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1. INTRODUCTION

During the summer of 1978, two data acquisition activities of the Agricultural
Soil Moisture Experiment (ASME) were conducted at an agricultural site near
Colby, Kansas. One activity was designed to obtain data to support the test-
ing of soil moisture point profile models; the other was designed to obtain
data to support the development of algorithms for estimating surface zone

soil moisture from remotely sensed data.

This document describes the above two activities and catalogs all acquired
ground-truth data. Additional Colby data that will be available are discussed
in appendix A.

Section 2 briefly discusses the criteria used in the selection of the test
site, flight lines, and individual test fields. General information about
the area is included, and maps of the specific test field locations are pro-
vided.

Section 3 discusses the data acquired for use in testing soil moisture point
profile models. These data were collected from May 19 through August 30,
1978, and are referred to as "type I Data."

Section 4 discusses the data acquired to support development of algorithms
for estimating surface zone soil moisture. These data were collected in
conjunction with aircraft overflights between July 18 and August 11, 1978,
and are referred to as "type II Data."

Some of the data subsets collected at Colby are inciuded in this report;
other subsets, which were too voluminous for inclusion, are available on
magnetic tapes.]

1To obtain any of the data listed in this report, contact J. D. Erickson,
SF3, Lyndon B. Johnson Space Center, Houston, Texas 77058.



Much of the data were acquired on operating farms. This data acquisition was
possible only with the extensive cooperation shown by many individuals, farm
operators, and land owners in the Colby area. A list of operators of ASME
test fields is given in appendix C.



2. TEST SITE DESCRIPTION

Several criteria were used for selection of a test site. The desired charac-
teristics of a test site were as follows:

].
2‘
3.

It should be a typical farming area with only a few crop types.
It must have a generally flat terrain.

It must be accessible to both the University of Kansas and Texas A&M
University, with a consideration of characteristics and iimitatici. of
available trucks, travel time, etc.

If available, an operating rain gage network that could be used to meas-
ure rainfall would be desirable.

It should have relatively uniform soils.

A survey was conducted to locate all operating rain gage networks in the
United States. Of the several potentially useful sites located, the site
at Colby, Kansas, offered the following advantages:

1.

It is a typical farming area with wheat, corn, sorghum, and pasture as
the principal crops.

It consists of large areas with relatively uniform soils.
The terrain is relatively flat.

There was an operating rain gage network with 39 recording rain gages
operated by the High Plains Experiment (HIPLEX) project of the U.S.
Department of the Interior.

Additionally, three recording weather stations are operated by the Kansas
Water Resources Board in the same area as the rain gages.

The boundaries of the potential tesc site area at Colby were defined by the
rain gage network operated by HIPLEX personnel. A preliminary soils map of
this area was obtained from the Soil Conservation Service of the U.S. Depart-
ment of Agriculture in Colby. The test site consisted of major east-west
drainage areas having a mixture of soil types. Between the drainage areas

3



there are relatively large areas of uniform scil types several miles long
in an east-west direction and up to 4.8 kilometers (3 miles) wide in a north-
south direction,

Selection of the individual flight lines and test fields was based on the
following criteria.

1. Flight lines in a north-south and an east-west direction were required.
Test fields for type I data should be located at the intersection of
these lines.

2. Test fields for type I data should be located near a recording rain gage.

3. The crop mix for type 1 data should approximate the crop mix of the gen-
eral area.

4, The total number of test fields for type Il data should meet the minimum
requirements defined in appendix D of this report.

5. A1l test fields should be of a relatively uniform soil type across the
field.

6. Each test field should be approximately 16 hectares (40 acres) in size.

Initially, the 14 test fields for acquisition of type I data were selected

on the basis of the above criteria. These fields defined flight lines 1, 2,
and 3 and 5, 6, and 7. Flight line 4 was added later when personnel from

the University of Kansas determined that test fields on this line met their
specific requirements. Along the seven flight lines, 56 potential test fields
that met the requirem:ats for type Il data were identified, including the 14
test fields used for”acquisition of type I data. All fields were numbered

(1 through 56), and final selection of 43 fields was made prior to the first
aircraft overflight. Figure 1 shows the location of each of the 43 test
fields used for data acquisition. Table 1 gives the legal description of
each test field by quarter section, section, township, and range. Table 2
lists the soil type, slope, and crop for each test field. rigure 2 shows

the relative timing for both data acquisition efforts. Appendix E summarizes
ASME remotely sensed aircraft data collected during overflight.



TABLE 1.— TEST FIELD LEGAL DESCRIPTIONS

Field Legal Field Legal i
number description number description
1 S Center 40 28 SW SE 29-9-32
SE 28-9-33 29 NW NE 32-9-32
c S onter 3 30 NE NE 32-9-32
3 S Center 40 3 NE NW 33-9-32
SW 28-9 32 34 SE SE 28-9-32
3 SE SE 27-9-32 37 NW NE 34-9-32
5 SW SE 26-9-32 38 NE NC 34-9-32
6 SW SE 14-8-32 39 SW SW 15-8-32
7 SW SE 25-9-32 40 S Center 40
8 SE SE 31-8-31 St 13-8-32 |
g SE SF 18-8-31 43 SE SE 14-8-32
' SE SE 13.8. 32 44 SW SE 13-8-32
0 SE SE 18-8-32 45 SW SE 18-8-31
12 S SE 35-8.32 46 NE SE 18-8-31
13 SE SE 31-8-3 a7 SE SE 19-8-31
1 W SH 36-8-32 49 NE NE 19-9-31
19 S SE 26.9.33 50 NW NE 23-9-32
2 SE SE 26-9-33 52 SW SE 23-8-32
2] N N 36-9-33 53 SE SE 19-9-32
5 4
22 NE NW 36-9-33 oA o onter 40
24 SW SH 29-9-32 55 N Center 40
25 NW NW 32-9-32 NE 30-9-32
26 SE SW 29-9-32 56 SE 30
27 NE NW 32-9-32 St 30-3-31

[Sa}

b L e e




TABLE 2.— SOIL TYPE AND CROP

P e e

1 B Corn 28 A Corn

2 C Corn 29 ] Wheat

3 8 Corn 30 B Wheat

4 B Wheat 31 8 Milo

5 B8 Pasture 34 C, € Milo

6 8 Fallow 37 8, £ Corn

7 8 Wheat 38 B Wheat

8 A Pasture 39 A Milo

9 Fallow 40 g Corn
10 A Wheat 43 o Fallow
N A Wheat 44 A Wheat
12 A Fallow 45 A Fallow
13 A Fallow 46 B Wheat
14 B Pasture 47 B, F Wheat
19 A, D Corn 49 A Fallow
20 A, D Corn 50 A Fallow
21 A, D Corn 52 8, £ Fallow
22 A Corn 53 A Wheat
24 B Milo 54 A Fallow
25 A Wheat 55 C Corn
26 b Corn 56 B Fallow
27 C Wheat

*The following notations are used in this column:

A .- Keith sill loam, O to 1. slope.

B - Keith sill loam, 0. to 3% slope.

C — Keith sill loam, 1. to 3. slope.

D — Richfield silty clay loam.

E — Goshen silty loam.

F - Ulysses silt loam, 1% to 3. slope (eroded).

These data were taken from an unpublished soils map
provided by the USDA Soil Conservation Service in
Colby.

*A11 corn fields were irrigated.
6
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3. TYPE I DATA

The type 1 data were abtained to support testing of various soil moisture
profile models. They were collected in fields 1 through 14 from May 19
through August 30, 1978. The type I data consist of soil moisture, bulk
density, and soil hydrologic characteristics; vegetation data (leaf area
index and growth stage); and weather and irrigation data.

3.1 SOIL MOISTURE DATA

Soil moisture data were collected weekly from four locations in each of the
14 test fields. Sampling locations for each field are shown in figure 3. At
each location, readings were taken at depths of 0 to 7.6 centimeters (0 to

3 inches), 7.6 to 15 centimeters (3 to 6 inches), and thereafter every 15
centimeters (6 inches) down to 182.8 centimeters (72 inches).

During the initial 2 weeks, soil moisture readings for all depths were taken
by gravimetrically sampling. Soil samples were taken with a coring tool at
depths of 0 tc 7.6 centimeters (0 to 3 inches) and 7.6 to 15 centimeters

(3 to 6 inches); and a 3-centimeter sample was centered at 30.4-centimeter
(12-inch) and at 15-centimeter (6-inch) intervals down to 182.8 centimeters
(72 inches). The samples were placed in metal cans and returned to the
laboratory. They were then weighed, dried in forced-air ovens at 120° F for
48 hours, and rew2ighed. The soil samples were dumped and the can and 1id
weighed. This weight was subtracted from the sample weight, and the gravi-
metric soil moisture was calculated by

wet weight - dry weight -
dry weight x 100 69'

Gravimetric soil moisture =

Thereafter, a neutron meter was employed to monitor the soil moisture from
6- to 72-inch depths. Gravimetric sampling of 0- to 3-inch and 3- to 6-inch
layers continued through the season.

The soil moisture data are available on magnetic tape, which is nonlabeled
EBCIDIC IBM format with 80-character card images blocked in 10 cards per
record and with 9 tracks at 800 bits per inch (bpi). An example of the data

listing is shown in table 3. 9



TABLE 3.— EXAMPLE OF TYPE I SOIL MOISTURE DATA
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Soil moisture sampling depths at each location:

1. Neutron probe measurements every 15 centimeters (6 inches) from
15 to 182.8 centimeters (6 to 72 inches).

2. Gravimetric soil samples at 0 to 4.8 centimeters (0 to 3 inches)
and 4.8 to 9.6 centimeters (3 to 6 inches).

Vegetation samples were acquired within 6 meters (20 feet) of the

same locations.

Figure 3.— Sampling locations for type I data.
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3.2 SOIL DATA

The measured sov]l characteristics were bulk density, saturated hydraulic
conductivity, and water retention.

Samples for bulk density determination were acquired during the first 3 weeks
of the sampling period. These samples were acquired in each of the 14 fields
at depths of 7.6, 20, 71, and 137 centimeters (3, 8, 28, and 54 inches).

Each sample was taken with a coring tool (6 centimeters in diameter) speci-
fically designed for acquiring undisturbed soil samples for use in determining
bulk density. At each of the sample depths, the soil sample was 3 centimeters
deep. These samples were dried at 105° C and weighed. This sample weight,
from a known volume, was used to calculate the bulk density. These results
are given in table 4.

Soil samples for determining water retention were acquired at the same loca-
tions and depths as the bulk density samples. A pressure membrane apparatus
was used to determine the water retention at 1/3 and 15 bars for each sample.
These results are given in table 4.

Additional soil core samples were acquired for determining saturated hydraulic
conductivity (table 5) and water retention at 1/3, 1, 3, 6, 10, and 15 bars
(table 6). These samples were taken in fields 2, 6, 11, and 14 at depths of
20, 63.5, and 121.9 centimeters (8, 25, and 48 inches).

3.3 VEGETATION DATA

Vegetation samples were acquired twice weekly during the period of the experi-
ment. Samples were taken at two locations in each field with green growth.
These consisted of three plants for corn, 0.6 meter (2 linear feet) of wheat,
and 0.092 square meter (1 square foot) of pasture. Along with these samples,
the plant growth stage was recorded, using the Hanway scale for corn and the
Feekes scale for wheat.
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TABLE 4.— BULK-DENSITY AND WATER RETENTION CHARACTERISTICS
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TABLE 5.— SATURATED HYDRAULIC CONDUCTIVITY

. Soil Hydraulic conductivity, inches per hour
Field depth
number inches | 1 hour | 2 hours | 4 hours | 8 hours | 24 hours | 48 hours
2 8 0.40 0. 36 0.46 0.45 0.45 0.31
25 1.15 0.93 1.08 1.03 1.07 1.15
48 0.48 0.41 0.48 0.48 0.46 0.37
6 8 1.98 1.72 2.06 1.94 2.11 1.51
25 0.26 0.22 0.26 0.26 0.29 0.33
48 0,95 0.79 1.03 1.00 1.07 1.08
1 8 0.69 0.55 0.65 0.55 0.€7 0.77
25 0.40 0.43 0.40 0.46 0.48
48 0.43 0.40 0.52 0.46 0.48 0.48
14 8 0.72 0.64 0,77 0.77 1.03 1.19
25 1.38 1.20 1.46 1.43 1.44 1.62
48 0.4 0.38 0.43 0.33
TABLE 6.— WATER RETENTION CHARACTERISTICS
Field Soil Soil moisture, percent
number depth,
ijnches | 1/3 bar | 1 bar | 3 bars | 6 bars | 10 bars | 15 bars
2 8 33.3 24.8 19,8 16.0 15.0 14,8
25 32.8 23.8 18.9 16.0 15.3 14,9
48 27.9 21.8 16.1 13.8 13.3 11.9
6 8 35.6 27.4 21.6 20,3 18.5 18.3
25 29.8 21.7 16.4 14,2 13.9 13.4
48 28.4 19.8 14 1 12.3 1.7 11.3
1" 8 32.8 24,6 19.8 18.1 13.9 13.5
25 32.6 23,6 18,7 15.6 15.1 14,6
48 27.9 21.5 15.8 13.9 12.4 11.8
14 8 29.8 22.7 17.6 17.4 14,7 14.2
25 30.9 24.5 19,3 17.0 13.5 13.4
48 27.9 21.8 15.9 13 .-/ 13.0 12.5
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Vegetation samples were divided into stalk, stem, leaves, head, or cob and
grain. The leaf area was measured with an electronic meter, and the leaf
area index (LAI) was calculated by the formula:

LAI = leaf area per plant x plant density.

The individual sections of the plant samples were weighed to determine plant
dry matter for each section of the plant. The results are given in tables 7
to 16.

3.4 WEATHER AND IRRIGATION DATA

The acquired weather data consist of rainfall, air temperature, solar radia-
tion, pan evaporation, and wind run. Irrigation information was obtained for
fields 1, 2, and 3.

Rainfall data were obtained from the HIPLEX. A network of 38 recording rain
gages is located throughout the test area. The locations of these gages are
given in figure 4 and table 17. A sample of daily totals of rainfall is given
in table 18. Fifteen-minute interval rainfall data are also available.

The National Weather Service (NWS) station at Colby acquires, on a daily
basis, maximum and minimum temperatures, rainfall, solar radiation, wind run,
and pan evaporation; these data .are given in table 19.

Initially, it was planned to obtain data from three Climatronics recording
weather stations located adjacent to the test site. These systems are
operated by the Kansas Water Resources Board. Two of these stations exper-
ienced hardware failures before the start of data acquisition in May, and
the units were returned to the factory for repair. They were still not
operational when data acquisition ended on August 30. Data from the third
Climatronics recording weather station contain several inconsistencies and
missing data. This is presently being reviewed and may be available at a
later date.

Irrigation information for fields 1, 2, and 3 is given in table 20 in terms
of total water delivered over the time the irrigation system was in operation.
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TAPLE 8.— LEAF AREA INDEX AND GROWTH STAGE FOR FIELD 2
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TABLE 14.— LEAF AREA INDEX AND GROWTH STAGE FOR FIELD 7

30

‘u§ LEAF
wl%E 1 suLiaN CROP FEEKES AREA
g; gé DAY SCALE il
L2|da

71 | 4+ whr bl 1020 e 5b
| I=u ik A 1Oe90 Y
7 1 12¢ w=ral 10e53 el
71 1=7 vk ) I1VedDe 0 GH
71 1ov loeba 25
7' 1 1k smeal) llecv « Pl
71 15n arir A | 1l1e20 25
71 171 astb A | J1e30 onl
71 115 abEAT 1130

/71 17n RN | 11630

[ | 1~ w4k 4| 1) 30

71 1~ rrital 1120

7 l l“'" atir A ’lob‘l

71 1 &0 srFAl R

71 1Y« wrik o) o~

/1 |9y rHEEL M

71 Che whit al

! ? lat (L 1D es0 o=
! 2 =0 FERLEN | loew o/
12 182 atib A 10e53 04 3
7?2 15 acdbal ]hene lenl
7 7 I=uv 1heba 78
tT 7 LInd wrer Al 11ect 26
7 72 165 atib 4l 1]e20 «”b
7?2 171 arb A 1130 ol
T e 114 MY 11430

1T 72 aribnl 1130

1T 2 1lsb whit Al 11430

! 2 ] = el | 11eo0

[ v Al I1leo0)

{72 19z wE Al h

I 72 144 arital A

1T 7 Sy embol nm

/7 2 A0 L

3 laty anib 4l | WIPS=X1] )
7 A 1-u vt al ey «H 3
/1 | S7 amt A e 3 et l)
r 1 1= v 1l eDa o kU
/ ] 1™y l“.H“ .’C
/4 154 LN 11.20 17
7 4 1 oty it Al JleZu o)/
I & 171 w k] 11e4v el
/3 IR st A l1e40

AR 1 7» weirk T 11e30

/I 3 | O vtk g 11e149

! A ] e whib A 1 1e9u0

!/ 4 1reee wek Al 1] e

[ 4 e anir Al

{ & [ wrtepnl o

7 4 1 Ge hibal oM

/3 2y s AF A #

il N l“’: "1"“' l".‘SU oS Y
! | XY wilk pl J]Dem oM™
{ 152 whEal 1Me¢53 e 44
! & 157 wrir | lUeH4 oMM
! a 1~0 lOena .4
{ @ Ind wmr o Jle2V «”3
!« 156 whbal 1]e0 73
O vitbal 1140 eNl

(W o G‘NAL SlAd& i

OF POOR QUALMY




TABLE 14.— Concluded.

& u§ LEAF
A FHEA I -
.,,! 8 INDEX
“ =

/&« |73 wHE Al 11e30

T 4 )1I#n P 11e30

7 4 |nu wrt Al 11e 40

[ 4 |A%9 et bl l1]1enh

! 4 1AM PN 11e90

7 4 19e areal H

{ 4 194 stiF A ot

! & | 9w arit @) o

T 4 07 wHk Al

31



TABLE 15.— LEAF AREA INDEX AND GROWTH STAGE FOR FIELD 10

‘m§ LEAF
JULIAN FEEKES

o = CROP AREA

-"“g gé L . INDEX

“ -

101 les wtk Al Luenu «7H

16 1 150 antk il 10eb0 oih

1o 1 187 wHrFal 10ed33 L)

19 1 1S/ aHb A lUeDe Y

10 1 1=v 1l1el0) on1

10 1 1~ PILY N llelu oA

10 1 15¢ LY 8| 11elv «23

10 1 171 wHk A | 11e 40 onl

1o 1 174 atit al 1130

10 1 1 7ee whib A f 11630

10 1 l~v stk AT 11«30

10 1 145 IR Y| 1leon

10 149 whikal 11en0

lu 1 lve welb Al M

10 1 |Ve vt AL -

1o 1 BR wHt Ll n

16 1 N7 wHE Al M

1O 2 lan “HEA) LueHu 0]

10 72  1%u whr Al 10e50 oG 3

19 2 Ine wht al lieD s e l)

In 2 187 wrr Al 10604 « Q4

| U LYV X ll 10 o 7¢

10 2 )&y arEAT olU "G

Ju 2 1-n artt & ]l.lil o217

10 2 il writ al 1130 Nl

10 2 174 wrF Al I1lesu

iu 2 11~ st al 11e30

10 2 1w witk al 11lesv

1 2 )= waral 11e50

10 2 I=x arir Al 1leHu

1u 2 1've «rtal n

1 2 lYe wmr AT M

v 72 J e wMrEAL N

o /7 Z0e wht Al h

) R Lan wht Al P 1] . 14

10 3 Jwan vttt 4l litebu o4

10 4 ey atit Al 1vens o1

I T Y PRI | 1 1eSe o317

QUL I W NT ] lleln ol

Ju & 1nmy erib w) 1l1el0 ot

L T wht Al ll.ln 5

| LR | 171 wob A llo o]

1o 17 PR | ll.m

I WA P Ly J1e 30

o 4 Hu whit Al l1le 30

L4 LM with 11 ebHa

L I R wrral Ile>u

103 |V, whar Al e

o 4 |Ye ar Al #

19 4 | 99 DAL S

04 Ah,/ wirdb o | e

1 @ Jeo wirt bl Ihebd0 lenti

| AR IS0 vidr Al Luemn oD

| T |S7 AL | ivemd T4

Lo 157 vt ol lene e 3

10 & | XY 1leln N/

10 @ R ' oal llelu o4l

10 @ )h= wedr A l1le10 ol

1voe  j7] stk 11630 ol

32



TABLE 15.-- Concluded.

&l LEAF
= | JULIAN CROP FEEKES AREA
g! Sg DAY SCALE o3
= -
10 « |74 whit a | 11e30
1o & (7¢ sk al 11es0
14 @« My whika 11ed0
ln “ l“ﬁ r b ‘i‘ ll.:’"
1 & |H~a el 11e%0
10 & |Ye PR
1« | Ye UL
v &« |Gy AL
1" @ Ny whbk AL on

33

A e e ol e e




TABLE 16.~ LEAF AREA INDEX AND GROWTH STAGE FOR FIELD 11

‘w§ LEAF
= | JULIAN CROP FEEKES AREA
g! gg DAY SCALE L
- -
il 1 leo whr A 1Uem0 ob ]
i1 1 &0 wrbal 10em0 oS0
11 ) 152 whtrAa] 10e54 e ()
111 187 wek A Juene .4
i1 [} llelu 13
11 1 sy whkal 11ec0 15
11 1 16n wbk Al llec2v o1 3
111 171 ~hr A | 11e30 oNe
11 174 anr bl 1le 30
i‘ ‘ ‘7(\ vtvr A l‘.Jt;
11 1 1Ao PETY | 1le 30
111 I M sar b lleotr
11 1 Qm snral 1))
11 1 lwe Witk Al e
111 | Ve wHFE Al R
199 vkt al M
H * he wntal ™
l] Ve “‘n O""Al l”."l’ .‘l
11 72 1=u wrir ul 10650 )
11 7 1%¢ whit Al 1N0e53 ¢
ll ’ l"'l artb al 1heD4 « /7
11 7 lso llelvu 17
11 7 Ins ek al 11e70 17
11 2 ) anr Al l1leldV o 1H
1) 72 171 wht o 11e 30 il
1L 2 173 whir AT 11e 30
1) ¢ 17m wHr Al 1]1e49
11 2 K0 vk al 11e 30
11 72 1My arb Al 11eoV
11 7 14 whir Ll lle®u
11 2 19/ P
11 2 |ve whit Al om
1l 72 19y artbul o
11 2 ¢en/ wht al n
1] 146 arir A 1 0e%0 e )
17 3 1Su wht al JUeYdU o4
11 3 | B g “Hr al len e )
11 4 1S arir A 10 o946 e 1IN
11 3 lew lleldu elh
113 1+ atiboul llecu o1t
11 3 1+ arit al 1]1el0 )
113 i1l ek Al J1e 30 R |
il 3 174 antal 1) e30
11 3 174 wrir 4 11s3d
11 3 IR P ] 1le d00
TR ant al 11e50
114 1 %n atit Al 1] e™U
1 4 19 CEELA Y R
11 4 |94 anbal o
11 4 |94 “snir Al
11 4 e v nl M
1]l & |60 vtk A loenu o PY
1] 4 1Su srveal 1)eb0 o 4
1]l « 1S/ et hadl Jhen 3 . 14
1l &« |57 ark Al 10e9% eV
11 4 150 llelt «1bH
11 & &4 wreb al 11eru o 1h
ll 3 “‘ﬂ "|tA| ‘l.(ql ."\
11 4 17] acttal 1] esu o1

- 34



TABLE 16.— Concluded.

2
1 LEAF
w JULIAN FEEKES

col|zk CROP AREA

#g :; DAY SCALE INDEX

cz|a83

11 6 173 wht oo 1130
11 & 178 whik A 1130
11 &4 1m0 wetr 4 11edu
11 4 I8s whral 11ebt
1Y 4 R Y| 1150
1 4 l‘-.“)_ ORaT] ul
.4 194 witk 4| h
11 & 19w sheal N
l] Iy ’N¢ P o L VO S |

RIGINAL PAGE
GE
OF POOR QUAL mss

3D



TABLE 17.— RAIN GAGE LOCATIONS, SECTION, TOWNSHIP, RANGE

Bacs Location
number Section Township Range

K2 * 1 8 34
K3 3 8 2
K4 6 8 32
K5 21 8 32
K7 2 8 s
k8 2 3 33
K10 21 8 2
K 2 8 .
K12 16 9 3
K13 13 Q 32
K14 16 9 i
K15 2 9 .
K16 3 9 3
K17 12 10 e
K18 17 8 .
K19 15 ; H
K20 30 8 2
K21 4 J -
K22 18 9 A

23 14 ' .
K24 17 ) =
K25 34 2 e
K26 14 9 =
K27 31 9 2
K28 1 10 -
K30 36 9 a8
K3l 28 9 S
K32 N 10 i
K33 8 10 i
K34 15 10 g
K35 30 10 -
K36 27 10 -
K37 3 10 o
K38 27 10 %
K39 14 8 i~

*Gage K1 is located at Goodland Airport in

Goodland, Kansas. )
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TABLE 18.— RECORDING RAIN GAGE DATA EXAMPLE
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TABLE 18.— Continued.

Rainfall

Year| Day

Rain gage
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TABLE 18.— Continued.
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TABLE 18.— Continued.
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TABLE 18.— Continued.

Rainfall

Year| Day

Rain gage

< NO~COCOC O N cc ococ &000’50000000000000980000000‘09030000000300
oocoooocc.oon-ooooooo-.-oooooootooooocooo-oo-oo-ooo-o-oo-o-oon-ouo-ooooooocuoo
ocococcoceoosocccoocoe cocooccoccce cooccococococo~CcCcOcCcCccCcODC 00000000000800000000000

onsol,aooooo8’03“00008080“00380008000710000uoon0‘000000000’0300000800800

oo.coo-ootoooooouo-o'oo.noooo.o.oc..cooooooc-.oooocoooooc.oooooocuoo-o-o-ocooo

oJooosss08081631‘00000“000‘0;0000'.ooononoooouonojnoonnoooo.’n TOoOvoocosSocecoe
—— - ~N .

67“‘053‘567“99!3‘567090\.; ST LCNCA TP C =N\l SN L X O C ™ g~ XVOC~NM I ECrM 2 NO~ D
999900ﬂ0000000‘11‘1]]‘1?22?(??\1133.66?22??2???13333333346.&“6‘555‘55
= el NSV, UL AL NI I, N, AN A U 1 AL A AN

oo ~ae
N ECOOOC

CTEOTrNI I T CTOITACTCCOCCTITOT I I I AT ICCDCLICTT O T T DX COTCTCTCTTILIVTITTOCLICCA T TTTTT
e LU S N NN NN N e i S 777777777777777’7?7777777777777777777777777

bbbttt st at et lagl o Do lag T Do Tl T T T T 31313333‘53‘1“.“““.C“““‘QQ“Q“‘...Q“.Q‘.“.““
“KKKKKﬂKlKKKKKKK“'KK“KKKKKKKK“I“KKK“’KFKKIKKKKIKKKKKKKK“.KK“KKKKKKKKKKKK““KKKK'

OO OCD200OMOO~O 0000000 OOLOOOCO~OOO ~m—e c—c oW —~O o000 0
oecoOooOoCcOoCoO co® cocooo

© 9 0 000 0 AE B 0S8 B S 0B S S 00 800 00000000 00 00 0080 00ERE0SEsseEsIsOERREOIROEGESITERESEESEES
e ssssssesse

OO COCOOCOCC~0OC Ot OOt OCCOCOCOCCOCOON oCCOCCCOO0OCOO00OCOCCOOCOCCOOCO0O0OOCO0O00O00
=4

Rainfall

T es e e
.....'!.0.....0......l....l.......Q...ooonoonooooooo Lgl=T -1~ 11 -1-1. J COoO0COoO0Q Q0
ocococCyhooocooMmMCoC ~NO
ooooooooooonﬁooono 2ccecC o 1’5 IIJozo o0

OmfiM ey O T P ONM VN O™ DO O—NifM ¢
3656700012[23‘07090]?3656700OIZ\65&736567690!2”““%”““7“”77777770888!‘0 S0000S

ugi‘ € SNNNAUNNANAMM MMM EC € C €@ NNV SFUrdne 00

O OO N O TN

Year| Day

DECOTDODOD OO TC DDDT DX CTCTOTVCTCCOTOT
CECC I TN CCCCT CCCCITOTTCCT DT DT

- O??"???""""”""??.!???77"""""""""’7777 e e e e e e e e P e e P P e P P e s e e S e e e P P P e e P

~ar

Rain gage
number

VR AN PO (7 T N D (N 7 000 7 7 7 707 7 (7 W, A 4 0 (OO 0 0 O UTT MO0T 0
AN OO M -

XEX¥XXX
P 2 A T T T T TT T332 333 3333333233322 3232 2222223322222 23 2222223222222 24

46



in.

Rainfall

Year| Day

kit e,

O O000COCO000¢O00COC~C OO~ d000C OO CCoOOOCOCCOINCOCOOOOOODOOCC OO0~ 40C0ODCOOCENOCOCO

O OO e e O e e O O OO OO OO C O~ O C O O C C OO CC o0 O C OCC PCC O OCCOCOOCCOCOOCUCC~CCOoCCOOT0OOCOOC

°lo.o.o.o.o.o-o.o-&o.wo.o-o.o.o.ﬂ.lhO‘O...O.OQOQU-OOOOON MO C OO CMMCEC OC oo Oy CCOCC O T MOCO0OS I TMOOOCOO0OTO=ONCOS
T I N N N I I I I R N I B I I B N )
—r) —

G O—NUMENErDVOO=NM O OFMENONM G CTOO—~NMEY O~ TP CN™ N C T PO—NM —ur
Pl ot Do ot ) 550005 Pt b

~ eIt e e e P COOOOCE R i, CEXELDLDEL 000 00090000 OoDDE DO bt bt

AU AU NN O\ NN AL NN, UL

“ﬂ"a.‘ﬂ.nnﬂ.aﬂ.”“."‘“.ﬂ”..bﬂa.ﬂﬂl'.ﬂﬂ".
, ..ﬂ.ﬂ,ﬂﬂﬂﬂ.”lﬂ..ﬂ

L A e At o g L U S U AT " gt ol gl " g oV gV ol gV GV oV ¥ Y gV g ¥ o oV o " g gV oV STV gV Y GV UV TV oV TV Y SV Y T Y TP N Y S
L2 22242322223 9333323 3339322323283 233323323442433433233493222233323323323233323233333322333"

in.

COOO00OCOOODO~OOOENOOCOO0 COCO=OCOOODO00OOYOCOIO0OCcCOoOONOODONNOOONOS

O D alD
0.0.0..0'.000..0.ctooouocooo.oon.-QQOuoooooon-taclooo-o-uotct-coooooc.coal-co
ocCc < ‘80000008000080000000000oonoooooooooooooooonooooonooooooogloo

TABLE 18.— Continued.

Rainfall

0508888000030030080000”000‘380080‘:”ugoooooo00'000000000060800008030

YT Y T Y YT R R R R R R R R R E R E B A LS ESIAAS I R R E R N N N RN

o cocoocCcCOoOMOoOoC IR OCOOCC OOO]oooooooono‘oooooooooosooooqsooon‘o
—— — -

—

€ O Ot DO DO ONM SN O™ T P C el SN O™ T OtV ¢ N CH TP O S O T~ S NO~ X T O=NMEN O DO O —~NeiM e O~ &
06777777777700000HQ..QQQ.00999.0000000000111\1]‘12??2?2??233333333336A52222??22
—rL O AN G U NSNS LA N AL N A AU U N N N N e ettt oo

Year| Day

O TOOOTLCC IO IO risqoosorIrocsacad I I I IO TOCTOOOOCCOOCITCTIOCT
e e e P e e P P o B PP e P B P e B e B B B B B B B B B B B P B e B e e B e e

PP P P e P P P e e e P e P P e P e B e e P P P i B P e

Rain gage

“‘C.“.“‘..Q‘.““‘.“‘“.‘.“‘Q“‘.‘..“Q.Q“QQ“‘Q5..“‘5“.“““‘2‘:5‘.5
KKKIKKKK'“.KKKK“KKK“KK““K‘KKK“KKK'K“KKKKKK“KK'IKKIKKKKIKKNIKKK"“‘KKIIKKKKKIKIK

47



Rainfall

Year | Day

Rain gage

number

in.

O C O C MO O C 00 CC OmmO~C OO0 S C Ot C O TOOOO00OCOC ONOOCCINCOCN~OC OO0 NOCOCO~IOC—~ONOTCOo0
AR AR R R R R R R R R I I T T T T T T
C O C OO C e ON C e OO OO T C O OO0 C O C C ol lOOC e OOt Ot COtCC Tl o0 DCCC e o ~CC oCOCOCCCOt OCO000OCO~ooOCe

S OO CCO~II OO COOOC fOLCMS 2CN0C TCoORNfACOCOCOOOTIMCNOCS -COCNIOOCCcCoODONC DO OTScarcdoT o
A I B B L R T T E S
00100090000000000311200000000“0%0000000000QOOOO&OOOOOIGOOOOOO?OOn00!00010709000
— - - s -

O DI CNM IS EFTOO~MINTI T O ~NT"INENTOCAMINEATCOA-NMEINONCS~NMP LT 0T ~NMIS O™ Or TS
e ooooccecoccC =0\ A AN AN T MMOEm MTT € 2 S AANARANAA MMM MMM 2 94 9 € € 2 DDDDNN N E
e e LA A LU AL AL AL AU AU AU AL VAL AL A AL A UL,

rCECcaErCEfFEcICaICCEaIqCIc
~e ~

I N e O A I C I I T I I I I I I I I I T I IO ITCITTTCITICCIICCTCT D
Lo ol sl ot ot ol ol ol ot ool ol ol ol ol o o o e ~e

bt ol ol ol Ll ol o o o o L o e o o o o o ol o o ol L o o o

COCLLCECECOCCELECOCCCL L L EC O OL L AL CCCECECC L C O C O LT CECC O N N N N N e e P A e e
X kN N X N X N N N N X N N N N N N N XN A Y M Y XN X N N X N NN Y X Y X NN XXX XXX

o OC L~OO0OCOOTOO0O00COL

o o MCOCM=OOOC Fx-1 o CcLO~00000C0
.l................Cl..!l.l.l.
oo.oooooooooocoo.c-ooo-oooo.ooocoo-.o.mhmmmmMMMMMOO000000000000000000000000000

°00800“oooooooo\l°°°°°§oooooog occoccoc

TABLE 18.— Continued.
Rainfall

T R O I SR,
e R e e e s cecEscc~c00~0mos yoonuoooonooooon‘gAvﬂ000051000‘000000”.000
-

000800000ﬂ°°°°ou‘°g ccocc e e
L

SN o —\Jaf\S —r —r™ ~ Cr M INE LG O e N O TP CNM O Or TP O~NM 9
“”2)"”““.‘ QsQ””””)),”“%”””wQ““6“"5““%“““#6660’66667777777777.“3‘...‘00""
aANS

A ANEIO RNV A,
Wihuhe i oo

Year| Day |je

o< g CLICTTITCCCTCT
o< I ICIrICICTCCITTITICIVOCCTICTITDC @D
O D O T i i e e i e e e e e e e e e S S S s S

Rain gage

number

ﬁﬁﬂhﬁﬂﬁhﬁﬁﬁﬁﬁﬁﬁhﬁﬁhﬂhﬂﬁﬁhbﬁﬁﬁﬁﬁﬁhﬁﬁ06560606
(2 3 & 3 4

s“sss*sgg‘“ﬁﬁﬁﬁﬁﬂﬁﬁﬁﬂﬁhﬁﬁﬁ*ﬁﬁ“hﬁﬂﬁﬁ 25
'KK!IIKK‘KKK‘KIKKIKKK‘KKKI‘KKK“KIK“IK'IKIIKKKIlKKiﬂlIKKK(KFKlKKK(I'K“K

48



Rainfall
mm J in.

Year| Day

Rain gage

number

1tinued.

v
.

TABLE 18.— Co
Rainfall
mn l in.

or~mococ nvl.looooooooo07000000000100000309000000000000000000031000 CcoocOoCcooocOoOoOooCOCOoOO~
-o.ooou..ocou.-...-o-uo.oooc.o...oooat-o-coo.ocucco.oaoo-cn.-n-oooo.o.oa.au.coc

00000Olooooooooooooooonooooo00000020\1000000000000000000000000000000000000000000

(= 060002500000000000000000000500000‘02000" S2o0cCcc 0500000"0065000000000000003000000
.on.cooonoooouoooac.o-oo-ooo-o.oarnoolooocoo-.csooot.c.ocutouo-noo.o.c-oco.ocoo
- N - U e e

2‘23‘5ﬁ7890123‘557890123‘5“"“90214 TUNLCHTO~NMI VOO ~NMEU OO ONMINLES T 0O ~NM S ChOO O~
<

* NNNVNVVVNAMOMM BN Me ¢ d e @ & DN DN OL L L OLCOCOC S ASAS AT OE T DODI O O 99999999)0“
- e

@ & 000 @A A D I T 00 A & & X DD XD DT X DX @A A O oA A0 A A @ & &0 o @0 A (0 &L O & WA G @A €0 aC @ aC 0 & @0 &30 €0 @ G0 €€ 60 & @ 0 M @ @
777777777777777777777777777777777777777777777?177777777777777777777777777777777

~aToxcac ﬂsaseaﬂsaaasﬂnaenaaanBaaﬁﬂsﬂp,ﬂBnﬂ.ﬂﬂ.naﬂaﬂaﬂsaﬂaﬂﬂnﬂ.ﬂﬂaaﬂeﬂﬂBﬂwﬂﬁﬁwSﬂsaeasnaaﬂ
LR 2222232322332 33232332222 T Cx XX LR 2 2 8 2223222222233 3 2233333332222 2222211

oo o 00006‘0\100800000000000000269000000001700ooo0000000500000000000000
00.-.0...000l..ltct.....ollo-uo.C--o.o'a.ooo...o-on-o'oootnotoo.cn.oon.....lo
0000000000000000000000000000000000000000000000000000000000000000000.000000000000

ooooo0003050000008708008500600000000003090000000035030000000000900000000008000

olt.l-no..no-a.-lu.ooo.oococ.c-o-oontc-o-oa.-oo.-o-coo-oooooo-oo-cotcooocovooo

0000000010100000050020"000000ooo00000006620000000037000000000001100000000000000
—~— -y — -

NOOC~NMIUONDPO~MIUNONDOO~NIM SO TOO~NMFNLTHDRO
coococoo ooon0001’1“1“1?7.2?22?22%33.’333333‘ -
)LZ??????Z???S?Z???222????22?2?2???222222

ONDOO~NM FNOSDCONMINCAT PO ~NM @
WOOLCH A ACOCCDDTTD0 000

65

"o
oo

Year| Day

B8888088888888883898688888888888&88888583BGR888888888838ABnﬂaﬂﬂﬁﬁﬂﬁsﬂﬂaeaaﬂbﬂsﬁ
7777777777777777777777777777777’77777777777777777777777777777777777777177777777

Rain gage

number

7777777777717777777711177777777777777777777777177777717777777777777777777777777
-
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK?KKKKKKKKKKKKKKKKKKKKKKKKKK

49



TABLE 18.— Continued.
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TABLE 18.— Continued.
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TABLE 18.— Continued.
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TABLE 18.- Concluded.

Rainfall
L) T in.

Year| Day
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TABLE 19.— NWS DATA

Temperature, °F Solar Wind
Rainfall, iapd run, Pan Evaporation,
Day 0.01 in. | Fadiaticn, | ;o tute 0.01 in
. . langleys 5 e »
Max. Min gley niles
12] Sa ) 93 Y 1413 no
122 S IR 34 310 lal A
23 Sn s §74 3H 10
24 52 i1 3oa 63 14
25 5S4 4 ne Tu (3 il
26 IS 15 120 o 124 0o
7 a) 15 245 426 9X un
2H SH 35 490 l;l 23
29 Al 13 S6n 179 on
n AR an 546 111 3n
31 R 49 n 445 {hl 3a
37 749 4R il 530 13 el
N nG ) n 571 ’ch4 4h
34 Te ol St on 28
35 A GuRr Sk Y a2
3¢ 74 P S41 180 40
37 ~Q uR 0 hY 125 30
ar A A )22 S5 la? °?
39 T4 a9 37¢ In ’S
an 75 4 S M Cw
4l T4 o? 3G¢ 69 6
up 1? 54 T 501 120 17
143 79 53 5191 64 25
144 RA s T IR0 len 54
148 RQ nN as/ 194 “@0
4k R N6 53~ 207 )
a7 TS R ! 421 187 an
4R 79 “9 1A 420 w7 3u
49 A1 GH 54w U2 30
50 79 57 S5k 1 105 30
5) ]2 52 327 135 4
S°? AS 4“9 31 9/ ™
S3 61 49 "3 156 R4 I'd
Il sQ 59 2un 24 19
S5 Ak S3 167 PEX) 7R 29
S6 77 54 1 13« Sy 16
S7 Y4 o7 1@k i X} “3
15k & w1 Sotl sS 15
159 71 Gl 57+ n7 9
160 78 57 L] HYy /Y
161 RG Al SAa lab Shk
167 913 57 hiy'e 7139 S7
(B} "o \n S46 116 a4
q6 1) e SnY 80 15
L) K0 A 571 215 47
1) Py S SH 4 1M~ S0
a7 1n2 Al Ll 30 Sa
68 946 57 Hha 17 L)
69 Mo S7 ol 51! in 4h
n RS WH T 49y LS 472
71 Yau 59 T 4494 oY) 4
77 7R AN ) f 33 9 39
73 7R 9 524 56 2N
74 91 AS 574 1% M
75 92 KA T 47 la “i
76 100 Al 4R | 93 a9
77 9R P 474 IH 4h
7R hQ 0 1K 3re IE] a4y
79 He ¥ i’ SN0 1A 40
s RQ ha S0« r4\ 59
Hl 91 Al ) Ha “s
B2 90 Al N4 527 “w? 4]
A1 94 59 an/ ] 3
R4 Q7 Ml n3 S3c leh Sa
H5| 102 ~9 “9q% 213 Kl
RA 102 70 na 510 253 79
BTl 101 hY Son 3] 64
HA 9n A0 555 25 N4
K9 AR AG “q94 o7 9M
90 1n7 ) ere 72 A0
31 79 57 YA ah a7
9?2 an sl 495 09 31
93 9K A8 EE R T0 57
Q4 1n? NG L § GhH 0n S0
95 ]7 LY " 577 13 a3
9k 99 n anK 13 47
97 97 A T S17 0s Sa
) 9R In HH 533 S1 ~9
199 106 71 470 99 S4

[T = trace, less than 0.01 inches]
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TABLE 19.— Concluded.

Temperature, °F solar Wind
Day Rainfall, radiation, | "uns Pan Evaporation,
. Min. 0.01 in. langleys statute 0.01 in.
miles
2nn Moy " T wH) 109 4
20 :2 Hs 9] W/ 11~ 3:
202 . b.: 20 P wn 30
?(U ﬂk be S P M0 e’
PR ; '-\‘1 St Y 30
SK: Ql :: ant }(‘: 3/
“Sha L] “b
5"\\‘ l{;: :"; San ll’lh 91
Sar 3 aY
209 "': “r it 1nl 0
21N 10~ /1 . Son 174 1\
A1 I A 3l | 3
\ (™ G La] 9
1 an nh np PN 127 {‘!
Zla Hi b Do d \ /2 Wiy o i
I “' R I 140 139 A4
gis ha o at 26 oY 1l
;]k a “e : o g 1
el on | w9 ' e '3 .
2o an Qu 1 ol vl %%
22! u‘|) :.“ CO P ER} “l
,:1) :4‘ “ St 1) i8]
sl a | s |k ;
) v
2es| o " ' 2is A 51
226 1f *‘: a4 422 I~k Y
;27 :! Yy s/ 4 Sae 127 Sy
ol 3| 2 |5
230] 100 n 3o o 52
g:; _7“: kl 527 21s “l
RY ) Ghn 114 47
231 9> a5 S 1Ay Gk
./‘.“‘ 98 “e [ L) !’ in
2135 ?Z w7 | CFIN 224 nh
236 ;Q "l @9 b 47
?1: . nn AP Jl 117 S0
£ BT IO I I - 3!
240 Ha 52 V2 i:‘ 71 :3’5
24u) 4] 87 r 2 AT s
2up? 17 G7 1) A "o 1
263 79 55 Q7n 111 47
[T = trace, less than 0.01 inches]
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TABLE 20.- IRRIGATION DATA

[The irrigation information given below is for the entire
quarter section (160 acres)]

Field 1

Start date: June 16, 1978

Stop date: Sept. 12, 1978

Irrigation rate: 550 gal/min

Approximate system revolution time: 9 days

System off time: Approximately 1 day from start date
to stop date

Total water applied: =19.7 inches

Field 2

Start date: May 20, 1978

Stop date: Sept. 27, 1978

Irrigation rate: 550 gal/min

Approximate system revolution time: 9 to 10 days

System off time: about 7 days from start date to
stop date

Total water applied: =27.8 inches

Field 3

Start date: June 17, 1978

Stop date: Sept. 8, 1978

Irrigation rate: 425 gal/min

Approximate system revolution time: 8 to 11 days

Total number of revolutions: 8

Boom position: June 17, south; June 23, ESE;
June 30, south; July 7, east; July 14, NE; July 21, NW;
July 28, SE; Aug. 4, SE; Aug. 11, ENE; Aug. 18, SW;
Aug. 25, SE; Sept. 1, north; Sept. 8, south.

Total water applied: =16.3 inches
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These systems operated continuously unless otherwise noted in the table.
Each irrigation system is a rotary system located in the center of a quarter

section (160 acres). The location of each of the three fields, in relation
to the irrigation system, is shown in figure 5.

[}

Boom length =396 m (1300 ft)
Center pivot

of irrigation
boom

40 acres Test field location

D
aT—

1320 ft

Figure 5.— Irrigation system location as related to test fields 1, 2, and 3.
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4. TYPE II DATA

Data and samples were acquired from 43 fields in conjunction with seven air-
craft overflights. Fields 1 through 14 were included in these 43 fields.
Data consisted of soil moisture, bulk density, soil temperature measurements,
vegetation samples, and photographs for estimating surface roughness.

Aircraft overflights occurred on July 18, 20, 21, and 22 and August 8, 9,
and 11. Soil! moisture and soil temperature measurements were made the same
day as the aircraft overflights. Bulk density data, vegetation samples, and
photographs for estimating surface roughness were acquired the same week as
the aircraft overflights.

2 U BT R
7/18 199 6 4 76
7/20 201 7 5 76
7/21 202 8 6/12 76/194
7/22 203 9 7 76
8/8 220 25 8 76
8/9 221 26 9/13 76/194
8/11 223 28 10 76

Soil moisture data and soil temperature data are available on magnetic tape.

4.1 SOIL MOISTURE
4.1.1 SAMPLE ACQUISITION

Gravimetric soil moisture data were acquired at each of the 35 locations and
depths shown in figure 6. The samples for soil moisture were taken by local
personnel hired in the Colby area. These personnel were given a training
session along with the handout shown in appendix F, which defines the sampling
procedure used. Table 21 gives the sampling activity by field and day.

67



TABLE 21.— SOIL MOISTURE SAMPLING ACTIVITY BY FIELD AND DAY®

Julian day 1
Field
no. 199 | 200 | 201 | 202 | 203 | 220 | 221 | 223
1 - X X X P - -
2 X - X X C X X P
3 X - X X P X X X
q X - X X X X X X
5 C - X X X X X X
6 X - X X X X X X
7 X - X X X X X X
8 C X X X X X X
9 X - X X X X X X
10 X - X X X X X X
n X - X X X X X X
12 X - X X X X  § X
13 X - X X X X X X
14 X - X X X X X X
19 X - (& C -
20 X - X g p -
21 X - X 3 p - -
22 X - - - -
24 X - - - - X X -
25 X - X X X X - X
26 X - X P P P -
27 X - X X X X X X
28 - C - - - p P
29 - C - P P P X X
30 £ - - P P X X
3N C - p X - -
34 C - - - C - X -
37 C - C P X X X
38 4 C C ~ p X X
39 p - X - X X X X
40 X - - L X P X
43 C P X X X
44 X C X X X P
45 - - X X X
46 X X X X X X X
47 X X X X X X
e B —eeeeed
49 X X X X X X X
50 X X X C X X X
52 X X X X A X X
53 X — X X X X X -
54 X - X X X X X P
55 X - X X X - - -
56 - = = -~ P P P

9The following notations are used in the table:

X: Field well sampled (90 to 148 samples).

P: Partial data set (20 to 90 samples).

C: Abbreviated data sct (usually core samples only,
up to 20 samples).
No data available.
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maowlt-zsw—bi‘-zsw~+7250'4+—250'~+160'b
1 4
160’
NORTH 1o 16 * 214 26 NO —*—
250"
124 17(®) a3 224 a2e 27(e) 32+ —*—
36e ae 250°
134 184 a4e 23(e) 450 284 334 —%
37e a0 250"
14 19(e) 38% 244 39¢ 29(®) 34 ¢ +~
250
150 20+ 254 30 350 —-*—
160
L 4
' No. of No. of samples
Symbol Sample depths, cm Tacations per location Total
. 0-1, 1-2 10 2 20
+ 0-1, 1-2, 2-5 8 24
A 0-1, 1-2, 2-5, 5-9, 9-15 8 5 40
® 0-1, 1-2, 2-5, 5-9, 9-15, 4 6 24
0-15
® 0-1, 1-2, 2-5, 5-9, 9-15, 5 8 40
0-15, 15-30, 30-45
Total samples 148

Figure 6.— Sample locations and depth.
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4.1.2 SAMPLE PROCESSING

Soil samples were boxed and sent by truck to Agricultural Technology, Incor-
porated, in McCook, Nebraska. The soil samples were initially weighed within
48 hours of acquisition, then dried for 24 hours in a forced air oven at

1057 to/110° C, and reweighed. Soil moisture by weight was calculated as
follows:

. wet weight - dry weight
eg dry weight x 100.

The sampler container (metal can and 1id) was weighed along with the soil sam-
ple during all weighings. After drying, the soil sample was removed, the
container and 1id weighed, and this weight subtracted from sample weights.

Tests were conducted at the site to determine whether loss of soil moisture
from the cans, before they were weighed for the first time, would lead to
unacceptable errors in the soil moisture estimates. Later, other laboratory
tests were performed to investigate this question (see appendix G). All of
these tests indicated that the moisture losses were minimal.

Soil moisture data are available on magnetic tape (nonlabeled EBCIDIC IBM
format with 80-character card images blocked in 10 cards per record and with
9 tracks at 800 bpi). An example of the data listing is shown in table 22.
Table 22 gives the soil moisture by weight and provides two columns for the
times of acquisition. The appearance of only one time indicates the time the
sample was taken. Time given in both the T1 and the T2 columns indicates
that the exact time of sampling is uncertain but that sampling occurred be-
tween T1 and T2. The appearance of a zero in both columns indicates that

the time of sampling is unknown.

4.2 BULK DENSITY

Bulk densities were measured using undisturbed core samples, from indicated
depths, from locations 12, 19, 27, and 29. This was completed for 36 fields.
The results are given in table 23.
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TABLE 22.— SOIL MOISTURE DATA!
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TABLE 23.— BULK DENSITY
[Bulk density in g/cm3; sample depth in cm]

SAMPLE DEPTH
FIELD LOCATION

0-2 28 59 916 18-30 3048

—_ -
achit 1
e
ot
e
G-
——
=3
ale
3 B
P pen =3
b
'b
:
N
&

Dl
ol

Jrs -
OIS
Drr

o ele
ol
2R
i

e i 0. 98 1.94 1.1 ie2 1.0% 1.37
P=g 19 S 1.0% 1.283 S 1.34 1.4%
& P 1.12 1.86 ada 1.4 Lot L.44
2 &3 1.02 1.16 =13  9.50 1,05 1.28
3 17 A, iy 1.92 1.00 1.22 - 153
3 2 1.83 0.93 1:13 1.7 1.2w 1.30
3 &7 1.19 1.56 3 et i.23 1.2¢ 1.27
- 23 Q.42 1.02 1.06 1.2 1.39 1.724

4 17 1.2 1,05 1.01 1.24 1.30 1.2%
4 19 1.26¢ .99 0.93 Q35 1 1.32
4 =7 L.05 1111 iaig 1.30 1:37 s T
4 o9 1.0e 1:83 1.12 L o 1.42 i1.21
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TABLE 23.— Continued.

FIELD LOCATION
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TABLE 23.— Continued.
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4.3 SOIL TEMPERATURE MEASUREMENTS

Both soil thermometers and thermocouples were used to measure soil tempera-
tures during the first set of overflights, and only thermocouples were used
during the second set of overflights. Measurements were made in four fields,
during each flight day, at 0.5, 1.5, 3.5, 7.0, 12.0 and 22.0 centimeter depths.
Measurement locations are listed in table 24 and shown in figure 6.

A1l thermometers and thermocouples were calibrated in the laboratory after
all flights were complete. The corrected soil temperature readings are

given in table 24.

4.4 VEGETATION SAMPLES

Vegetation samples were acquired in tields with green growth. Samples con-
sisted of three plants for corn and milo and 0.092 square meter (1 foot square)
for pasture. Samples were acquired at two locations in each field. Measure-
ments of row sbacing and plant density were made for each field. Plant

samples were weighed, dried, and reweighed to determine total moisture con-
“ent. Moisture density was computed for each plant sample from the relation:

wet weight of plant - dry weight of plant
plant height

Moisture density = = plant density.

The data are given in table 25.

4.5 SURFACE ROUGHNESS

Surface roughness data consist of a series of photographs. Panels 3 by 4 feet
were placed edgewise in the ground so that the interface between the panel

and the soil surface formed a line across the face of the panel. The panel
was marked with a 2.54-centimeter (1-inch) grid. This panel was placed both
perpendicularly and horizontally to row direction, or north-south and east-
west for non-row fields, and was photographed. An example of the photograph
is shcwn in figure 7.

Surface rcughness photoqraphs were acquired from fields 1 through 14, 20, 31,
37, 39, 40, 44, 46, 47, 49, 50, 52, and 53.
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TABLE 24.— ASME GROUND-TRUTH TEMPERATURE DATA FOR THOMAS COUNTY, KANSAS

[Temperature values in °C; depths in cm]

(a) Field 3

YEAR DAY  LOCATION TIME (S) 0.5 1.5 3.5 7.0 12.0 22.0
78 199 23 1050 22.6 22.7 22.6 23.2 24.4 23.8*
78 199 23 1430 36.1 30.8 29.5 27.1 25.2 25.5*
78 199 23 1450 33.9 31.3 29.0 27.1 - i
78 199 23 1630 32.6 29.8 28.4 27.1 - - ®
78 202 23 1235 31.7 24.5 23.6 22.8 - -
78 202 23 1235 28.2 28.0 26.8 25.4 - - &
78 202 23 1610 29.8 27.8 29.5 28.3 - -

78 203 23 1118 2.4 20.5 22.4 21.0 - - ¢
78 203 23 1121 24,2 21.3 - - - -

8 203 23 1310 24.4 25.2 26.2 22.7 - - ¢
78 203 23 1313 31.2  22.5 - - - -

78 203 23 1445 27.9 29.8 26.5 23.8 - =
78 203 23 1450 25.9 24.5 26.5 27.5 22.7 22,3
78 203 23 1610 23.5 25.6 24.9 23.8 22.5 -

78 203 23 1615 27.7 25.7 26.4 25.7 23.3 22.5
78 220 38 1325 28.6 24.2 27.1 28.0 - -

78 220 38 1600 33.6 24.8 27.2 26.6 22.6 -

7 220 39 1250 23.4 23.2 2.5 20.5 - -

78 220 39 1545 25.4 24,7 24.5 22.2 - -

78 220 42 1240 24.0 24.6 - 19.9 - -

78 220 42 1540 25.6 26.3 - 22.6 - -

78 220 43 1310 26.8 23.4 23,4 22.4 - -

78 220 43 1555 25.6 23.9 24.2 - - -

78 220 44 1305 24,3 23.0 23.9 22.1 21.4 19.6
78 220 LE) 1550 32.2 24.1 25.2 23.2 21.9 20.1
78 220 a5 1230 22,9 26.2 22.2 19.4 20.3 19.3
78 220 45 1535 25.4 25.6 24,7 21.5 22.9 19.6
18 221 38 1135 24,6 22.0 23.6 Z8.6 - -

78 221 38 1215 28.1 22.5 25.7 ?6.2 - -

78 221 38 1525 23.5 24.0 25.6 29.0 - -

78 221 38 1600 23.3 23.6 25.8 29.0 - -

8 22 39 1130 21,5 20.9 21.1 19.5 - -

7 221 39 1210 22.2 22.0 2.0 20.1 - -

78 221 39 1520 24.2 23.7 23.7 22.1 - -

78 221 39 1555 23.9 23.5 23.5 2.0 - -

18 221 42 1120 2.4 21.3 - 19.5 - S

78 221 42 1200 23.7 22.0 - 19.9 - -

78 221 a? 1510 25.¢ 2b.] - 21.9 - -

78 221 42 1545 24.6 24.9 - 22.0 -

78 2?1 43 1145 21.9 20.7 20.3 19.4 - -

78 221 43 1225 22.6 21.4 20.9 20.2 - -

78 221 43 1535 28,6 23.4 23.1 22.6 - -

8 221 43 1610 24,5 22,9 22.9 22.4 -

78 221 44 1140 24.8 20.6 20.9 19.8 19.3 20.2
78 21 44 1220 4.4 21,4 21,7 20.4 19.6 -

78 221 a4 1530 24.0 23.6 23.9 23,2 21.6 -

78 221 44 1605 23.8 Z72.7 24.0 22.9 20.9 -

78 221 45 1125 21.0 21.2 20.6 19.2 19.6 19.6

7 22 45 1205 22.7 23.8 21.4 9.6 20.2 19.6
78 22! 45 1515 2.1 24,6 23.6 21.4 22.2 19.9
78 221 45 1550 23.9 24,4 23.6 21.3 22.1 19.9
78 223 35 635 2.8 12,1 1721 170 - -

78 223 38 70 16.5 16.9 16.9 16.0 - -

* "EASUREMENT BY THERMOMETER
- MISSING OR DELETED DATA
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DAY

223
223
£23
223
223
223
223
223
223
223
223
223
223
223
223
223

LOCATION

38
39
39
39
42
42
42
43
43
43
44
44
LR
45
45
45

TABLE 24.— Continued.

(a) Field 3, concluded

TIME (S) 0.
915 19,
630 6.
705 16.
910  18.
620  17.
655 7.
900  18.
645 16
720 16.
925 8.
640 7.
75 6.
920  18.
625  16.
700 6.
905  18.

* MEASUREMENT
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YEAR

78
78
78

DAY

199
199
199

TABLE 24.— Continued.

(b) Field 4
LOCATION TIME (S) 0.5 1.5 3.5
23 1150 36.3 34.5 30
23 123 51.9 46.7 37
23 1520  60.6 51.4 40.

* MEASUREMENT BY THERMOMETER
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oAY

199
199
199

201
201
201
201
201
201
201

202
202
202
202
202
202
202
202

203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203
203

220
220
220
220
220
220
220
220
220

TABLE 24.— Continued.

(¢) Field 7
LOCATION TIME (S) 0.5 1.5
2 1205  49.9 38.7
23 1230 47.7 41.9
23 1605  58.8 54.3
7 M3 28.9 30.2
18 106  29.6 27.5
19 N21 30,0 29.3
23 1100  28.1 27.5
23 N00  27.4 28.7
28 105  30.1 28.1
29 1047  27.9 26.6
17 120  23.5 25.6
18 Mo 25.9 22.8
18 1540  33.0 32.4
19 1535  33.9 34.0
2 N3  22.3 23.1
23 32 23.9 24.5
28 1140  27.9 25.5
29 1150  25.6 25.4
7 1025  21.9 22.8
7 1209  25.1 26.0
17 1350  29.8 30.0
17 1525 30.4 31.5
18 1020  23.6 21.9
18 1206  26.6 26.3
18 1345 31.2  29.9
18 1521 31.3  30.4
19 1012 21.5 22.3
19 1155  25.4 29.7
19 1332 29.1 31.9
19 1515 30.1 33.1
23 1032 22.9 22.2
23 1037 21.7 22.9
23 1215 26.5 26.3
23 1220  26.3 27.8
23 1332 29.3 31.6
23 1400 33.0 33.9
2 1532 30.7 31.6
23 1535  29.4 28.8
28 1045 - 22.3
28 1228 33.9 25.2
28 1306  41.7 3.5
28 1540  34.3 29.4
29 1050  23.7 22.3
29 1240  28.7 25.9
29 1412 32.0 30.3
29 1545  31.3 29.4
13 1055 - 5.6
13 1405  47.6 47.1
17 1M00  34.9 3.6
17 1410 44.0 44.2
18 1105  45.4 34.3
18 1415 44.9 42.5
19 1050  31.2 28.8
19 1400  43.6 40.2
22 M5 40,1 37.8
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TABLE 24.— Continued.
(c) Field 7, concluded

~
o
-
~
o
n
o
o

DAY LOCATION TIME (S) 0.5 1.5

|
I
|
|

220 22 1425 48.0 38.9 31.9 27.8 25.2 -
220 23 1110 - 37.3 29.6 26.6 23.0 23.1
220 23 1420 55+ 55+ 39.2 34.9 27.7 22.7
220 24 1140 42.4 25.4 25.7 23.0 - -
220 24 1445 44.5 49.5 36.6 34.5 26.2 -
220 27 1120 38.0 37.4 29.7 23.9 - -
220 27 1430 55+ 55+ 35.6 27.6 - -
220 28 1125 42.1 34.9 27.6 23.6 - 23.3
220 28 1435 55+ 47.6 37.0 27.6 - 4.8
220 29 1130 28.1 3.5 30.3 23.0 - -
220 29 1440 35.9 49.6 38.0 34.1 - -
221 13 1015 35.7 33.2 23.1 22.2 2.4 -
221 13 1320 55+ 55+ 33.2 31.0 25.6 -
221 13 1435 47.1 49.6 35.6 33.7 27.4 -
221 17 1020 28.3 26.9 23.2 - - -
221 17 1325 44,2 43.8 31.1 - - -
221 17 1440 44.6 46.0 33.5 55+ - -
221 18 1025 28.4 - 22.9 22.1 - -
221 18 1330 44,9 55+ 29.1 25.6 - -
221 18 1445 45,9 55+ 30.7 27.1 55+ -
221 19 1010 25.8 25.2 22.1 - - -
221 19 135 42,2 39.6 32.2 - -
221 19 1430 45.1 40.9 35.1 - - -
221 22 1035 28.5 29.6 23.7 22.1 22.2 -
221 22 1340 55+ 37.0 31.7 25.8 24.8 -
221 23 1030 37.1 30.6 25.7 23,7 22.6 23.3
221 23 1335 55+ 55+ 37.9 33.2 27.0 23.2
221 24 1055 28.6 30.5 23.9 23.2 22.4 -
221 24 1400 42,9 49.7 35.7 32.7 25.6 -
22) 27 1040 34.2 30.4 25.5 22.6 - -
221 27 1345 55+ 45.4 36.3 26.8 - -
221 28 1045 3.6 29.9 24.4 22.6 - 23.2
221 28 1350 45.0 40.6 33.5 27.0 - 24.8
221 29 1050 - 29.1 26.0 22.5 - -
221 29 1355 37.3 48.7 36. 32.0 - -
223 13 515 16.6 5.4 21.6 22.1 23.1 -
223 13 750 17.9 17.4 20.6 20.9 22.3 -
223 13 940 36.1 34.2 22.6 21.7 22.2 -
223 17 520 19.4 19.0 21.9 = = =
223 18 525 19.1 - 22.9 24,1 - -
223 19 510 16.1 19.9 20.9 20.6 - -
223 22 535 18,2 19.2 21.7 23.1 23.9 -
223 2 820 20.1 20.8 21.1 22.4 3.2

223 22 950 29.1 29.1 24,5 22.6 23.0 -
223 23 53C 17.0 18.5 21.4 22.5 24.3 25.4
223 23 815 - 19.0 20.7 21.4 23.3 24.8
223 23 945 - 9.1 24.6 23.1 23.1 243
223 2 555 18.9 7.2 20.6 21.5 24,2 -
223 24 833 - - 20.6 21.1 23.4 -
223 24 985 - - 22.6 22.7 23. -
223 27 540 18.0 19.4 21.5 23.8 - -
223 28 545 15.8 20.0 - 23.9 - 25.6
223 29 550 17.6 19.2 20.5 22.1 - -
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TABLE 24.- Continued.

(d) Field 8
LOCATION TIME (S) 0.5 1.5
23 1320 49.8 37.8
23 1615  39.3 40.6
23 1650  47.0 40.6
7 1158 . -
7 1303 . .
17 1407 - .
17 1517 - -
18 1155 - -
18 1300 - -
18 1404 - -
18 1515 5 =
19 1203 - N2
19 1306 - 339
19 1410 - 36.8
19 1521 - 319
23 1152 - .
23 1257 . .
23 1402 - .
23 1512 - .
28 n47 w3 -
28 125 3.5 -
28 1359  40.5 -
28 1508  42.2 -
29 1145 29.7 29.8
29 1251 - .
29 1356 . .
29 1505 . -
7 1045 - .
17 1124 . -
17 1152 . .
17 1240 . -
7 1402 . .
17 1447 - 326
18 1043 - .
18 1122 - .
18 1149 < .
18 1238 2 .
18 1357 . 2
18 1443 33.9  29.4
19 1048 -2
19 127 - 23.8
19 1155 - 26.6
19 1243 - 286
19 1406 - 29.6
19 1452 - 3
23 1040 - o
23 1119 . .
23 1147 - :
23 1236 . :
23 1352 - .
23 1480 3.4 -
28 1037  23.8 -
28 mr 4.4 -
28 1145 26.6 -
28 123 29.8 -
28 133 30.7 -
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DAY

202
202
202
202
202
202
202

203
203
203
203
203
203
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203
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203
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203
203
203
203
203
203
203
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220
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220
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TABLE 24.— Continued.
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22.
25.
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32.3
34.4
44.9
29.9
32.0
26.4
30.2
32.2
26.6
31.4
34.0
27.4
31.1
33.0
26.5
30.2
31.9
27.0
31.9

(d) Field 8, continued
LOCATION TIME (S) 0.5 1.5 3.5
28 1437 33.4 - 30.
29 1033 . . 5
29 Mma . . .
29 1142 - - -
29 1231 - - -
29 1330 . s .
29 1433 30.3  30.1 28,
17 929 - 22.8 20.
17 1055 - 300 22
17 1237 - 33.7 26
17 1348 - 33.8 28.
17 1536 - 30.7 29.
18 926 20.0 20.4 -
18 1051 23.0 21.5 -
18 1233 26.6 24.6 -
18 1346 29.4 26.0 -
18 1530 28.7 27.0 -
19 933 - 21.0 20.
19 1058 - 23.8 22
19 1242 - 27.9 25
19 1352 - 29.5 27
19 1543 - 33.0 28
23 923 21.4 - 19.
23 1048 23.0 - 26,
23 1230 29.3 - 24
23 1343 31.8 - 26,
23 1524 31.8 - 28
28 921 20,6 - 20.
28 085 231 - 2.
28 127 291 - 2.
28 1340 31.4 - 28.
28 1517 30,7 - 29,
29 918 20.3 19.1 19
29 1042 21.9 21.0 21
29 1224 26.3 25.0 24
29 1337 "8.3 27.5 26
29 1508 28.9 28.4 28.
13 1148 46.2 32
13 1345 - 51.9 -
13 1455 - 53.0 -
17 1153 43.1 45.1 45
17 1349 60.4 46.1 39
17 1501 51.9 45.9 41
18 1158 48,4 45.0 3
18 1355 48.9 45.7 36
18 1505 52.8 49.4 38.
19 1142 38,1 42.4 -
19 1339 52.4 48.4 -
19 1448 53.8 49.2 -
22 1208 44.3 41.8 40
22 1408 58.7 44.9 43
22 1521 59.5 46.7 43
23 1203 43.1 36.2 N
23 1403 49,2 49,7 37
23 1512 51.6 43.5 37
24 1231 47.6 51.6 k)|
24 1627 57.2 47.8 35
24 1546 56.4 42.7 37
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TABLE 24.— Continued.

(d) Field 8, continued

TIME (S)
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LOCAT 10N

TABLE 24.— Continued.
(d) Field 8, concluded

TIME (S)

803
616
735
824
612
733
819
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749
835
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DAY

201
201
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201
201
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201
201
201
201
201
201
201
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201

202
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202
202
202
202
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203
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203
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203
203
203
203
203
203
203
203
203
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202
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TABLE 24.— Continued.

LOCATION TIME (S)
17 1229
17 1332
17 1442
17 1549
18 1226
18 1328
18 1439
18 1546
19 1233
19 1335
19 1445
19 1553
23 1223
23 1325
23 1430
23 1543
28 1220
28 1323
28 1433
28 1540
29 1217
29 1320
29 1430
29 1537
17 1415
17 1524
18 1424
18 1521
19 1100
19 1435
19 1528
23 1410
23 1518
28 1400
28 1515
29 1350
29 1512
17 1002
17 1132
17 1312
17 1433
17 1622
18 959
8 1129
18 1309
18 1430
18 1616
19 1006
19 1135
19 1315
19 1436
19 1627
23 955
23 1126
23 1306
23 1427

(e) Field 9
32,1 33.2 30.8
4.1 353 33.2
6.5 37.9 35.9
36.9 37.7 37.3
3.6 3.7 0.6
35.6 3.4 337
8.5 37.2 M2
37.8 37.4 3.9
3.8 321 30.3
33.9 34.6 33.2
36.6 361 35.5
3.5 35.4 3.6
.7 329 3.0
39.0 35.4 33.C
43.2 38.4 36.8
4.3 39.6 37.4
33.1 3.8 30.6
3.6 34.4 33.7
8.2 3.3 35.6
38.8 38.2 36.9
4.2 35.2 6.0
8.9 38.2 1356
35.6 42.3 39.9
45.6 40.4 41.2
29.7 29.2 28.5
30.6 30.8 31.1
3.5 30.3 28.6
33.5 32.0 30.7
23.0 23.7 23.6
3.4 300 29.1
N.2 32.0 30.5
30,7 29.8 29.3
7.4 32.8 3.6
29.1 3.3 28.8
32.8 32.0 30.3
29.1  30.0 29.6
33,4 34,0 32.4
20.1 20.0 20.4
248 28,2 22.4
26.7 26.8 25.3
27.2 27,2 25.8
26.4 261 25.9
2.5 20.9 19.9
25.0 22.9 21.4
.5 26,5 24.7
33,7 28.5 26.6
32,0 30.3 29.1
21,4 2.8 19.7
24.5 25.2 2.5
21,2 21.6  24.0
27.4  21.6 25.0
26.6 25.9 26.8
22,7 2.2 2.3
25.0 23.2 22.1
30.6 27.0 25.3
3.7 289 27
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TABLE 24.— Continued.

(e) Field 9, continued

LOCATION  TIME (S)
2] 1611
28 952
28 1123
28 1303
28 1424
28 160%
29 948
29 120
29 1300
29 1421
29 1600
13 1032
13 131
13 1428
13 1515
17 1038
17 1316
17 1433
17 1519
18 1044
18 1322
18 1437
18 1522
19 1026
19 1306
19 1419
19 1512
22 1056
22 1333
22 1445
a2 1529
23 1050
23 1327
23 1441
23 1525
24 119
24 1356
24 1502
24 1548
27 1103
27 1337
27 1449
27 1533
28 1109
28 1344
28 1453
28 1540
29 1114
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29 1458
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17 1047
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TABLE 24.— Continued.

(e) Field 9, continued

TIME (5)

1215
1354
1517
1052
1148
1247
1357
1521
1040
1136
1237
1344
151
1068
1155
1255
1413
1527
1055
1152
1252
1409
1524
1114
1217
1317
1426
1102
1207
1258
1416
1531
1106
1212
1309
1419
1535
1109
1215
1314
1423

538
JAL)
801
847
550
"7
804
850
722
607
855
532
m
758
844
729
E16
903

& O
v

R
MOV OVONWOLLEBOLVRRNWDUOW

> e & b

TN EeaBWwnmoedbedsbww "B s £
Mty “ e e ® e o o e e e
—DO s S>DBNO

P e
N oYW
-

~nN
w
NwNrNvoO OO\ OO

BT B bW w WL B
RIS ERERRENSSEERESE
BBW——=ORNOOVNNN—=MNWBRAN WU~ |

g5
~NoOoON

PO P ot ot DY ot ot ek P it
VONDED OO —ODOw
ODOOMBEODN—-DOONN

[2

“
w

3

WP BN— WD

WNWWWwWw W
ONNOIDE —=-NO

211
20.1
20.3
2.7

* MEASUREMENT BY THERMOMETER
- MISSING OR DELETED DATA

89

~
o

I

WRMNN WL RN NN RN NN
OwVvwOraEaN—~ONVMODZO
R R T e et et
ONWNNB WO WO W

~
~N
—— N

~N

~
B s & & 9 & ® ® ®
bBwoovarmrA_AOND

—
~
L=}

RN NN RSN WM

o S
WNONAWDORBWO @S
OUVDONMBWWODWAND —O

26.6

24.5
23.8
23.5
23.3

22.8
2.5
22.3
23.5
23.4
23.2
24.5
23.6
23.4
23.1
23.6
23.5
23.3

23.6
25.8
24

26.7

23.2
23.2

24.5

22.9

L I B



oAY

223
223
223
223
223
223
223
223
223
223
223
223
223
223
223

TABLE 24.— Concluded.

(e) Field 9, concluded

LOCATION  TIME (S)
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APPENDIX A
ADDITIONAL COLBY DATA AVAILABLE

In addition to the data listed in the body of this report, the following
information on the Colby area will be a:iilable in the near future.

"

Photomosaic — The seven flight lines were flown at 2438 meters (8000 feet)
on June 18, 1978, by the C-130 aircraft. Photographs were acquired for
construction of a semicontrolled photomosaic for locating aircraft sensor
data on the ground to *+15 meters (+50 feet).

Available date: September 1979
Source: See note 1

Photograph overlays — Overlays defining principal point of each photo-
graph are available for days 199 and 201. These are keyed to line and
run.

Available date: September 1979
Source: See note 1

Thomas County soils map — A soils map is being constructed by the U.S.
Department of Agriculture Soil Conservation Service in Colby. This map
shows soil type and slope for individual fields.

Available date: January 1980

Source: Soil Conservation Service
Box 525
750 South Range
Colby, KS 67701
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APPENDIX B
EQUIPMENT LIST

The following equipment was used in support of 1978 ASME data collection at
Colby, Kansas.

[tem Vendor Model no. Serial no.
Thermistor thermometer | Omega Engineering 46 875011-45577
Thermocouple voltage Wescor TH65 8177134
measuring instrument
Thermocouple voltage Wescor TH65 8177133
measuring instrument
Thermocouple voltage Wescor TH50 1244
measuring instrument
Reference standard/ Barnes Engineering 102315
infrared field Company
thermometer
Scientific grieve Fischer 13-261-32 992
mechanical oven
Scientific grieve Fischer 13-261-32 1013
mechanical oven
Analytical balance Mettler Instrument Corp. | E200 590986
Analytical balance Mettler Instrument Corp. | E200/344 590987
top loading
Scientific oven Napco 630-7 2-73-1163-22
(forced air)

220 volts

Portable meter Lambda Electronics L13000 PAM 156741
area readout

Conveyo: belt Lambda Electronics LI3050A TBA 129-7501
accessories

15-bar ceramic Cat. #1500

plate extractor

Pressure contro! Cat. #700-2

manifolds

Soil core sampler Cat. #200

(for bulk density

samples)

Scientific Scientific

thermometers (27)

Thermometer Cal. #C14983
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APPENDTX C

ASME TEST FIELD OPERATORS

The following is a list of ASME test field operators for Thomas County in 1978.

Operator

Address

Field no.

Ralph Albers
James Bartlett

Clem Bremenkamp

Cornstock Farms, iInc.

td Goossen

William Engelhardt
Glendora Grover
John G. Hansen
Harold Herbel
Frank Howard

Les Keller

Verlan Olson

H. A. Regier
Dennis P. Ryan
Cyril H. Saddler
Charles W. Schroeder
Henry Siebert
Wight Sims

Ivan Steinle
Stephens Farms, Inc.
Mrs. Carl Stephens
Joseph Stevens
Frank Vacin

George Wiens
Clarence F. Wilson

Robert t. Zelfer

Oakley, Kansas
Colby, Kansas
Colby, Kansas

Colby, Kansas

Colby, Kansas
ODakley, Kansas
Colby, Kansas
Colby, Kansas
Oakley, Kansas
Oakley, Kansas
Russell, Kansas
Colby, Kansas
Colby, Kansas
Colby, Kansas
Colby, Kansas
Colby, Kansas
Ockley, Kansas

Colby, Kansas

Menlo, Kansas

Colby, Kansas
Colby, Kansas
Monument, Kansas
Colby, Kansas

Colby, Kansas

49
n

29, 30

12

9, 45, 46
52

19, 20

50

2, 6, 13, 24,
26, 28, 43, 54

47

10, 44
53
16
37, 38
39, 40

10/




APPENDIX D
ON THE DESIGN OF AN EXPERIMENT TO MEASURE SOIL MOISTUREC USING MICROWAVE DATA

By R. S. Ckhhikara and N. E. Marquina
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1. INTRODUCTION

An application of microwave sensing that has stimulated the interest of soil
scientists in the last few years is the remote measurement of soil moisture.
This application is felt to be viabie b_cause laboratory measurements have
demonstrated that the microwave permittivity of soil is highly dependent on
soil moisture. However, other factors such as nonhomogeneities in the soil,
the geometry of the surface boundary, and vegetation above the soil interact
with the electromagnetic energy and affect the microwave response of the soil
(ref. 1).

Techniques have been developed for extracting soil moisture information from
data acquired with microwave sensors. A significant correlation exists between
the radar back scattering coefficient UO and the soil moisture in the top layer
of soil as shown in reference 2. However, to demonstrate the capability of
estimating soil moisture remotely, more experimental work is required. Data
collection and analyses should be based on a well-designed experiment, in

which consideration is given to the full range of physical conditions influenc-
ing the soil moisture and the different microwave sensing factors that would
influence uo.

During July and August 1978, an extensive data set was gathered at a site near
Colby, Kansas, to support the development of algorithms to estimate surface
soil moisture from 7 and other remotely sensed parameters.

The study described here was carried out to aid in the determination of how
mary fields per crop type needed to be sampled at Colby. It includes the
eifect of physical factors affecting soil moisture such as soil, slope, and
vegetation type and factors affecting the microwave sensors such as frequency,

angle of incidence, and polarization.
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2. STATISTICAL ANALYSIS

2.1 DATA ANALYSIS APPROACH

The regression analysis approach may be uscd ~o study the dependence between

0 and the soil moisture, X. However, when data for JO

are obtained using
different frequencies, polarizations, and angles of incidence, a more suitable
apprcach 1s to analyze the data by performing an analysis of covariance, a
technique that combines the features of analysis of variance and regression
(ref. 3). The analysis-of-variance part of the analysis of covariance is
primarily to investigate the error sources resulting from different confiqgura-

tions in operating the microwave sensors.

The follewing model* relating o to the soil moisture X is assumed:

WQ. ='-+\1.+f).+\ +l(x -X)‘P(..

ijkl " i J k ijkl ijkl (1)
where ;i represents the overall mean for JO. o is the effect cf the i*» polar-
ization, AJ is the effect of the j:/: frequency, Yk is the effect of the k:#
angie of incidence, 2 is the regression coefficient of :0 on X, and the Ci k1
are the resi uJals.
The choice of levels for the three factors (frequency, pelarization, ana angle
ot incidence) depends upon the aveilability of data for rO. The following

levels are considered in the present study:

e frequency: 4.25 gigahertz, 5.25 gigahert:
e Polarization: horizontal, vertical
e Angle of incidence: 0, 10

The soil moisture is considered for the top 5-centimeter layer of the soil.

The data analysis using model (1) is considered for beth Jigetative and

e

. L. . . 0., . ' R )
for estimating soil moisture from o7, it is more appropriate to reqgress X on

However, not enough observations of X are available to permit an anal-
vsis of covariance if this change is made in the model.

Ve
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nonvegetative (bare soil) conditions. Only wheat and corn fields are included
for vegetation. This limitation was purely due to the availability of data
described in section 2.2. A separate analysis is made for each crop.

The basic objective of the data analysis using the suggested approach is (1) to
determine whether the dependence of 00 on soil moisture is significant, (2) to
determine whether each of the factors (frequency, angle, and polarization) has

0, and (3) to estimate the error variance (i.e.,

a significant effect on o
inherent variability) of 00 by removing the variability in 00 caused by soil
moisture and the three factors. An unbiased and reliable estimate of the error
variance is needed to estimate the number of fields to achieve an efficient
sampling design. The estimation of the required number of fields is discussed

in section 3.

2.2 DATA USED IN THE ANALYSIS

The data considered in the present analysis are given in the appendix and cor-
respond to different experimental conditions. These data sets are described

in detail in references 4 and 5. The data consist of soil moisture in the

top 5 centimeters of the soil and oo. They include (1) data on five bare soil
fields near Garden City, Kansas, collected between September 12 and October 13,
1975 (ref. 4); (2) data on four corn fields near Lawrence, Kansas, collected
between May 21 and August 22, 1975 (ref. 5); and (3) data on seven wheat fields
near Lawrence, Kansas, collected between May 20 and July 9, 1975 (ref. 5).

One observation per field was chosen for the analysis. The criterion for
choosing the observations was the time factor. An attempt was made to select
the observations to be as close as possible in time of day and time of year.
Most of the selected observations were made between 10:00 a.m. and 12:00 noon,
but they varied widely with respect to time of year. Thus, the data available
did not allow complete removal of the time factor from the analysis.

For each soil moisture observation, there are 2x2x2 = 8 observations for oo
corresponding to two frequencies (4.25 and 5.25 gigahertz), two polarizations
(horizontal and vertical), and two angles of incidence (0° and 10°). The soil
moisture in the top layer of 5 centimeters is obtained by taking the weighted

b



average of those in the 0- to 1-, 1- to 2-, and 2- and 5-centimeter depth
layers. The width of a depth layer is used as weight.

2.3 RESULTS
2.3.1 ANALYSIS OF THE COMPLETE DATA SET

Tables 1, 2, and 3 give the results of the analysis of ccvariance performed on
bare soil, wheat, and corn data, respectively. Each table shows the sources of
variation in oo, their mean square errors, the value of the Fisher statistic F,
and the computed significance levels. Also given is the residual mean square
error, which is an estimate of the error variance. The significance level
measures the likelihood of committing error in rejecting the hypothesis of no
effect on 00 due to a source of variation. The variation due to soil moisture

0

indicates the degree to which o~ depends upon the soil moisture in the top

5-centimeter layer.

The following inferences are made from these results by testing the hypothesis
of no effect at the 5-percent level of significance:

1. There is a highly significant dependence of a0 on soil moisture in the
0- to 5-centimeter depth layer for bare soil, wheat, and corn; it is the
highest for bare soil.

N
.

The angle of incidence has a significant effect on uo for bare soil, wheat,
and worn.

3. The error variance estimates are 24.54, 35.25, and 16.89 for bare soil,
wheat, and corn, respectively. A hig error estimate for wheat seems
partly due to the time factor since wheat data were collected over a
period of 2 months.

2.3.2 ANALYSIS OF INDIVIDUAL DATA SETS

The relationship of o0 to soil moisture was studied separately for each con-
figuration of instruments (i.e., a specified level for each frequency, polar-
ization, and angle of incidence) and crop type. A set of regression analyses
of different data sets was made using the simple linear regression model,

y{

/0



TABLE 1.— ANALYSIS OF

COVARIANCE PERFORMED ON BARE SOIL DATA

Source.of Degrees ;; Sum of Mean square F Significance

variation freedom squares error of F
Soil moisture 1 1601.21 1601.21 65.2 0.000
Polarization i .05 .05 ) .965
Frequency 1 4,62 4,62 .19 .667
Angle 1 310.24 310.24 12.64 .001
Error 35 858.85 24 .54
Total 39 2774 .97 71.15

TABLE 2.— ANALYSIS OF COVARIANCE PERFORMED ON WHEAT DATA

Source of Degrees of | Sum of Mean square F Significance

variation freedom squares error of F
Soil moisture 1 545.00 545,00 15.46 0.000
Polarization 1 2.08 2.08 .06 .809
Frequency 1 2.75 2.75 .08 .781
Angle ] 383.78 383.78 10.89 .002
Crror 51 1797.97 35.25
fotal 55 2731.58 49.66




TABLE 3.— ANALYSIS OF COVARIANCE PERFORMED ON CORN DATA

Source of Degrees of | Sum of Mean square F Significance

variation freedom squares error of F
Soil moisture 1 200.70 200.70 21.78 0.000
Polarization 1 1.80 1.80 .20 .662
Frequency 1 4.96 4.96 .54 .469
Angle 1 67.28 67.28 7.30 12
Error 27 248.76 9.21
Totai 31 523.50 16.89

~
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0
g =BO+BIX+C’ (2)
where 80 and B] are the regression coefficients and €, the random error for
oo, is assumed to be independent of X.

Let 00
fit of data to the above model. Suppose that s

= b0 + b]X be the regression equation obtained from the least-square
2 is the residual mean square

error given by

2 1 &0 o)
S —ﬁ°°_—2~1; (01-01)

where n is the number of data points used in obtaining a regression equation
and o? and G? are, respectively, the observed and the predicted back scatter-
ing coefficients for field i. A smaller s2 would indicate that the soil mois-

ture is a good predictor of 00 or vice versa.

Table 4 presents the results of these regression analyses. The table contains
the values of bO’ b], r (the correlation coefficient between 00 and soil mois-
ture), and 52. In addition to the two levels (0° and 10°) of the angle of
incidence considered in section 2.3.1, the 5° angle is included for bare soil
only. The 0° data corresponding to the 5° angle of incidence were not avail-

able for wheat or corn.

These results indicate a significant correlation between JO and soil moisture.
An exception occurred in the case of wheat using 4.25-gigahertz frequency and
the 10° angle. The results for bare soil are more consistent and illuminating
when compared to the other two cases. The value 52 decreases significantly
when going from 0" to either 5° or 10°, but there is no significant difference
between the results at 5° and at 10°. Increasing the frequency from 4.25 to

2 significantly. The instrument

5.25 gigahertz does not increase or reduce s
configuration of vertical polarization, 5.25-gigahertz frequency, and 5° angle

gives the highest correlation coefficient and the smallest value for 52.
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TABLE 4.— REGRESSION ANALYSES OF BACK SCATTERING COEFFICIENT DATA

Regression Horizontal polarization Vertical polarization
Angle of coefficients
incidence, ° | and parametric | Frequency, | Frequency, | Frequency, Frequency,
values 4.25 GHz | 5.25 GHz | 4.25 GHz | 5.25 GHz
Bare soil
0 b+ | -a6.5 -44,09 -45.73 -45.07
b 166.86 154,59 165.94 158.25
r .84 .85 .83 .86
s2 3.152 24.801 34,617 24.480
5 b -30.68 -31.62 -34.78 -38.15
% 84.9 86.46 100.31 96.70
r .89 .91 .94 .94
52 4.914 4.230 3,652 3.241
10 by -30.36 -30.49 -31.39 -31.52
b 79.78 77.08 82.12 83.78
r .86 .85 .92 .98
s2 5,962 6.355 3.195 4,583
Wheat
0 b -1.14 -3.84 -3.02 -4.50
by 27.84 37.25 15.38 40.1
r .48 .59 .56 .60
o2 45.720 46.003 46.345 50. 240
10 by -0.028 -4.30 -1.00 -5.16
By 1.25 16.51 8.56 22.55
r .06 .54 .32 .63
R 8.232 11.203 11.403 13.256
Corn
0 bo -11.09 -Nn.22 -11.09 -11.48
by 72.56 78.52 72.38 82.30
r .76 .74 .76 .76
s2 4. 882 1.813 9.074 11.428
10 bo -8.28 -9.67 -6.18 -8.64
by 18.08 43,21 14.60 35.16
r .60 .85 .75 .63
l s 1.332 1.616 .392 a.267
DA0D
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Unfortunately, no meaningful inferences can be made from the results for wheat
and corn, First of all, no data are available for the 5° angle. Next, since
the data for wheat and corn varied widely with respect to time of year, the
observations cover different growth stages.

Because the plant moisture changes with the growing season, changes in 00 due
to plant water content rather than to soil moisture are expected. Ideally, in
order to consider the time factor, data should be collected at a given time of
the year and at a given time interval during the day for all fields. This
should be repeated several times a year.

If there was indeed a significant effect due to any other factor, it was not
detected by the analysis because of the small sample size (only five data
points for bare soil, seven for wheat, and four for corn). In fact, the
reliability of all results discussed here is Tow because not enough data points
were available for error analysis.

In conclusion, the results for bare soil depict a well-defined pattern that is
in line with the theory behind radar response to vegetation (refs. 1, 2, and
6). No such conclusion can be made for wheat and corn because of variations
in the data with respect to crop growth stage. Ideally, the measurements
should be made when the crops are at the same growth stage or time of year.

It is imperative that the plant's water content be treated as a covariable
affecting 00. Data collected at the same time of year should provide the
information needed to design a statistically valid experiment for soil mois-
turc estimation.

3. SAMPLING REQUIREMENTS FOR CORN, WHEAT, AND BARE SOIL FIELDS
FROM THE COLBY SITE

A statistically valid determination of the number of fields to be sampled at
Colby viould require estimates of the variability of soil moisture and 00 at
that site. Since the data discussed above are from different sites, they can
only provide a guideline for the sampling requirements.

T
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Assuming the data given abcve can be applied at the Colby site, the Neyman
sample allocation technique given in reference 7 was employed to determine

the total number of sample fields and their distribution between crop types.
This technique gives an optimum sample allocation for a stratified random
sampling scheme provided that the inputs for strata variances and strata sizes
are correct. In this case, it was designed to achieve a coefficient of varia-
tion of 5 percent for the sampling error. The total number of fields n needed
to be sampled is given by

3 2
5 )

n=— (3)
e + 3N, s2

: i1

i=1
where
Ni = number of fields of the ith crop type,
S? = error variance of 00 values for the ith crop type,
02 = specified precision (variance),

3
N:ZNi’
=]

Precision is generally specified in terms of the coefficient of variation V.
If u is the mean parameter, then the specified precision can be expressed as
242 _ 2
u Ve = o".
The distribution oY n between the crop types is given by

N.Si
¥y 1 =1, 25 3.

‘1
3
_Z% NS,
]:

For methodological details of the procedure, see rzference .

n

i°c
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Using the results given in table 5 for inputs in equation (3), an estimate
of u equal to -17.4 obtained from the data in the appendix, and a coefficient
of variation of 5 percent (designed to achieve at least a 90-percent con-
fidence in the estimate of oo), the number of sample fields is as follows:

Crop type No. of fields

Bare soil 13
Wheat 15
Corn 4
Total 32

"3



TABLE 5.— COLBY SITE DATA USED IN THE DESIGN OF EXPERIMENT

crop e | 195,81 | Pl Tl
i (s3)
1. Bare soil 480 24.54
2. Wheat 480 35.25
3. Corn 240 16.89
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APPENDIX
BARE SOIL, WHEAT, AND CORN DATA

Back scattering coefficient data and soil moisture ground truth for bare soil,
wheat, and corn are given in tables A-1 through A-3, respectively.
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TABLE A-1.,— Concluded.

(b) Soil moisture ground truth

Field Depth, cr Combined depth,
. 1 oto1 | 1to2|2ts5 0w 5cm
! 0.32 0.30 | 0.28 0,292
2 .26 26 | .23 .242
3 .18 .20 | .20 .196
4 .08 a8 | .22 .184
5 .34 32 | W .318
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TABLE A-2,— Concluded.

(b) Soil moisture ground truth

Field Depth, cm Combined depth,

. 15t1 | 1t2]|2t5 0 to 5 cm

1 0.087 | o0.104| 0.142 0.123

2 423 300 | .36 .361

3 .396 383 |  .434 .408

4 425 335 | .399 .39]

5 .034 .053| .105 .080

6 .154 275 .319 .277

7 .079 089 | .13 114
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TABLE A-3.— Concluded,

(b) Soil moisture ground truth

Field Depth, cm Combined depth,
. [ot1 | 1t2|2t5s 0t 5cm

1 0.061 | 0.064 | 0.099 0.084

2 .063 .060 | .079 .072

3 .092 094 | .18 138

4 085 200 | .227 193




APPENDIX E

SUMMARY OF NASA AIRCRAFT (NC-130) DATA COLLECTED
FOR THE AGRICULTURAL SOIL MOISTURE
EXPERIMENT (ASME) DURING 1978

By F. R. Brumbaugh
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1. INTRODUCTION

During the period from July 18 to August 9, 1978, the NC-130 aircraft of the
National Aeronautics and Space Administration (NASA) conducted a total of
seven data-gathering flights over a test site near Colby, Kansas, as part of
a project to develop algorithms for determining soil moisture from remotely
sensed data.] At or near the time of overpass, field teams collected exten-
sive ground-truth data for selected fields under the NC-130 flightpath. For
some of these fields, active and passive microwave data were obtained from
sensors or trucks.

This document catalogs the details of the data collected by the sensors in the
aircraft, including times and tape numbers. The ground truth and truck data
wili be described elsewhere.

2. THE NC-130 DATA COLLECTION FLIGHTS

Figure 1 shows the test site, the fields where ground truth was taken, and
the seven NC-130 flight Tines. The flight lines were always flown in the
same direction as shown by the arrows. The appendix gives the sensor config-
uration on the aircraft.

Table 1 summarizes the seven flights. It gives the dates, times, and alti-
tudes flown, along with some details of the type of data obtained from each
sensor. Each altitude flown consists of one or more sequences; each sequence
consisting of a certain number of flight lines in a certain order. Three
sequences were used; they consisted of the following flight lines:

Sequence Flight Tines
4, 3, 7, 1, 5, 6, 2
4, 3, 7, 1, 5
35 75 15 54 65 2

]Described in Project Support Plan 0A-0387, JSC-10562.
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During this mission, some data were taken for another project at a site
near Yuma, Colorado. Since the data are included with the Colby data,
they are identified in the tables in this report.

Table 2 gives the data acquired by flight line and sequence. A line separates
different sequences. The meaning of the column headings is as follows.

Alt. = The assigned altitude.
A/P = Active or passive sequence
L = Flight 1ine number (see fig. 1)

R = Run number to identify a particular run over a flight line. Run numbers
were assigned in the original plan, and R referred to the Rth run that day
over the line. However, because the actual flights sometimes were not in
the planned order, the R's are not always in consecutive order.

GMT = Greenwich mean time in hours, minutes, and seconds for the start of
the flight line.

A, B, C, D = Tape recorder designation. The numbers are the last three
digits of the tape number. The prefix is L05-0-005.

GS = Ground speed (in knots) minus 100 knots.

DR = Drift of aircraft (in degrees), left or right.
TH = True heading (in degrees).

RA = Radar altimeter reading in thousands of feet.

KR, CR, LR = K-band, C-band, and L-band radiometer look angles and polariza-
tions. The K-band is actually three bands — K, Ka, and Ku. The numbers

are look angles in degrees. H indicates horizontal polarization; V, vertical
polarization.

PS, LS, CS, KS = P-band, L-band, C-band, and K-band scatterometers. H and
V refer to horizontal and vertical polarization. X indicates "sensor orn."

PMIS = Passive Microwave Imaging System. X indicates "sensor on."

PRT

"

PRT-5 passive radiometer; M = mid-range; H = high range.

MMS = Modular multispectral scanner. The numbers indicate the scan rate.

s



TABLE 2.- DATA ACQUIRED BY FLIGHT LINE AND SEQUENCE

N

(a) Data flight 4 — July 18 (Julian day 199).
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TABLE 2.— Continued.
(b) Data flight 5 — July 20 (Julian day 201).
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TABLE 2.- Continued.
(c) Data flight 6/12 — July 21 (Julian day 202).
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TABLE 2.— Continued.
(d) Data flight 7 — July 22 (Julian day 203).
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TABLE 2.- Continued.
(e) Data flight 8 — August 8 (Julian day 220).
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(f) Data flight 9/13 — August 9 (Julian day 221).

TABLE 2.— Continued.
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TABLE 2.— Concluded.
(g) Data flight 10 — August 11 (Julian day 223).
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Z = leiss camera {(6-inch lens). X indicates "camera on."

AMPS = AMPS camera (six-camera system). X indicates “camera on."

H = Hasselblad camera.

X indicates "camera on."

KZ = K-bard zenith radiometer (MFMR). X indicates "Radiometer on."

The four data tape recorders referred to as A, B, C, and D were used in the
following manner:2

Sensor
Recorder A Recorder B Recorder C
Data f1t, (PMIS, PRT-5, (K=band and (P-band and Recorder D

no. all radiometers, C-band L-band (MMS)

NERDAS, TAT) |scatterometer) | scatterometer)
4 348, 352, 356 350, 354, 358 351, 355 349, 353, 357
5 359, 364, 368 360, 365, 367 361 362, 363, 366, 369
6 370, 376, 379 371, 375, 378 372 373, 374, 377
7 380, 385, 388 381, 386, 389 382 383, 384, 387
8 415, 419, 421 416, 420, 423 417 418, 422, 424, 425
9 426, 431, 434 427, 432, 435 428 429, 430, 433, 436
10 437, 442 438, 443, 445 439 440, 441, 444

In addition to the data shown in table 2, a complete set of data from the
NASA Earth Resources Data Annotation System (NERDAS) was available for all
runs, and the outside temperature (called total air temperature in the flight
log) was available for all runs except run 4 of Flight line 5 of data

flight 6.

Table 3 catalogs the film data taken. It is arranged in the same sequence as
table 2 and gives magazine (roll) number and frame numbers for each run over

each flight line.

each run.

In addition, it gives both the start and stop times for

2The numbers in the following table are the last three digits of the raw

data tape numbers.

The prefix i1s L05-0-005.
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APPENDIX
ATRCRAFT SENSOR CONFIGURATION AND COMPATIBILITY

Figures A-1 and A-2 show the configuration of the various sensors on the
NC-130 aircraft. Table A-1 shows the compatibility matrix for the sensors

nn the NC-130. No entry indicates that the sensors are compatible; i.e.,
there is no known reason why the two sensors should not be operated simul-
taneously., Mechanical incompatibility occurs when only one of the two sen-
sors can be mounted in its operating position. However, in all cases, change-
over in flight from one sensor to another can be accomplished with little
difficulty, The one case of electrumagnetic incompatibility observed was

due to out-of-band emission of the 1.6-GHz scatterometer at the L-band radio-
meter frequency of 1,4 GHz, This effect is expected because of the radiometer's
high sensitivity.
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Is
OF POOR QUALITY

TARLT A-1. NC-130 MIiROWAVE SENSOR OPERATIONAL COMPATIBILITY MATRIX

M - mechanical incompatinhilitys L electromagnetic interterence,
no entry means that the instruments are compatiblo.
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APPENDIX F
SOIL SAMPLING PROCEDURE
AGRICULTURAL SOIL MOISTURE ESTIMATION PROJECT (ASME)
THOMAS COUNTY, KANSAS
SUMMER/FALL 1978

/47



1. ORGANIZATION

The soil moisture and scil bulk density samples will be collected from 35
plots of 16.2 square hectometers (40 acres) each, within the Colby Test Area
focated 1n Ihomas Lounty, Kansas. The sample collection personnel will be
divided into 17 five-man teams. Each team leader, who probably will be an
employee of Lockheed Electronics Company, Inc., will direct the activities of
two two-man squads in collecting samples from 2 of the 35 plots. The team
leader will drive the team automobile or truck. !He will ensure that proper
sampling procedures are followed and that all required samples are obtained
in a timely manner.



2. SOIL MOISTURE SAMPLING PROCEDURES

Each two-man squad will collect 148 soil moi ture samples from one plot
(field). These samples are to be collected over a 35-point grid which sam-
ples a 16.2-square-hectometer (40-acre) area. A diagram of the grid layout
for a typical plot is given in figure 2-1. Each squad will have two inven-
tory data sheets to complete while sampling. These data sheets are to be
signed and included in the packing boxes with the soil moisture samples.

Two types of moisture samples will be taken: core samples covering
15-centimeter (6-inch) intervals to a depth of 45 centimeters (18 inches), and
samples dug with a trowel to a depth of 15 centimeters (6 inches). The core
samples will be collected several hours before or after an aircraft overpass.
The samples to be dug, especially those for depths less than 5 centimeters

(2 inches) must be taken within 4 + 2 hours of an aircraft overflight. The
team leader will determine the exact sampling schedule for each squad,
depending on conditions at flight time.

2.1 CORE SAMPLING PROCEDURES

Core samples will represent soil moisture averaged over 15-centimeter (6-inch)
depth intervals. Therefore, these samples may be obtained up to 12 hours
prior to or after an overflight. A total of nine grid points will be used for
the core sampling, as shown in figure 2-2.

The sampling should be done by two persons, whc may either work together or
individually. Each grid point will be marked by a 4.7-centimeter

(12- by 12-inch) tile or stake. All samples for a grid point should be taken
within a 3-meter (10-foot) radius of the marker.

At each of the four extreme corners of the grid pattern, a core measuring
from 0 to 15 centimeters (0 to 6 inches) will be taken. Five additional
points arranged along the diagonals between the corner grid points will be
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the locations for obtaining three core samples: one from 0 to 15 centi-
meters (0 to 6 inches), one from 15 to 30 centimeters (6 to 12 inches), and
one from 30 to 45 centimeters (12 to 18 inches) in depth.

The core tool should be pushed into the soil until the 15-centimeter (6-inch)
mark on tne core barrel is flush with the surface. If the soil is too com-
pacted to allow the tool to be pushed in, a leather mallet may be used to
drive the tool into the soil. The tool should be removed carefully and the
entire core placed into a sample can. Each can must be properly labeled

when the soil is added and the 1id put on immediately and secured. Then,

the can should be put into the cardboard packing box. The squad will then
proceed to the next depth, using the sawe hole, (or to the next point in

the field). Of course, all core samples should be obtained for a given

grid point at one time.

The squad should begin at one corner of the field and proceed across it
along the diagonal bisecting the field; then, samples should be taken

along the other (perpendicular) diagonal. A total of 19 cans will be filled
during this procedure. Before beginning to dig samples using trowels, the
inventory list should be completed for the core samples. The box of sam-
ples and core tools should be set at the edge of the field or put into the
team vehicle if it is available.

2.2 TROWEL SAMPLES

Using brickmason's trowels, 129 soil samples will be dug. There will be
from one to five samples collected at each grid point in each field. Pre-
marked cans will be used whenever possible. Squad members should work
individually — each carrying a box of sample cans, a trowel, a ruler, a
marker, and a checklist. A suggested walking pattern for this phase of the
work is shown in figure 2-3. Note that /7 of these samples must be col-
lected within 2 hours of the overflight.
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At a given point, a can must be prepared for the surface sample. The top
centimeter (approximately ¥ inch) of soil should be skimmed from the surface
over a large enough area to fill the can from 80 to 90 percent, but not
entirely full. If the can is not already marked, it should be marked now.

A ruler should be used to estimate the depth sampled; then, the top should
be put on the can immediately. This procedure will be repeated for the next
centimeter of depth over the same area at intervals of 1 to 2 centimeters.

A small hole should now be dug with the trowel so that the ruler can be used
to measure deeper and so that the trowel can scoop soil from the correct
intervals: 2 to 5 centimeters, 5 to 9 centimeters, and 9 to 15 centimeters
(figure 2-4). Each sample should be put into the properly marked can and the
1id put on tightly immediately after the sample is exposed. Each can should
be checked to make sure it is correctly marked. As figure 2-3 indicates, at
one-half of the grid points, all five depth intervals are sampled; however,
there are eight points where sampling below 5 centimeters is not required.
Also, there are 10 points near the center of the field where only the two
surface samples (J to 1 and 1 to 2 centimeters) are collected.

When both squad members have completed collecting their samples they should

meet at the edge of the field. A1l samples should then be neatly packaged in
two boxes witn the completed inventory sheets included in each box.
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APPENDIX G
MOISTURE LOSS FROM SAMPLE CONTAINERS USED FOR SOIL MEASUREMENTS

1. INTRODUCTION

Determining the soil moisture content of soil samples from test sites is
part of the Agricultural Soil Moisture Experiment (ASME) sponsored by the
Earth Observations Division (EOD) at the Lyndon B. Johnson Space Center (JSC).
Ground-truth data are gathered to test remots sensors and provide data for
modeling the signal return with soil moisture.

During the summer of 1978, numerocus soil samples were taken from a test site
near Colby, Kansas, and stored in cans until the semples could be processed
for soil moisture content. Since the accuracy of the soil moisture deter-
mination would be adversely affected if there wera significant losses of
moisture from these cans before they were processed, tests were performed

at the site to estimate this loss. The results indicated that the moisture
loss was tolerable. To verify these conclusions, the laboratory test de-
scribed in this report were conducted. In addition to tests on the cans used
at Colby, containers used for the same purpose on other missions were tested
for comparison.

2. TREATMENT OF SAMPLES TAKEN FROM COLBY, KANSAS

The samples taken at Colby consisted of approximately 100 grams of soil
placed in cans with lids. Because the lids did not give a hermetic seal,
they were taped to the can body around the edges to reduce Toss of moisture.
The cans were transported to McCook, Nebraska, and were weighed. The inter-
val between the time of sampling and the time of .eighing was 1 to 2 days.

A step-by-step procedure for soil sample handling is given in appendix G-1.

At McCook, Nebraska, each can was heated with the 1id off in order to remove
all moisture Then the can, the dry soil, and the 1id were weighed together.
The difference in the two weight measurements (the weight before and after
heatine) was taken as the weight of the moisture in the original sample.

v
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Next, only the empty can and the 1id were weighed. The percentage of
moisture content in the soil was calculated using these data,

3. ESTIMATION OF MOISTURE LOSS FROM THE CANS USED AT COLBY

The loss of moisture from the cans was probably caused by two effects:

a. Daytime heating of the gas inside the can, causing increased pressure
and forcing some of the gas out through seams in the can.

b. Diffusion of water vapor through seams in the can.

Because the resources were not available to simulate the hexting and cooling
cycles experienced by the samples taken at Colby, the first effect was
estimated mathematically. The calculations are described ir the appendix.

The diffusion of water vapor through seams in the cans was estimated using
the tests described below. The cans used were selected from the same batch
used at Colby. All of the tests except test 4 were performed at JSC.

o Test 1 (taped cans, Texas soil). The soil used in this test was a local
sandy loam similar to the Keith silt loam at the Colby test site, except
that the local soil contained somewhat more clay. Approximately 100 grams
of moist soil was placed in each of 10 cans, and the cans were taped
around the euyc: of the 1id using the same masking tape used at Colby.
Each can was then weighed using a Mettler Instrument Corporation analy-
tical balance and weighed again each day for 5 days at approximately the
same time. The average daily w2ight loss is given in table 1. It was
assumed that all weight losses were due to moisture 1nsses. The consist-
ency of the balance was checked ty weighing a test weight (approximately
78 grams) each day. The maximum variation observed in the test weight
was 0.02 gram. Throughout this test, the cans were kept in an air-
conditionea room at a temnerature of approximately 72° F.

e Test 2 (taped cans, water). To obtain an upper limit on water loss, pure
water was substituted for the soil sample. The water was poured into a
smaller container that was placed inside the can. Pure water would ensure
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the maximum water vapor partial pressure in the cans, and therefore, the
greatest moisture loss. The smaller container had a diameter of 6.7 centi-
meters and therefore was large enough to ensure an equilibrium vapor pres-
sure inside the can (diameter 8.5 centimeters). Otherwise, the test was
carried out in the same way as test 1, except that 15 cans were used in-
stead of 10.

e Test 3 (untaped cans, water). This test was the same as test 2, except
that the cans were not taped and only 10 cans were used. It was designed
to investigate the effect of taping the 1id to the can.

o Test 4 (taped cans, Colby soil). This test was performed by Aaricultural
Technology, Inc., using soil from the Colby test site. This test was to
determine whether the exact soil type was important and to provide an inde-
pendent set of measurements to serve as a check on the tests conducted
at JSC. It was conducted in a manner similar to test 1, except that
20 caps were used. They were initially weighed on September 27, 1978,
and were subsequently weighed on September 28 and 29, 1978, and on
October 3, 1978. The results given in table 1 arc the average daily
weight Tosses over the 6-day period.

4. ESTIMATION OF MOiSTURE LOSS FROM PAPER CUFS

Moisture loss from two types of paper cups used to collect soil moisture
samples in previous missions was studied.

“Type 1" cups were used by the University of Arkansas to hold soil samples
taken at Garden City, Kansas, in 1976. These cups were of the coronet
design made by the Solo Cup Company of Chicago, Il1linois. They have a seam
down the side and around the bottom.

"Type 2" cups were used by Texas A&M University for holding soil samples
taken at several sites since 1975. They appear to be identical to the type 1
cups excent they have a paper glued to the side of the cup.
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The following tests were performed on these cups.

e Test 5 (type | cups, soil). This test was carried out in a manner similar
to test 1. The cups were sealed by placing Baggies over the cup before
the lids were pressed Jdown, which is the procedure that was employed when
these cups were used in the field.

o Test 6 (type 1 cups, water). This test was similar to test 2, uxcept for
the containers used. The cups were sealed in the same manner as in test 5.

e Test 7 (type 2 cups, soil). This test was the same as test 5, except for
the difference in containers.

5. RESULTS AND CONCLUSIONS

The results are shown in table 1. AIl tests used 10 containers, except
test 2, which used 15 containers and test 4, which used 20 containers.

Test 2 (taped cans, water), which sould give an upper bound for moisture
Toss from taped cans, showed an average loss of approximately 29 percent
more moisture than test 1 (taped cans, Texas soil). This loss was probably
due to the lack of soil moisture in test 1 to maintain a saturated water
vapor pressure in the can.

Test 3 showed that in the saturated case, the loss from untaped cans was
twice the loss from taped cans (test 2). Even though the resulting loss was
small, it showed that taping the cans significantly reduced the loss of soil

moisture.

Test 1 showed tuat the Colby soil in taped cans had about the same moisture
loss as the pure water in taped cans (test 2). This probably indicates
that the soil was wet enough to maintain a saturated vapor pressure. This
test also gave a moisture loss similar to that obtained using Texas soil
(test 1).

Of the taped cans tested (tests 1, 2, and 4), .he worst case for losing signif-

icant amounts of moisture was test 4, which had a slightly smaller mean

s
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moisture loss than test 2 but had a larger variance. Assuming that the
moisture losses estimated in test 4 were normally distributed, one would
expect the moisture loss to be less than 0.12 gram per day in 95 percent of
such measurements. Since the time between taking and weighing the samples
was 1 to 2 days, the maximum moisture loss would be about 0.24 gram.

Most of the samples were estimated to contain 10 grams or more of water.

An error of 0.24 gram (2.4 percent or less) is small compared to the within-
field variability of the soil moisture measurements, which typically had a
coefficient of variation of 15 percent or more. However, some of the samples
were estimated to have less than 10 grams of water. The lowest estimates
were 1 gram of water. An error of 0.24 gram is a sizable percentage of this
amount but is still acceptable because

e the coefficient of variation for the within-field variance of these dry
samples was typically 30 percent or more; and

e regardless of the error, the absolute value of the soil moisture deter-
mination is very small compared to the range of soil moisture measured.

It should also be kept in mind that the experiments were conducted in
relatively wet soils; thus, the figure of 0.24 gram is probably much higher
than the actual water lost from these dry samples.

Test 6 showed that the type 1 cups with water had about the same moisture
loss as the untaped cans with water (test 3). Test 5 showed that the type 1
cups with soil had a meisture loss that was approximately twice that of

tests 3 and 6. A possible explanation is that the cups were slightly porous;
and because the soil was in contact with the cup, capillary action resulted
in a substantial Toss of moisture. In any case, the type 1 cups with soil
lost more than four times more moisture than the taped cans. However, when
these cups were used, the first weighing occurred within a half day; thus,
the moisture loss was probably in the neighborhood of 0.17 gram.

Test 7 showed that the type 2 cups with soil had a much larger moisture loss
than that shown by any of the other tests — 0.92 gram per day on the average.
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It is estimated that when these cups were used, the maximum time between
taking a sample and the first weighing was 8 hours. Therefore, the estimated
maximum moisture loss is 0.31 gram.

For the same reasons given above for the taped cans, it is concluded that
the moisture loss from the type 1 and type 2 cups was acceptable. However,
it should be noted that the taped cans lost much less moisture than either
type of cup and therefore appear to be much superior containers for soil
moisture samples.

The above conclusions are based on the assumption that moisture loss in the
field was similar to the moisture loss in these tests. This assumption may
be an approximation because of differences in temperature, humidity, and air
circulation.



APPENDIX G-1

STEP-BY-STEP PROCEDURE FOR HANDLING AND PROCESSING
OF SOIL MOISTURE SAMPLES

The step-by-step procedure for soil sample handling is as follows:

10.

Number can for identification.

Acquire soil sample by appropriate method and place in can.
Place 1id on can.

Wrap can/1id jointly with masking tape and crimp in place.

Collect and box cans from individual fields and transport to weigh
station.

At initial weighing, remove tape and weigh can, 1id, and soil sample.
(Residual tape adhesion was demonstrated to be considerably less than
0.05 gram.)

Place can and 1id in oven and dry soil sample.

Remove dry sample and weigh can, 1id, and soil sample.
Remove soil sample and weigh can and lid.

Compute gravimetric soil moisture as follows:

S M _ |[(weight from 6) - (weight from 9)] 1« 100
*"eg(%) | (weight from 8 - weight from 9)  ~

_ [wet weight - dryweight)
- ( dry weight x 100
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APPENDIX G-2
MOISTURE LOSS DUE TO DIURNAL TEMPERATURE CHANGES

Because the cans used at Colby were not airtight, moisture could be lost
during heating portion of the day when the pressure inside the can increased,
forcing air out of the can. In order to maximize estimated moisture Toss,

it will be assumed that the Teaks in the can were large enough to relieve

any increased pressure on the inside; i.e., that the inside pressure is at-
mospheric and that the water vapor pressure inside the can is at the saturated
Tevel.

When the can is heated, the pressure inside will be increased because of the
expansion of the air due to an increase in temperature and because of an
increase in the saturated water vapor pressure.

Assume a peak daytime temperature of 100° F or 311.8 K and a minimum night
temperature of 60° F or 288.8 K. The corresponding saturated water vapor
pressures are 49.2 and 13.3 millimeters of mercury. At the minimum tempera-
ture, the gas law PV = nRT gives

Ny = V(760 - Py)/T4R (A-1)
and
n, = V]P]/T]R, (A-2)

where the subscript 1 refers to the value of quantities at the minimum
temperature and

N] = number of moles of dry air,
" = number of moles of water vapor,
V] = the volume of gas in the can,

Py = 13.3 millimeters (the partial pressure of water vapor in the can,
saturated value), and

TI = 288.8 K.
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Assume that as the can is heated, an isobaric expansion to volume V, occurs.
At the final temperature Ty (311.8 K), the gas law gives

Ny = Ny = V,(760 - p,)/T,R (A-3)
and

where the subscript 2 refers to the values of quantities at temperature T2.
Note that the number of moles of air has not changed, but that the number
of moles of water vapor has changed.

An upper limit on the moisture loss can be obtained by assuming that a volume
Vo = V; of the gas in the final state (i.e., at temperature T2) is lost.
The amount (in moles) of water vapor in this volume is given by the following.

n= ﬂ2 (vz - V] )/V2 (A-S)
From equations (A-1) through (A-4), the following equation is derived.

n = p,V; B7so - py)/T;(760 - p,) - 1/T2]/R (A-6)

Taking V] equals to the volume of the can (0.473 liter), one obtains

n-1.58 x 10'4 moles. Multiplying by the molecular weight of 18, one obtains
a water loss of 2.8 x 10'3 grams per day. This is negligible compared to the
diffusion losses shown in table 1.
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