier fall rains of November,

1973 and October, 1974 is indicated and in particular the lowest brightness temperature
was observed on 18 November 1977 when more than 1 cm of rain waos recorded at the
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ESMR BRIGHTNESS TEMPERATURE CONTOURS
GREAT SALT LAKE DESERT 6/5/73
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Figure 15, ESMR brightness temperature contours, 6/5/73.
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tempercture (o) of the reference point outside the desert (indicated in
Figure 11).



eight stations, It appears that the radiometer may be responding to a combina-
tion of surface water resulting from the rain and a rise in the level of the water
table.

There are several other areas of the world which have similar geological
features, e, g., the salt deserts of Bolivia; the Salar de Coipasa and Salar de
Uyuni., These salt deserts are at the southern and lower end (altitude = 3660 m)
of the drainage system of the great central plateau or Altiplano region of Bolivia,
Thus the topography of these deserts is similar to that represented in Figure 2
with high mountains (5000-6000 m) on the east and west sides of the plateau.
Because of the size of Salar de Uyuni (100 x 120 km), it is possible to have ESMR
resolution elements looking only at the Salar,

Figure 17 is a ESMR brightness temperature contour map of 'this area for
6 June 1973, Again the salt deserts have a much lower brightness temperature
than the surrounding areas, The lowest brightness temperature observed dur-
ing this pass over the de Uyuni was 165°K, This is comparable to the lowest
value observed over the Great Salt Lake Desert after a rain,

The temporal variation of the minimum brightness temperature for the
Uyuni were studied from January 1973 to March 1975. The results are plotted
in Figure 18. The brightness temperatures of the Salar de Atacaria south of the
Uyuni are plotted for compa.rison. The Salar de Atacama has a distinctly differ-
ent hydrologic behavior with no evidence of flooding. The brightness of this
locution has the seasonal pattern cbserved in the Utah case, its brightness temp-
erature generally ranged from 240's in the winter to the 270's in the summer,
The brightness temperature for the Uyuni displays an interesting seasonal vari-
ation. In January of each of the 3 years there was a sharp 50-60°K drop in
brightness temperature occurring around 10 January each year and the bright-
ness temperature remained low {(<160°K) through the end of March., This ap-
pears to indicate the onset of a rainy season during which time the surface of

the Salar de Uyuni would be partially covered with water. This is supported by
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ESMR BRIGHTNESS TEMPERATURE CONTOURS
BOLIVIAN SALT DESERTS 6/6/73
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Figure 17, g;r/%:righIhess temperature contours of the Bolivian salt deserts,

31




the Salar de Uyuni and the Salar de Atacama.
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Figure 18. Temporal variations of the minimum recorded ESMR brightiness temperature Ov€-
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the precipltation data for Oruro (18°8, 67°W), tha closest atation listed in the
Monthly Climatiec Data for the World, which indleate that the summer is the
rainy period for this area,

The low brightness temperatures observed in early June 1973 and early
November1974 appear tobe transitory events, i, e . following aheavy rain, The
brightness temperatures in these instances remained low for only 4 or 5 days
hefore rising sharply. Unfortunately, detalled rainfali data are unavailable for
verification,

The brightness temporaturee observed for December 1873 (<230) were
about 10°K less than those for December 1974. This perhaps indicates that 1974
had been a drier year than 1973, but there is no rainfall data to verify this.

There have been 3 Landsat I passes over the area: August 1972; October
1972: and March 1973. The first two were before the Nimbus 5 launch and were
for the dry period; the third one was during the period when the'ESMR was mal-
functioning. This last pass was the most interesting because of the indications
of water along the northern and eastern shores of the Salar, The ESMR data for
March of 1974 and 1975 indicate that a larger portion of the Salar is covered
with water than indicated in the Landsat imagery of March 1873,

The brightness temperature of the Salar during the dry season of the year
is in the 220~240°K range, aﬁd is at least 20°K lower than the surrounding ter-
rain. The gradual raise o.f brightness temperature from September to Decem-~
ber of each year is perhaps the result of a gradual lowering of the watexr table.

This behavior is similar to that observed over the Utah desert.
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4.0 CONCLUDING REMARKS

v

Comparison of the microwave data acquired by Skylab, Nimbus and MFMR

with the availeble information on the hydrology of the Greot Salt Lake Desert suggests
the following conclusions:

a)

b)

Subsurface water exhibits a strong influence on the measured
scattering cocfficient and brightness temperature, particularly

over the central part of the desert where the water table iz the

closest to the surface. Although this influence is clearly discernible ot
13.9 GHz and 19.35 GHz, it is most pronounced at 1.4 GHz;

over the desert the minimum recorded brightness temperature by

the L~band channel of the aithorne MFMR radiometer was 93°K

in comparison to 285°K=303°K over the mountains.

According to the calculated emissivity of saline sotl (with 150 ©/o0)
at 1.4 GHz {Teblo 1), it is not surprising that the 93°K brightness
tem perature recorded by MFMR is lower than the brightness temperature
of water at the same frequency and ground temperature, For T_=
296°K, Tps = EssTg = 80.65%°K. The presence of the surface ?ayer
above the brine increases Tpg to @ higher temperature .

The configurations of the brightness temperalure contours of the S~193
radiometer und the Nimbus 5 Electrically Scanning Microwave
Radiometer are in agreement with the reported variation of the depth
of the water table below the surface between the central part of the
desert and the desert margins.
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