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I BACKGROUND

Att‘empts td rheasure soil moisture by microwave .radio-
zhetry were made by the‘National Aeronautics and Space
. Adrninistra.tion (NASA) iﬁ a series of flights over the Iniperial :
Valley:of Southern Califofniz_i during 1968. A correlation was
sought' between brightness temperature obtained with a
© 19,35 GHz eiectrical écanning microwave radiometer and
soil moisture estimated fr.om‘i;lfrared c‘:olor'prints and
infrared Ektachrome transpa.ren'cies which Wére taken at
fhe same time. This datva. analysisapi)ears in the Final
.- Report for Contract No. NAS5-21612 entitled, ”Airl-aorne
Miqrowave Radioﬁletric Data.Analysis, '"" prepared in
1971. Recommendations in that report proposed, among
“other things, .tha't future studies include ground truth data. _
on soil mpisture;

In 1971, NASA conducted a series of overflights
. at Imperial Valley, California; Phoenix, Arizona and
Weslaco, Texas. | On the day of the flights, ground crews
'»épllected soil samples aﬁd took notes on vegetation
and soil conditi;)ns of selected fields along the pre-
determined flight path. Percent moisture in each of

the samples collected was determined. Procedures for

/
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‘ sbil cqllection iand.moistureé analysis together with a com-
.piiati'on of g;‘ound truth data obtgined during flights over
| Imp.er‘ia‘l Véﬂey and Phoenix have been reported in thé
Final Repborvt for Contréét Né. NAS5-21610 entitled,
"Soil Mois'tu're Grbﬁnd Truth Data for Correlation with
N[icréwave Radiation Data, " also prepared in 1971.

~ This report.cpntains the results from the 1.5 cm,
19, 35 GHz eiectrical séanning microwave radiometer
-, - which was one of the instruments used during the 1971

flights.
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- 10, | METHCDS OF ANALYSIS
Raw data collected dériné the flights were processed and
' analyéeci-;by Biospheric‘é Incorporated. _Thé déta included:

1. Computer printout of the microwave brightness
tempefatur’es,which correspondedl to Greenwich
mean time in seconds,and the radiometer scan
angle.

2. Flight log from the Convair 990 flights.,

3. LR. transparencies taken at 10 second‘intervals
from fhe Convair 990 and marked ﬁth Greenwich
mean time in seconds. The camera angle was
fixed pérpehdicular to the plane at level.

4. Irrigation and topogra;phical maps of the test
areas;'

The procedure used to locate the miérowave data with
respect to designated areas on the ground was as follows:

1. Tﬁe éenter of each L. R. t-ransparervlcy. was
located and a point cérrevsponding to this center
was made on topographic and/or irrigation
maps. Connection of these points resulted in
the flight path which cérresponded to ze1;o

degrees of scan of the radiometer.
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2. < Each of the I R. transparencies bea;s a
Greenwich mean time designation; therefore,
“each point marked on the topographic or
ir‘rigat.ion maps is assigned ﬁhis time
reference,.

3. A scale corresponding in overall 1engtﬁ to
the distance between connective marks on
the topographical or ifrigation map (marks
establish‘.ed by I. R, transparencies taken at
10 second intervals) was prepared. This |

. scale was then marked at equidistant,one
second intervals. Designated test fields
»could, therefore, be located with reference -
to a specific series of Greenwich mean time
designationg.

4, Perpendicular displacement of the designated
test fields from the established flight path was
measured on the map. This distance and the
altitude of the plane, taken from the flight
log, were used to calculate the scan angles
of inclusion for the designafed test fields.

5. The information obtained in Steps 3 and 4

was then used to outline the boundaries of
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the field 6n the 66mputer printout 6f the microwave
data. The.se,boundaries were furt‘herAco.rrected

by obser§ation of irregularities such as buildings, |
standing water, etc., which occurred in the L. R.
fransparencies of the test fields.

__An examplé of an irrigation map showiﬁg the flight path
and designated test fields ‘is shown in Figure 1. The location
of microwave data on the computer printout which corresponds
to these test fields is shown ir;t Figure 2.

It should be noted that the flights conducted during
1971 were p.arallel. to access roads and adjacent fields and
almost directly above the test fields. This flight path 'greatly
simplified the location of microwave data since these data
now appeared in rectangular blocks rather than the skewed
shapes determined in the 1971, NAS5-21612 Report. Fields
directly below the flight path also provided the maximum

number of microwave points per unit area field.
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I  RESULTS

B;ightness temperatures contained in iﬁdividual fields
vw‘eAre averaged and the standard deviation calculated. Appendix
.I of this report contains the data which were obtained during
the 10, 000 foot overflights of Phoenix and the Imperial
Valley on 25 February 1971.

-Brightness temper'ature.s and soil moisture results
obtained during 3, 000 fpot flights o‘ver' Phoenix, Arizona;
Imperial Valley, Ca]ifornia‘and Weslaco, Texas are al.so
included as Appendix II. These data were supplied by
>the Technical Officer, Dr. Thomas Schmugge at Goddard

Space Flight Center.
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IV. - DATA CORRELATION

Co'mpute'r analysis of the data was made to determine
thé-correlation between microwave brightnéss temperatures
and‘soil moistures.

A. All fields from Phoenix and Impe.rvial Valley
were assigned a 14-ci1aracter descriptive code. The code

provided a '""'yes' or '""no'" selection 6f test fields so that individual
categories of fields could be correlated. The selecfion
code consist_ed of the following criteria:
1. Bare
2. Vegetated (grea’;_er than 50 percent coverage)
3, Vegetateci (less than 50 percent coverage
includes young plants and stubble)
4, Leveled (includes disked, plowed, bordered‘, »
land planed)

5. Furrowed

6. Loam soil
7. Laveen loam soil
- 8. Sandy loam soil

9. - Clay loam soil

10. Sandy clay loam soil
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11. Soil moisture sampling done on the same day
as the overflight

12. Clodd.y (plowed fields were also assumed to
' be cloddy) :

| 13. Imperial Valley
14, Phoenix
B. Computer cé.rds were prepared for each field.
Each card contained the above selection criterion code and
ail soil moisture determinations and brightness temperatures
which were obtained for that field. The following data was

programmed:

Microwave Brightness Temperatufe
X1 Phoenix, 3,000 ft. 2/25/71, 4:57 - 5:11 p.m, MST

Imperial Valley, 3,000 ft. 2/25/71, 2:15 - 2:34
p.m. PST :

X2 Phoenix, 10,000 ft. 2/25/71, 5:15- 5:27 p.m. MST

Imperial Valley, 10,000 ft. 2/25/71, 2:45 - 3:01

p. m. PST

X3 Phoenix, 3,000 ft. 3/1/71, 1:33 - 1:46 p.m. MST
Imperial Valley, 3,000 ft. 2/25/71, 5:00 - 5:25 p.m.
PST . o

Soil Moisture

Y1 Phoenix - samples collected on 2/23/71 or 2/25/171
Imperial Valley - samples collected on 2/25/71

Y2 Phoenix - samples collected on 3/1/71
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A computer taﬁulation of all data which were
analyzed is included with this report as Attachment I.
Plotting and statistical handling of the data were done by
computer., A program was written which assembled a11.
data corresponding té a requested selection code and
provided the f'ollowing:

| 1. Tabulation by field nuniber of data which
corresponded to the desired selection code.

2. X vs. Y plot of data including leést square
regression iine.

3. Equation of the least square line including
algebraic values necessary for calculatic;n
of‘ the line.

4, Cor;‘elafion coefficient.

5. Standard error of eétimate.

Each computer plot has been given a two or thrée digit
chart number which identifies the data group. '/I‘he first one
or two digits indicates the request n'umber (see Table 1).
Thé last digit indicates the X vs. Y data match.

Results of the completed statistvical analysis of requests

1-16 are given in Attachment II and are summarized in Table 1.

A good correlation between microwave brightness temperatures
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“and soil moisture is given by a negative number whi.ch
approaches -1.0.

| - Good correlation was obtained for the 3,000 ft; over-
ﬂight.s.' However, some selection criteria appeared to
.be_better than others. Much better results were obtained

at Phoenix.than the Imperial Valley. Correlation data

were also much better on 25 February 1971 when only the
soil moistures from samples éollected that same day

werre included.

Data collected at 10, 000 feet showed little or no
correlation and the presence of vegetation appeared to
.reduce correlaﬁon greatly.

In view of the fé.ct that the 23 February 1971 sampled
fields showed decreased correlation, it was decided that
fields of a given surface and soil texture which showed the
best correlation should be rechecked with the 23 Februaryb
1971 samplings excluded. The results of this second
analysis are shown in Attachment III ‘and are summarized’

in Table 2.
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" Table 2

Correlation Cdefficient for Selected
Field Types Sampled at Phoenix on 2/25/71

- Correlation No. " % Moisture
Request No. - _ Coefficient Observations o Range
17 Bare, furrowed -0.87 (21) 1,9 .27
18 Bare, leveled 0. 85 (31) | 3.1 - 33
19 Bare, loam ~ _0.88 (13) 1.9 -25
20 Bare, la;veen loam: -0.29 ( 5) - ' 0 3.9-8.4
21 .Ba.re, sandy loam - -0. 95 ( 8) 3.1 -7.9

22 Bare, clay loam - -0.82 , (25) 4.6 - 32.8
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All field types showed'» improved corre.lati.on over fhat of
g the initié,l analys_is; Thé soil sﬁrAface conﬁguratidr; did not |
appear to affect the correlation céefﬁcient which was -0. 87
: aﬁd -0. 85 for furrowed and leveled fiélds -respectively;_‘ Both‘
~ of these field tﬁe groups contained appro:cimétely the sé.me
fange of soil moisture. Of the four soil types which were
complired, loam and clay loam showed correlation \}alues
similar to those obtained for the furrowed and leveled fields. -
The laveen loam and sandy loarﬁ showed correla.fion co-
efficient of -0.29 and -0.9‘5 respectively. ngever, both
of these latAter grbui)é had relatively few'oi)servations which .
represénted only ab narrow range of soil moistures. The - |
- correlatign coe.fficient is probably indicative of.scat'ter
~in the data.

Some of the data obtained during thié étudy appeared
to follow a biphasic curve. In some cé.ses, soil mois.ture
concentrations below ten.percent did not appear to cdrrelate
as well with Brightness temperature ’as those which ranged -
abovg ten percent moisture. It has been theorized that
tightly bound water (a condition which occurs below the

wilting point of soil) does not emit microwave radiation
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.similarly to uﬁBound water. It might be exf:ected, theréfc_ﬁ:e,
that the correiation‘ bétween- microwave brightnes‘s‘ temperature
aﬁd soil moisture Wo‘uld be better if only those fields contain-
ing unbound water were included in the analysis.

In order to test this possibi].ity,i an additional computer
- analysis was Amade iI; Which soil moisture data of less thé.n ten
' pefcent was rejected. The results of this analysis are shown
in the compﬁter printout (Attachfnent IV) and are summarized
in Table 3. None of the field types showed significant
improvement in the correlation coefficient and most showed
decreased correlation. It appéars therefore, either that the
microwave brightness temperatures correlate at low soil
~moistui‘e concentrations or that shortening the raﬁge of
~ soil moisture values emphasizes scatter in data suffi;:iently
to réduce cofrélatioﬁ. At least for one field type (Charts
171 and 211, bare, sand'y loam, Phoenix) shown in Figures
1 and 2, good correlation was obtained for low soil
moisture fields. For these fields, the slope of the curve
for soil moisfures ranging from thre'e to eight percent was
very similar to the slope which égcurred when the plot
inéluded fields of soil moisture which ranged from two to ‘

30 percent.
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V. CONCLUSIONS

On the basis of these analyses, three major factors appear
‘to affect the correlation between soil moisture and microwave
brightness temperature. They are:.

: l.f Altitude of the Aircraft - Good correlation Was

obtained during 3, 000 ft. overflights of severallfield types.

~ However, this‘ sarﬁe group of fields showed no correlation or
‘poor correlation when sensing was done at 10, 000 ft. on the
same day as the lower altitude overflight.

2. Ability to Obtain Representative Soil Samples -

Soil moisture determinations ﬁerformed on samples which were

- not collected on the same day as the overflight, did not éorrelate
well. It was also found that cloddy or freshly plowed fields .
showed no correlation. These fields would contain a mixture

of wet and dry soil which is very difficult to éample. The

time of éampling in respect to the time of sensing ma,j be

very important and should be considered in future analyses.

3. Vegetation - The loﬁv :;xltitude flights ovef fields
with > 50% vegetation coverage showed poorer corr‘elation
than bare fields.

" Two factors which did not appear to affect the correlation

were:
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 1.' » Soil Texture - There were not sufficient data available
 to allow for statistical analysis of the effect of all major soil types.
‘However, loam, sandy loam and clay loam ali showed good corrélation.

2. Surface Configuration - Furrowed-fields andvlevéledi

- fields both showed similar 1eve1$ of good correla.tion.

It should be mentioﬁed that the 'daiv:ab analyses Which were
_pefformed and resulting conclusions are the result of unbiased
;:handling of all tﬁeb data. Little vor no effort was n.1ade'to-. é.tt_empt
‘a point by point exanﬁnation of data which’feli outside the
‘general péttern‘of scatter. . Exclusion of some of these points
wéuld definitely improve the correlation.. However, insufficient
-descriptive informétion on individual fields exists to'allow.for
| legimate rejection or adjustment of most of these points.

The data obtained at Phoenix on 25 February 1971 is
better than for other flights at Phoenix or flights over the
Imperial Valley, Califérnia. No explanation for this |
difference can be made.

Re spectfully submitted,

J. Rudolph Schrot, Ph.D.,
Project Director

Approved:

Gilbeﬁ‘t V. Levin, Ph. D., Pre‘sident



APPENDIX I

Microwave Brightness Temperatures Obtained

" With 19 GHz Scanning Radiometer During 10,000

Foot Overflights of Phoenix, Arizona and
Imperial Valley, California on 25 February 1971
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P A3115cb
P A3115cc

P A3122bc
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P A3122cd
P A3128ad
P A3128da
P A3128dd
P A3128db

- P A3127bd
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Microwave Brightness Temperatures Obtained During 10,000 Ft.
0verf]1ghts of Phoenix, Arizona and Imperial Valley, Ca11f0rn1a
4 - on February 25, 1971

Brightness Temperature (°K)
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o TSI R Br1ghtness Temperature ( K) : »
Field R S Mean Va]ue Standard ~ Number Po1nts/

- Number  ~Location -~ - " 'For Field =~ '~ 'Deviation . Field
4 A P2110ca. - - 261.2° 7.0 9
42 ‘P A2116bb - . 258.1 - 8.0 -9
43 P A2116bc 2 271.8 . 6.4 .9
- 44 P A2116cb . 239.3 " 14.8 9
- 45 - P A2116cc .- . - -248.7 - .. 7.9 9.
46 . P A2116cd - 262.6 4.4 9
- 47 P A2116ad - - - - 267.9 © 5.2 9.
48 P A2116db ana 4.2 -9 .
- 49 ‘P A2116da = = . 257.4- 10.3 9
50 P A2115cc - . 261.8 9.8 9
51 P A2115cd . - - - s
52 P A2121ad L -
53 - P A2121ac R B
54 .. P A2127ca S o
b5 . P A2128da -~ = 263.8 2.9 13
- b6 P A2128db 7 266.6 4.7 13
- 57 P A2133bb . 257.0 - 7.4 9
58 P A213bc .. .- 269.3 5.5 8
. 59 P A2133ba- - - 249.2 5.6 9
60 P A2133bd _ 275.0 6.8 7
61 P A2133ab 26211 - 8.6 9
62 . P A2133ac 270.3 3.0 9
.63 P A2133db -~ - .. . 270.7- 4.8 - -9
- 64 -P A2133ad . 269.4 - 4.3 9
© 65 " P A2133da . - - 270.9. 7.3 9
' 66_ P A2134bc , 259.6 . - 4.4 -9
67 - P A2134bd , 267 .8 . - 3.6 9
68 P A2134ac - 274.5 6.2 -9
69 P A2134cd | - o
70 "P.A2134cc . _ 263.4 6.8 9
71 P A1104db 242.0 - 8.9 9.
72 P A1110bc o 249.2 8.1 9
73 P A1109da 248.6 7.0 12
74 - P A1109dd 255.8 8.0 12
.'75_ P Al1116bb 265.7 ‘5.3 9
76 P All116ba . 258.7 - 3.5 9
77 P All116ab t 256.1 2.2 9
78 P All16aa 260.1 3.7 12
79 P Al116chb 241.8 13.8 9
80 P Alll16dc 257.8 3.7 9
8] P All6cd - : 265.9 4.4 9
82 P Alll6cc , 262.6 6.3 8
83 P A1121bb 251.6 -16.6 9.
84 P Al121ba . 243.4 17.1 9
85 P Ali121ab 242.1 7.6 9
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Location

Al121aa
A1122bb
A1122bc
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A1128ca
A1128cd

All2sde

D1206¢cb
D1206¢cc
D1207bb
D1206¢cd
D1207ba
D1207bd
D1207ab
D1206aa
p1207aa
D1207ad
D1205bc
.D1205¢cb
D1205¢cc
D1208bb
D1205ca
D1205cd
D1205dc
D1205dd
D1204cb
D1204cc
D1204ca

D1204cd

D120%ab
pP1209ac
D1209aa
D1209ad
D1203bb

Mean Value
,For Field

-+ 236.
-~ 258,
- 276.
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.o, 260.
- 252,
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265,
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' 29.
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- 243,
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266.

260.
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265.
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268.
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266.
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272.
209.
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266.
269.
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' Br1ghtness Temperature (°K)

:- "Fied . - . ”} "Mean Value Standard Number Po1nt$/
-7 Number Location - ' 'For Field - Deviation Field
.. -131 . P DI203bc - . 265.2 4.4 -9
132 7. P D1210bb. - . 269.3 - 3.8 - 8
-~ 133 P DI1210bc- ..~ 269.8 3.1 9
©© 134 - . P'Dl203ba - 265.2 4.7 9
135 7. P DI203bd  © .1 265.3 3.3 -9
~136 .~ P D1210ba © o 267.8 3.5 -9
o137 - P DI210bd . - - 269.2 3.8 9
138 - P DI203ab . 270.8 3.3 29
<. 139 . P Dl203ac - - - 266.9 . 2.6 -9
. -- 140 .. P D1203db .. 267.7 5.1 -9
- 141 - P D1203dc - .- 265.8 4.8 9
- -142 ... "P-D1203ad o 213.2 3.2 9
- .. 143 . - .P D1203da . - 273.0 3.2 9
144 - 7..7P D1203dd . . 269.4 . 6.3 9
145 P D1201bb - . - "254.5 - 11.0 9
- 146 P D1201cb - . - - 261.9 - 5.1 9
. 147. - - P D1201bc = = - . 247.2 6.7 5
v 148 - P D1201ba . - - .271.8" 2.4 9
149 . P D1201bd =~ = -274.0° 4.7 -9
. 150 'P. D1201db . ©.267.9 3.8 9
© 151 P D1306bc - 266.1 4.5 9
152 P D1306bb - 257.4 7.1 9
- 153 . P D1306¢cb - 266.7 4.2 -9
154 . P D1306ca . 262.9 6.0 9
155 - P D1404ab =~ . 261.0 5.4 9
. 156 P D1404ac - - 247.2 4.4 <9
157 - P D1404aa -  262.3 3.7 -9
. 158 - - P D1404db =~ . = 255.4 3.9 9
159 ~ P D1404dd - 259.3 9.1 -9
160 P D1404dc - = 256.8 5.1 -9
161 P D140%aa - 263.7 2.5 9
162 : : '
163 P D1410ab 267.0 2.5 9
164 P D1410ac 257.6 8.3 9
165, P D1410aa 271.3 4.9 9
166- ~ P D1410ad 262.9 - 7.4 9
167 . P D14Tlcc 264.4 8.4 9
168 P D1402ca ‘ 268.0 6.0 8
169 P D1402cb - 264.1 8.4 9
170 P D1403ad 256.8 4.0 9
171 P D1403da 250.4 5.0 9
172 P D1411bb . 266.1 5.1 7
173 P D1505ca 250.4 12.4 9
174 P D1505cd -
175 P D1504bc 238.1 18.5 9
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Br1ghtness Temperature ( Kl

:'fe Field 5”5“"4""l:i5 E Meah Value Standard Number Points/

185
186

19

200

< - Number - Location - For'Field ~ - 'Deviation Field
- 176 “P D1504bb - 256;8 E - 4.3 -9
177 - - P D1503ba = - -~ 256.8 4.8 9
178 - - P D1503bd - 265.4 5.8 9 .
179 ~ P D1503ad - . 260.3 2.3" -9
180 ~ P D1502cb . - .. '268.9 . 2.0 9.
181 . P D1503da .. - 261.8 3.6 -9
182 P D1503db . . 268.3 4.3 9
183 - P D1503dc = 264.9 - 5.7 -9
184 ~ P D1503dd o 262.0 3.0 9
P D1510ab T 263.7 6.3 -9
S " P D1510aa .. 258.8 2.1 9
187 ... P D1510ad = .  260.6 . 6.4 9
.- 188- P D1511bb c o 253.6 - 9.1 -9
189 - P D1511ba =~ - . 270.8 3.8 -9
- 190 P D1511bc ... 248.8 - 9.8 9
191 P D1511bd - w2721 4.8 - 9.
192 P D1511ac _ 270.1 - 2.5 -9
193 . ¢ P-DI1511ab ~ . - 272.1 4.8 -9
194 . P Di51laa . " 262.3 8.8 9
195 ~ P DI51tad . 270.4 4.2 9
: ‘P D1512ad - . 268.3 4.4 9
197 . PD1512a - . .- - 270.2 3.2 9
- 198 - P D1505¢cb - = 263.8 7.6 9 -
199 - P D1606bb - - 256.7 5.3 S 9.
- P D1607ba o 269.3 2:1 9
201 P D1606dc - . - 271.2. 2.8 9
202 P DiI606dd - 274.7 4.0 9
203 - P D1607aa - 267.2 4.4 - -9
204 - P D1607ad - 253.7 9.0 9 .
- 205 P D1606da : 269.3 4.9 7
~ 135A P D1203ca 264.0 2.7 9.
207 IV 1 - 261.8 - 12.0 17
208 . IV 2 1268.0 7.1 21
- 209 IV 3 ' 257.0 13.0 21
210. IV 4 -~ 248.8 9.7 21
217 IV5 S 250.4 5.8 21
212 IV 6 ~ - - 261.4 9.8 28
213 v 7 260.8 5.9 24
214 Iv 8 257.4 5.0 24
215 IV 9 ' 257.6 4.9 19
216 IV 10 266.5 7.0 22
217 IV 11 273.9 6.1 26
218 IV 12 - 274.0 6.6 20
219 IV 13 269.0 11.5 18
220 IV 14 269.8 10.4 18
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T * Brightness Temperaturé.(°K)' RN
7 Mean Value Standard Number Points/

CField oo , »
~ Number - Location 'For Field =~ Deviation _Field

Sl o IV 5 oo 26l.
opp2. o INI6 L ol 279.
223 v 17 21k,
g2 IVI8 T 266,
“e25 - IV19 T - 260,
o226 o IV20 .. o 212,
S22 w21t 278,
G g8 IV 22 7 258,
29 - IV 23 263,
o230 0 IV 24 T 269,
~o o231 o Iv2s . 268,
320 IV 26 270,
o233 w27 o oo,
Y234 . Ive8 . en.
235 V29 267,
236 CIV30 - . 258,
237 W31 262,
238 w32 . 267,
239 - IV33 . 269.
240 V3 - 255,
241 - IV35 - 266.

S 242 V36 - - 269.
243 IV 37 272,
“loa4- IV 38 - 236.
o45 - IV39 - 279,
246 - IV 40 o 267.
247 IV 41 265,
248 - IV42 269,

249 v 43 . 275.

- 250 a4 270,
251 v a5 270.

- 252 IV 46 273.
253 IV 47 » 229.
254 - v 48 - 234,
255 va o 272.
256 IV 50 - 2n.

(=) T .
OOV RANOLSERNBRNNNORNOUNT.DOON
. - . ] * ) - - . ] . - - [ ] - (] ]

PN PO WRNOWNNNORRENONPONNPWRBNNWNN OO W

O~ SO OIOIN

NN

Phoenix

B.
P o
V = Imperial Valley



APPENDIX II

o Microwave Brightness Temperatures Obtained with the 19 GHz
' Scanning Radiometer from 3, 000 Foot and 10,000 Foot Overflights of
: Phoenix, Arizona; Imperial Valley, California and
Weslaco, Texas During 1971
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~ The characteristic code which appears with these data was used in
order to select and analyze certain field types by computer. The 14-
character selection code is broken down as follows:

111111111111 1 1--Phoenix
' L_Imperial Valley
--Cloddy or freshly plowed
~--Moisture samples collected
same day as overflight
--Sandy clay loam soil
--Clay loam soil
--Sandy loam soil
'~-Laveen loam soil
--Loam soil
--Furrowed
--Leveled .
--Vegetated (<50% coverage)
--Vegetated (>50% coverage)
--Bare field : _

Sample fields for Phoenix are numbered consecutively 1 - 205 including
135A as number 206. Imperial Valley fields, 1 - 50, correspond to numbers
207 - 256.

Microwave Brightness fémperétures Obtained DUring
3,000 Ft. and 10,000 Ft. Overflight of
Phoenix, Arizona on 2/25/71 and 3/1/71"

- Mean Brightness R
Temperature (°K)  Soil Moisture (%)

Field 2/25/71 2/25/71 3/1/71 2/25/71 Characteristic
No. 3,000ft, 10,000ft. 3,000 ft. 2/23/71 3/1/71 Code
D e e e e 26T 46 e 259 T - A0 46— 16,7 1000100000160
2 : : 257.1 258.3 17.0 l4.0 1ou0l0000OLI0U]
~ 3. 264,06 o250 B 26365 i B T 100 LIV 0O0OVUL GO
4 237.7 255.5 254,0 9.6 T 16.2 10LOLGOLIVIGOL
S s 298 @ @ e P0eB ... 100010U010V100]
6  267.6 264.6 263.9 5.8 44,3 10010001001001
7 . 269.5 . 27343 . 23040 .. . 6.0 la.,7 1601000GLOUUOOL
8 21640 274 .4 208.2 5.6 3.7 10Ul000luguDdtl
L9 27548 . . 27041 . ... 209G i DY .o Geh 10U0LULLI0OULOVI
10 _ 268.9 S.7 1UUuluuluuool
11 - 255.3 - .. 270.7 2035 .. - - 15.2 .- 2.7 1ounliluvoouvul
12 26u.9 261.6 265.5 13.4 16,9 Luvel106u0uounl
13 21143 269.9 .. 26847 - e g8 1 LUU01100000O0L
‘14 2121 2te.7 265,06 14,3 13.9 louotoouulioonl
15-'-»-~~» 209.0 s e 269.0 ——-m-—--—--»Zb]0-0—-----———~ -—4--~6o~7—-——— I . P 1 IUUOLOOULUUUUL
16 . 24,7 . 264.3 - 2b06,.1 6,9 b.U 1vul0001YNLLIOL
17 - 2751 o 20648 el 26445 Ol .. H,U 10ULUDUIUVLOULO0L

18 263.4 261.2 10UL0L000V0G]
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Mean Brightness

Temperature (°K) Soil Moisture (%)

Field 2/25/71

' 2/25/71 3/1/171. 2/25/71 Character1st1c
- No.- 3,000 10,000 . 3,000 2/23/71 -~ 3/1/71 Code
19 e 296.3 .. . 249.3 ... 52 ... 1000110000000
- 20 . 247.1 261.5 23.1 : _10001000100001
21 e e 25063 25 el 2 el .. 100U0100010000L
22 -260,8 ' 100011000v0001
:23-w«~270.02m~u~260 1-~-.251 1. 7.1 6.5_.40ul000ivovD0l
24 258.5 264.8 259.0 .21.3 15,3 L0uolovivooouol
- 25 25009 - 26T 0l 25941 18,3 16.,8.-1000100100000L
26 271.0  264.2. 238.2 5.8 1ou0100l0u00ul
2T e e 2590 L 23241 4,4 Louoloulioovuoul
. 28 269,3 266.7 . 2617.6 19.0 17.2 tovotoounloveld
29 e 267.3.._~,257.8_;mwmm_4.&M0_~,mn“~_JDUlﬂlUUOOOOQl
30 263,00 229.8 4,5 18.3 10U101060600001
- 31 L2687 .. . .26640 .. 26246 — . 7e2m 5.8 luvlovuluolovl
32 275.3 263.8 260.5 7.7 6.5 10UlGC0010106Y]
33 e e 860 @ B 256, 1 ‘ 13.6 _...louolooioulrlodd ,
34 270.3 - 255.2 16.9 ‘ 1ounivoGollool ..
35 .. .-276.3- 260,86 - 63,9 5.9 .5,0.1001000ULVLUDL
36 . ’ 279.4 250.,5 4,8 100010000L1001
37 265.7 - . 2684725702 e 1Be3 ol 0100000101001
38 . 273.8 2e8.1 213. 8 8.5 21.% 10vlu000101001
39 e o 2T e 1-~—-261 4.8 G 4o l0ulo00l0Llioul
40 269.2 8.3 1001000011001
4] o o 261 0 2 T3 S10ul0ucoiolool
42 258.1 259.4 14.7 luu0}io0uolion]
43 e 39 ¢ T 1. 305 _1000L0L00L100L
44 239.3 243,7 26.6 10010000101001
45 o e e 2148 g T 2664 3- luovlooualoloul
46 264.5 262.6 257.1 19.1 vlvu0l06Goluloul -
G e e 26T 89 ——— 25841 w8 T — VIV VISR RIR  YiA ]
48 375 7 271.1 265.3 6.9 5,9 1001000010 LLU]
49 - 27548 257 ol 26lg 6o e o B o060 7. L0UU10000 10 L1OL
50 261.8 15.9 32.1 0luloouululool
153 DRSPS ——18.4 ~13.9.01lu0lu001Uluol
52 198.7 . 243.,8 32.8 29.0 10uloGuulolonl
53- 201,22 «wﬂ——*_~_~~225,zmﬁwwﬂ_12.1~www~u29.1“10u100001000u1
54 10,9 . touolovuluoodd
. 55 - 246.5- - 263.8-——249,6—--~—25, Qoo 23.6..L0UU0L000LUUO0GL
56 245.1 266,6 246,.0 27.6 24,0 1000100310190901
;57m_m.,_wm_w_m-.257,0.w_”~w__~mﬂfﬂw;.@6,7w"ﬂﬂwm.m--.luUOLUueluuanl
58 269.3 . T.9 1ounluoulononl
59 2737 2649.2 - 26542 -6 40 605 LOUDLOVOLI0UV0OL
60 238.9 275.0 250.6 24,1 2a.% 1000100510100l
61 - 2715.2 - 26241~ . . e-b,U - 10V01000100001
62 . 276.5 270.3 270.1 8.7 7.0 10oU0f0001VO0O0DUL
63 - 241,.8 270.7 255.3 27.7 1uudlouoolulayl
64 272.8 269.4 267.5 6.4 6.7 10uU01000100001
65 249,5 270.9-. - 25843 w-n2lel 2206 1U00L0ULLULG0L
66 259.6. 265.8 6.8 7.1 10U01000100001
67 - oo 26T o8B e e T 0 B ~louo0touulooenl
68 274 .5 12.2 6.3 LUULO100GLIULODL
69 SR USRI DO IS ~Louloougliouool
70 263.4 266.7 9.2 fovlivounivuool
71 272.6 242 .0 27140 o .o 1667 . o =172 VULIVUVUGLIO00G]
72 ' 249.2 266,.8 13.4 9.7 10010000 I0ULGl
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4h4ean Brightness S
Temperature (°K) Soil Moisture (%)

Field 2/25/71 2/25/171 3/1/71 2725711 Characteristic
- No.- 3,000 - 10,000 3,000 - 2/23/71 3/1/71 ~ Code
73 .. 257.6 . . 248,6 .. -.258.3 20,0 ;;ﬂ__;w_ uluolouoxuuoul
74 - 26041 255.8 - 252, S © o 18.3 16. B UlUUIGVO10000L
IS i e 265 B ¥ I q___--_.___._.-,-lt)ulouOulUOUul.
76 - 234.6 258.,7 260, 1 28.6 25.0 10VU1V00010V100L
F7----251.5 - - - 250,1 .---2062.7 mn.~m29.o"mwmm-nwmuw10010u00101001
78 259.3 260,.1 263.6 28.3 20.2 10U100001G10vl
79 e e 261082226003 2005 gluludoGLloooud
T80 0 242.9 - 251.8 262.1 25,1 23,1 louloo00101001
81 226.8 - . 265,9 .. -.251.8.. 1. -.25.7. . . 2243 1yulouoolulonl
82 . 262.6 © 247.6 _ 7.7 23.3 loulooouolovoul
83 . .- : 251.6."_.u255.2..u»w~24.2__._m.18.7M10u100001u0001
84 256.3 T 243.4 260.0 22.2 179 louluovoluioul
85 ... 2372 .. 26241 260,6 —conn 251 ol lUu0lo00l0100E
86 261 .2 236.6 26U.5 18,3 . 10V1l0000100001
87 e e e 2584 O e e B B e e e Louloo00iooool
83 . ' 270, 6 , 6.3 10010000100001
89 .. 271 o2 — . I 1750 tulgoouuliool .
90 2¢6.8 : 260 1 233.6 . 27.5 . 160u01000011001
91 e 2520 324642 B2 e dOUOL00000100 L
92 262.2 . - -258.9 . 4.3 4,1 1ovuloooloolool
.93 uw*272.5,__:“239.bﬂwmuﬂzes.5-“_mmwas.L,m.ﬂ_u_s.o.1000100100101L
94 274.9  265.0 266.1 3.4 , 3.4 10001001001001 -
TS “267.3;m>m"abg.omm”,“”_3.0.”_wuw.q.4,10010001001001
96 : 269,.6 250,2 12,2 7.7 G010100100100UL
.97“_w,247.s;,_".249.3_ﬁ“_;260.5"_WM_W21.4“uuuummm"mm01u1010000100L
98 220.7 243.2 236.0 ©25.5 19.7 10001100001001
299 e - 23944 26509 6 gBoiceeee . 10ULO0V01010V]
100 27540 266.,0 . 267.8 6.l 5.0 lovliovouloliol -
SN} JE U ARSI -.*..--_.-.;.,_..__--A_'._...4-...-‘u...__..,.- QOUOUVVLVUULYDL
102 : T - © Q000000000100
103 . - e i e o e e e - ... 00UUVOOUVULVUL
104 267 7 : 260.,8 265,17 3.6 3.5 10U011000U01001
105 - 273.0- - 25648 o n26Telc o 303 2301 103011000 0L00L
106 257.8 265.6 - 252.6 3.3 4,2 100011000V LIVOL
107 ....212.8. . OBeZ o 26306 e H08ime o 36D 10010100001001
108 213.1 262.7 264 .4 . 3.5 T2.5 10u011000601101
109 oo oo . 26Be4 oo _wm_"_,um_s.z.M_”_»;2.6.10u01louuuu001
110 269,8 T 269.7 263 7 E.4 Ulunliouoouoot
SLLY e e RS, e -,“3,(),.A,.,.,,_H,.h...._‘._...‘_10010100()011(;1
112 268.7 - db9 a 2@0.3 2.9 G.4 1QUULL00001001
113 - e P66 P e - e 30 8o e e e 1000110000100
li4 266.7 266.7 264,6 4,6 ' 100U10100001001
115 - - 269.0 266,2. .- 26541- .~ 6¢3 . 5,0 00110100001001
116 2713.8 267.8 263.2 S.7 5.0 lovollocoulioct
117 - -26846- - 766 B 262 06 a1 0 g L .Q0ludllououloot
118 268.6 27¢.1 266.9 6.0 5.0 10Ul0luo00lliol
119 - - - 273¢7 - - 2684126748 - 5400 om e 5.0.10010100001101
120 267.3 266.2 264,11 14,6 22.5 Ulvluloouulott
121 - 274.1 - 265,3 - - 20848 - o =5 - 10,1 10010100001101
122 213.2 272.0 269.5 3.9 . 441 10VI00LuU00LIOL
123 - --272.3 - 26840267 ¢4 — 545 e 5,0 10010010001101
124 269.2 272.0 265.9 8.4 6.1 10UIVVIVGOLL1OL
125 273 .4 269,4 - - 209.,1 - 8,0 - 5.0 10Ul001000100]
126 26R .4 263.2 267.4 5.9 S.0 10U10010001001
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Mean Brightness =

o Temperature °K) ' Soil M-oi'sft_‘iz"eﬂ(%) o )
Field 27257717 2725771 3/1771 2/ 25771 Characteristic

~No.- 3,000 ° 10,000 3,000 2/23/7%  3/1/71  Code

127 - SSURIIP P10 I Rttt e S AU X 131 1Y 16601001

128 266.9 268.7 - 5.1 4.5 10V100100u0V0L
129 Lo 266.1 9,9 11.4 001010100000G1
130 o 269.0. .. - 4.9 100101000V0001]
13l —— 261 T 265.2__255.5 5.8 __loulgluogoudol
132 26Y.4 269.3 263.2 7.3 4,5 10ul00100V0GLGL
133 e - 2618 4,2 4.0, luu0lulu0oodl
134 , . 265.2 : 5.9 -10ulu100000001
135. ... 26R.3 ... 265.3_. . ...266s1— . 4.1 7.3 .10ul0ulduouool
136 267.4 2617.8 26l .4 4.8 4,0 10010010G00101
TL3T e 26902 e e e D0 b Llou0loluouvoul
138 0 270,8 _ o Se1 o 1001010000010
139. .-272.2 26609 26Tl B9 4.0 lu010LU0V0000L
140 272.9. = e6l.7 . 266,7 9.6 6.9 10ul01000000G1!
14L3»~~275.8--~m~265.8v-~m~2b7.2‘-—m—*_6.au_ 4,3 louluvvluuuuodl
- 142 2685.6 273.2 244,6 ) 7.9 11.4 U0101010000001
163 e 27446 -~ 27340 20) 46 el B2 3,9 100100 L00000U]
144 274.2 269.4 264,9 6.1 5.5 tounluloooudol
145 26040 o — 29409 — oo e S el o lpuloolugouoatd
la6 260.,0 261.9 212.5 4,5 S 18.0 1000101000001
147 e 24,2 .- o 2812 9905 e LeY e 4D lovlgolouovoul
- 148 271.48 ‘ ' 5.0 : 10vlvuolovoduul
169 2 273e5 . 274400 26246 B9 4.8 10U1001060VV001
150 271.3 267.9 260.2 4,6 4,0 10ulnulovuolol
»1514”m“259.b,;,ﬂ_266.1_m“__248.6w“w__w¢4.6-“,__;MMWA10u100100001&1
152 . . 2517 .4 L 49 3.2 lovloolocoulul
153 . ._.267.0 266725609 B9 43 1pu19010000101
154 265.0 262.9 255.0 5.4 3,7 10vl00loovuiol
A5G 261.0.. —_— 1.7 e lOuOLlLOL0ULLOL
156 274.6 241.2 264,.8 3.3 1.5 1000100100100
157 e o 2620 3 : : 8.9 10u0lu0v00L00tL
158 268.4 255.4 262.8 6.6 10010001001 00]
159 265,99 s 259, 3256 . 0 2.9 4.7.10u01001v0loul
162 275.6 . 256.8 263.1 o 3.1 A 1.6 10010001001001
-lblmmm«zﬁa,sw"“_“263.vmﬂmwrzsi.buwnhﬂﬁ_l.gnnﬂ_»mfl.b-JOUOL100001001
162 _ ‘ ‘ : | YOVOUOVOOGVLGD]
163 27640 - . .- 267,0 2630654240 110000001010V
164 257.6 4,6 o 10001luuviviool
168 - - 27162 -~ 27103 = 26035 e . o lebm e 342..10001000101001
166 . 262.9 . 4,7 10001000LUI001
167 . - 268l oo 26846 257 b ] 002 2221050001000 0101001
168 270.7 268.0 256,3 “11.7 113 V1vludvOl01001
169 - —-263¢i — - 266 1o 259 T =150 O 2. 1000000101001
170 256.8 8.2 1001b000101001
171 - —2564¢1 - 250 le 2524220088l 0LUL0VO001IVI00L
172 262.2 2b6.1 258.7 19.1 ULulvou0101001
173»—~w273.4-‘»~-250.4u~—u—260.6m~-_mm-9.9w_w“a-n8.4 tuulyu0oluioal
174 273.8 _ 261.7 8.4 7.0 10UlV000101001
175 —orie 2384 1 8.3 e 10V luo0OlVLOOL
176 256.8 \ ' 7.7 5.3 10uUlV0001U1001
LT T - ommme oo 256 ¢ 8 e _ Toti- luul0i00uu000l
178 269 .4 7.0 7.1 10U101060000001
179 - - 25R.9 2603 o 26741 oo 1848 o e 0011010000000

180 274 .6 268,9 261.2 5,1 4.5 luv0iluuo0ulot
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35A

266.7

B

Characteristic

Field 2/25/71 2/25/71 3/1/71 2/25/71
: No.v 3,000 10,000 3,000 2/23/71 3/1/71 Code
'181m~u9265.3—~"w-261.8‘wﬁ—_256.4-¥~ww20.L»J~U—~14.9‘1uulﬂ10000000l
182 . 262.6 268,.3 256,.7 22.1 10U10100000001
183 -~ 261 41 -—— 26449 25642 20¢0——13.9--10010100000301
184 262.4 262.0 257.1 23.6 V01101000000V 1
3135~_m”—n“*-__w_.263.7"w~~_252,4um¢~uw23,u"___«wL5,0_uol10100000001
186 - - 258.8 249.0 23.9 17.9 00116G1u0uoLOUl
187 e mem e o 260 g6 - — 23 g G s _Oullolugoououl
188 ’ 253.6 253,.9 21,9 V0110100000001
189 i e 270 4 8 -————26246 | 3.3-0010LL00OLUOBCL
190 ' ' 248.8 23.7 0011u100V0V00L
191 - e - o 27201 3 ) 343-10001100000001
192 270.1 _ , 5,2 © 7 3,1 1ounl1100000001
’ 193-m-~~*—~~~~~«~272.1~M~—w263¢3~;~-w-_s.5~~u-mm4.u~L0001100000001
194 - . 262.3 260,9 . 7.8 © - 5,0 10u01100000001
- 198 270.4 : S.1 2.8 1ou0oilouoiunol
196 : 268.3 8,9 . 10uUl0100000001
A}-l97Aww—~mwwénmwu~27u.Z_M»—w260.lwmwwm—*8.3mumwunmA.Q_loululbﬁbbﬁﬁﬁl'f
i 1986 271.8 263,48 260,3 7.9 3.7 louldluouuoool
1G9 e e e 250 ¢ T e o e Be3 = QU LU 00UUU0OL
. 200 269.3 263.7 6.1 3.0 16U0L100uu00ul
D501 -273.3 - - 27142 20506 e B Tl U loululuduuundl
202 269,3 274.7 261 .8 7.8 3.9 10ul0160600001 -
1203 e 2072 .. 263.4 9l e S tuULGOULOUUOUL
© 204 253,17 o 6,7 10Ul00UL0VYU0UL
C 205, .. 265.4 . 269.3 C2564.2.. .. .22.3 . ..lb.c lUulCOulouuLGl
‘1 1 264.,0 236,.6 9,6 VIVIGO1UOGOODL

Microwave Brightness Temperatures Obtained During
3,000 Ft. and 10,000 Ft. Overflight of
Imperial Va]]ey,_Ca]ifornia on 2/25/71

"Mean Brightness
‘Temperature (°K)

Soil Moisture (%)

. FielTZ7EETT

‘ 2/25/71 3/1/71 2/25/71 Characteristic

No.- 3,000 "~ 10,000 3,000 2/23/71 3/1/71 Code

207 - 271.O~m-w~261.Bu-ﬂ_~261.9fww7~“m2‘95WMw_uﬁ_.nmUullUDOOUUlUlu
208 262.5 268,0 26l.6 22.18 vlvuloOuouvuliilo
209 - 226.7 25740 - 228 g @ s 35035 e LUV RO0UGL10) 0
210 237.7 248.8 241.8 37.00 voutlovuunlele
211 - . 24i.l1 - 2504 e 261eli i 36413 - e UG UO0C0OULULULI0YY
212 252 .4 261 .4 253.4 30,85 LU0 1000LULIVLO
213 e 260.8 . DR S S S R VLV N NVEVIVIVIVIVE RV BY
214 257.4 _ : 6,48 1puluoyouldld
21% 276.2 25746 2114621 ,43 e~ 0UOLDULOULOLU
216 217.2 266,59 272.3 19.38 1gutclooduutiolo
217 -281.4% 273.9 - . w 278,3 i To43 e _ .. louocugouugutolu
218 280.0 274 .0 273.9 6,15 S 10uGUOLUUUinto
219 - 282.6 269,00 —-273e2 - - -11ed0 - o o 10UOUGOUUYLGTO
2290 28247 269.48 272.8 11.70

10uvouoLLYlnle
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Characteristic

F1e1d 2/25/71 2/25/71 3/1/71 -2/25/71 .
. No.- -3,000 10,000 3,000 - 2/23/71- 3/1/7]4 Code
221 -~ 25643 . ... 261,6. -_".254 B 22 aauw_-_m_.w.01u01ouuuu1u10
222 28l.6 279.4 273.8 13.83 106006GG0ULL0L0
. 223 .- 282,71 ... 215. 7*_.w_.,.2.73.b.---._.~_.‘,13.70,.v.___...,\_w..n.,10000000001010
224 266,9 - 265.5 261.3 24.90 . V0101000ULVLDL0
225 e 26206 26005026009 e 220 75l e 01010060 LU0
226 2716.2 272.9 - 271.0 24.45 1ou01l0000UlGLO
227 —217.5. 2732 - 270,22 23098 e lOU0l0UO0O001010
228 - 258.0 245.7 31.53 1000100000101Y
229 .- e 26304 s 25050310 b3 e — louoloououivlo
230 269.1 . . 7.93 1000000000100
231 e 268 e T e ST S 1| Depu——— (11§ § § T T VI R R IR YU
© 232 266.6 276.2 266.1 33.15 - 10u0100000101V
233 260, 271 1 - 26248 - 236415 e 1OUOLU0000L010
234 2746.9 277.1 270.8 - 31,78 10u01000U00G1010
235 275.6 2673 e 27)aG 21 465 - A GU01000001 010
236 269.0 258.9 ©269.2 ) 28.18 01v1Cc000V01I0VI0
237 - - - PP TS SN § Yt pua———— ]V  §e{ L (VR RIB A
: 238 o 267.1 : 18.80 100100000LUI010
U239 e i 2690 T e 220 A B e gullooouoogloly
240 - 25%.7 . 9.33 0lulo000GUl01Y -
24l - - 266.6 266,17 - —269, G134 60 e —010100000UL0 1Y
242 278.9 269.8 272.8 6.15 10ud000GVOLIV1U -
243 2T8.8 - - 27244 ~—— 2‘1-2.1--.»-4-vu----ms.—nﬁ-—«w-»-—---~10000000001-010
244 209.3 236.4 212.9 23.00 10U000ULLUULIVLG
245 282.2 - - 2198 — 2Tt e2 - mm-13eBB i e A06060006u01010
246 270.6 267.2 270,44 22.00 0011000G0VL01010
eat 258.8 - - 265¢5 e 26041 miomae- 264 30— meee—-0 0 1 16000uV1010
248 216.4 269.8 272.6 21.45 1000000001010 -
¢ 249~ —-272e6~ - 2715, 4o 27 L glr————20 « 55— 0.0-1 16000001010
250 271.6 270.3 272.1. 12.78 S 0lulooououlotly
2251 - 2701 - 270e3--— 27027 68 e 10UV 100G UOULC LU
252 270.6 273.1 268,3 25.40 lLou0louo0oulonly
253 .- - 200.1 -229.64«qm»zoa.a-muwmm31115.M__"u_mmwtou00000001010
254 209.0 234.,5 215.6 C 24.48 _ lousoovooLivly
255 - ~273.3 -~ - -272.3 -~ —— 27240 o194 0 e L OV OO VUL LU 1O
256 2laaT 271l.4 272.2 - 17.18 ' 00110000001010
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Microwave Brightness Temperatures Obtained During
3,000 Ft. Overflights of Weslaco, Texas '
on 3/1/71 and 3/2/71

Mean Brightness
Temperature - (°K) Soil Moisture %

0-1 Inch 0-6 Inch-

Field No. - 3/1/71  3/2/71 Depth Depth Characteristics
53 244,500 246.840 44.300 39.500 Cabbage
55 250.600 266.960 44.300 39.500 Cabbage
57 276.600 292.400 15.700 23.300 Corn Seedlings
58 277.900 299.500 13.800 21.700 Bare, Burrowed Sm. Cld.
61 280.900  295.650 28.100 28.100 Bare, Burrowed Sm. Cld.
63 284.200 293.010 23.500 28.700 Bare, Burrowed Sm. Cld.
64E 278.700 274.120 0.0 . 0.0 Onions
64U 278.700  295.460 0.0 0.0 Onions
66 - 275.300 292.410. 0.0 0.0 Onions
67 270.800 288.570 0.0 0.0 Onions
68 257.400 268.320 0.0 0.0 Cabbage
70 279.900 299.670 0.0 0.0 Bare
77 272.800 290.190 0.0 0.0 Vegetated
79 284.900 298.700 7.800 18.600 Bare, Dp. Plowed Lg. CI.
81 276.800 292.030 0.0 0.0 Onions
83 282.800 301.220 5.700 17.400 Bare, Dp. Plowed
85 270.700 283.980 0.0 0.0 Oats
89A 0.0 289.290 6.800 16.800 Bare v
898 0.0 277 .540 6.800 16.800 01d Cabbage + Weeds
89D 0.0 286.880 6.800 16.800 01d Caggabe + Weeds
91 0.0 284.780  27.800 32.400 Spinach '
94 0.0  276.560 0.0 0.0 Bare
96W 0.0 277.600°  6.400 14.400 Bare, Furrowed Lg. Cld.
96E 0.0  247.800 - 0.0 0.0 Bare, Furrowed Lg. Cld.
97 0.0 269.930 8.500 20.700 Bare, Furrowed Sm. Cld.
99A 0.0 259.890 7.800. 19.400 Bare, Furrowed Sm. Cld.
99C 0.0 298.510 7.800 19.400 Bare, Burrowed Sm. Cld.
100 0.0 286.690 0.0 0.0 Bell Peppers
101 273.800 282.840 0.0 0.0 Alfalfa
104 286.800 299.340 6.700 . 17.300 Bare, Furrowed Sm. Cid.
105 276.900 291.470 22.300 22.300 Bare, Furrowed Sm. Cld.
107 286.000 299.200 14.200 22.200 Bare, Furrowed Sm. Cld.
109 245.800 261.270 .35.000 18.700 Bare, Irr. 3/1/71
111 285.600 299.110 8.400 22.800 Bare, Flat Crusted Sf.
113 288.200 300.670 10.100 22.600 Bare, Burrowed Lg. Cld.
116 286.000 299.370 16.000 21.000 Bare, Furrowed Sm. Cld.
117 276.100 293.420 0.0 0.0 Pasture
120A 255.600 267.330 35.000 0.0 Young Corn Plants
1208 246.600 257.310 35.000 ~ 0.0 Bare, Furrowed Sm. Cld.



Field No.

BIOSPHERICS INCORPORATED

© Mean Brightness
Temperature (°K)

Soil Moisture %

0-1 Inch 0-6 Inch

Final Report
Contract No. NA55-21§Z§

Characteristics

3/1/71  3/2/71 Depth Depth

122 283.000 299.950 13.500 21.100 Bare, Furrowed Sm. Cld.
124 285.000 295.420 16.000 27 .400 - Bare, Furrowed Sm. Cl1d.
127 288.800 300.780 13.300 28.800 Bare, Furrowed Sm. Cld.
129 281.000 300.970 14.100 28.500 Bare, Furrowed Sm. Cld.
129A 255.800 248.410 49.000 50.300 Bare, Furrowed Sm. Cld.
131A 281.600 290.780 0.0 0.0 - Bermuda Grass
131B 285.700 296.960 0.0 0.0 Stubble
132 285.300 300.220 8.200 17.200 Bare, Dp. Plowed Lg. Cl.
134 284,300 300.840 9.100 20.800 Bare, Furrowed Sm. Cld.
136 - .285.200 299.090  23.800 25.700 Bare, Furrowed Sm. Cld.
139 284.800 297.140 25.200 25.300 . Bare, Burrowed Sm. Cld.
140 - 276.000 288.830- 30.800 30.800 Sm. Sorghum Plants
143A 282.300 302.900 9.800 20.000 Bare, Dp. Plowed Lg. Cl.
143B 287.300 299.800 13.000 19.200 Bare, Flat Small Clod

- 143C 282.700 294.010 15.000 - 16.500 Bare, Furrowed Sm. CI.
144 283.300 298.610 15.000 - 25.500 Bare, Furrowed Sm. CI.
146A - 280.900 296.400 0.0 0.0 Bare

- 148 261.700 276.650 0 0.0 Vegetated

0.



APPENDIX III

-Textural Analysis of .
Imperial Valley and Phoenix Area Soils
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f‘MEgHANiCAL ANALYSIS OF SOILS BY THE HYDROMETER METHOD

Precedure.

1. chgh out. 100 of a:r-dry sandy soil (llght textured) or 50 of'clay
"or silt loam soil (medtum to heavy textured).. Transfer to a 250 ml beaker. -
.Cover thh water. Add 5 m! of 10% Calgon and al]ow to stand over-night.

2 Transrer to a metal dxsoersaon cup and flll about 21\ full w:th HZO

-_3 Placc d:spers;on cup ‘on mxxer and stir for 5 manutes
: 4;‘ Transfer contents from the dlSpGrSlOn cup to a Bouyoucos Cyllnder,

5. Place the hydrOmeter in the su5pcnsuon very gently and brlng to volume with
‘distilled water. If 50 g of soil were used, bring the suspension to the lower
-mark {1139 n]) lf IOO g were. used brlng the suspen5|0n to the ‘upper mark
"(1205 ml) Do I o S : .

>6 Carefully remove - the hydrOmeter and shake the cyllndel thoroughly by placnng -
a large stopper over mouth of- cyl:nder and nnvCrtnng several times to obtaln
a unlform suspens:on.. o -

.7t -Place cyllnder on a table:and note the time. Carefully but quickly plaoe‘
- the hvdrometer in the suspension At the end of 40 seconds take the hydrometer
reading. ' SR S ' C . -~

8. Remove the hydrometer and take the temperature of the 5u5pensnon belng
- careful not to dlstufb the Suspen510n ~ . _ :

9. lake the second hydrOmeter and temperature readlngs at the end of two
- hours. » : : - .

'Calculatioes;a

SV At the end of Lo seeonds, the sand fxactlon has settled (0 05 mm and ]arger)
. but the silt plus clay is still in suspensnon - A | hour reading would indicate
the 5 micron or smaller material in suspension. A 2 hour reading would indicate -
"~ the 2 micron material (ciay). For every degree F above 67°, 0.2 of a hydrom-
eter graduation must be added to the hydrometer readtng For each degree below

67 F subtract 0 2 of a graduatuonl'

"AfA. L0 Sec. Readlng '

10 second A S _
hydronmcter reading X - 1000 =% Silt and €lay
wcight of sample -

100 - (% Silt & Clay) = % of Sand

B. .2 Hour Readlng

2 hour 4 ‘
hydrometer reading x 100 =% Clay
weight of sample ' . _

€. 100. - (% Send + % Clay) =% of Silt



R T Tempcrature Corre-tlon S
L= 0.2 (T-67) oo e
’ - {(C is the hydrometer correction..Round of f to nearest
.. ~whole number. T is the temperature of suspension in
) . e A v c

2§ﬂrRefer to Figure ]ifor thé'téxturél“élaésifiéatioh.
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