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INTRODUCTIOR

The importance of truth to the success of the Earth Resources Aircraft
Program (ERAP) is recognized by user agencies, instrument temms, and NASA.

It is also recognized that documentation is needed of the role of ground truth
in future orbital spsce missions, as well as present capabilitites and future
requiremsnts in the ERAP.

The initial ground truth workil session was held at the Manned Spacecraft
Center (MEC) on Nowesber 27, 1967, to discuss and document these cepsbilities
and zequirements. The ground truth activities discussed in the session
primarily included the following topics:

1, Existing ground truth capabilities.

2. Mesusurements required and measurements currently being made.

3. Equipment now being used and future requirements.

4. Ground sites now supporied and type of support.

5. Rosmtionl relative to the ERAP concerning ground truth.

6. Extrapolatiocns of the sbove topics for short term (10-15 days) and
long terp (12 years) ordital missions.
This report 1s a compilation of papsrs pr

nted at the ion by various

perticipants in the ERAP. This document is aot intended to represent total
ground trutb capabilities and requirements, but should be used for infamation
Muuudumfawamwne-mmnuum
future.

Barth Rescurces Ground Truth for Agricultuve,
by V. I, Myers, USDA

Geologic Ground Truth for Rarth Rescurces Burvey

Programs, by J. Liats, J. Quads, « Chapmen
uunnu,.zt Bevada v :

Presentation by Jules Friedman, USGS
(Test not available for printing in final documest)

Ground Truth Measurements to Support Radasr Studfiss,
by D, 8. Simonett, University of Ksnsas

Ocesnographic Ground Truth Requirements, Spacecraft
Ocesnography Project, U.8. Raval
o !’::b Ocesnogrephic Office,

Ground Truth Working Session R.J.P.
Btanford University Jad i

Ground Truth Requirements for Remote Sensing of
Oceanographic Peatures, by Don Walsh, Texase ASM

Preliminary Report of Mission 60, Sea State at
Argentia, Rewfoundland, by W, J. Plerson, Few York
University
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143-169
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Intzeduction

Agricultural ground truth can be dafined as deta concerning plants, soils,
water, stmosphere, and energy balance, gathered for scientific interpreta~
tion of phenomena registared on & remote seasing detector or camers.

in eslecting agricultural remote sensing sites or flight 1ines, the
following criteris should be given coneideration:

1. 8ites should have representative soil and plant conditions.

2. Fiight lines ehould be in straight lines fnsofar as possible to
fecilitate flyiog.

3. m.—nmcu-umuummh:mupw
repetitive sessonal and aspual coverage of specific conditions.

4. 1In selecting sites, edvantage should be taken of comtrolled
experiments slready being conducted for other purposes, whenever possible,
such sa statisticelly designed plot studies.

s. Calibration panels snd instrumentation must be svailable sloag the
flight lines.

The following report oo ground truth for agriculture also fncludes brief
waterial on technigues and instrumentation foxr fovestry. Regular orgsnized
ground truth collection programs are underway by the U.8. Forest Service,
the University of California, Purdus University, ss well as U.8.D.A.,
Agricultursl Bssearch Bexvice, Wesleco, Texas.

Figure 1 shows flight lines for the Agricultural Earth Besources Sits 32
in the Lower Rio Grande Vslley-of Texas. The flight lises, salected
sccording to the above eriteria, cover ground truth sits conditions described

in Exhibit A.

MMM&MM
[is}d findsmsnzsl epd spolied scuding

Thormsl hand-held radiomsters ~ 2 (p-‘tu&mm)
Fleld spectrcameter-short wave (0.3 to 2.5 aicrons)
¥ield spectrometer-long wave (2.5 to 14.0 microns)

# Material eoateibuted by Robert Bellez, U.8.0.A, Forest Sexvice, axd Purdnve
mv\auq.
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Seven-track magpetic tape rdar for each spectromater - 2 requized

Storage oscill pe for 1 AN TS diag sod viewing of
spectra from field spectrometers - 2 regquived

Mobile instrumentstion pickup truck with cemper (for spectromster
instrumsntation recording complex)

Infrared cemera for detailed field thermal studies involving crop
Bt = for IR calibration

Infrared reference ca al

A ic data ding systsm (punch tspe) for msteorological data -
20 channels

Mobile imstrumentation trailer for dsta recording system and suxilisry
® t

llle:rmul and micrometeorological instrumentstion

Recorders - dual pen milliveolt

Camaras

Pupdemencal leboratory gtudiss

Microscope
Spectrophotometer

Photo lsboratory snd densitomstry

Photographic film processing equipment for at lesst 70 mm
Combination isodensitracer and microdensitometer
Densichrons for optical density mmasurements

Comwpications
UMF Redio System (pecessary for commnications between aircraft end

ground parties and batwoen ground perties during remote esneing
overflights)
Miscellaneoys lsboratory and field esuipssnt
Crop_snd Soil Jdeotifiseticn
The USDA senedi at Wealeco is concerned prismsrily with
mouu.:.::um.':u the energy in wavslengths between

problem is to determine which wevalengths are the most sessitive to changes
in erop and soil conditions, to discover capsoys semsitive o these weva-
lengths, and to develop methods of recording, mrasuring, end ldputifying
the specifie crop or soil comdition reprascated by @ spoeifis reflected
spectiva.

The sttached Exhibit A describes the objectives and procadures for
collecting ground truth end determiniag charxecterietic erop aod vodl
signatures st NASA Barth RBesources Site 32.° .

pacrties.

feaszal

As is evident from the work plan, extensiwe growsnd truth dats are
collected in connection with NASA overflights, Figure 2 shows ome of
a number of ground parties meking crop snd soil msssuremsats et the
tima of an overflight. Radios are comsidered escentisl during these
overflights for meintaining mobility emd commmications.

Figure 3 shows a sample data shest of the type filled in by ground

foil Moistuge Vesgurement op Repgelsnd Site

Available soil moisture in the root sone affects the reflectence pattern
from agricultural crops and rengelsnd vegstation. Aleo, surfsce soil
soisture influences the intaneity of momochromstic light reflected from
soils. Careful massurement of soil moisture 1s ezeential as sn element
of ground truth,

Piguze & shows a technicien mesasuring soil moisture with » P-19

Buclesr Chicago neutron probe smd portable scalex® in sn ares of rasgs-

lend vegetation. This equipment requires semd-permusent imstalistica ¢
of en aluminum sccess tube at each ground truth site. $

1
Antometic Becording of Yield Pats i
Automstic vecording of data is eccomplished with the Bowell Data i

a value recording cycle. The range of
input signals the equipment 19 cepable of hendling extends from -2 to

Interprstation of photogrephic and scemer tramspavencies 1s meds with
sanual densitometers end with autometi: equijwsst, the most isporisnt
of which {s the isodensitrscer. The isodemsitrscer, shown in Figura 6,
is & high-speed, direct resding fscphotomster designed for the rapid
presentstion of two-dimeasional photomstric info 4 The &
quickly and eutomatically ecass and meagsuves the opticel demsity of all
points in 8 film trussparescy snd plots the values £o s quamtitstive,
two-dimencionsl daneity map of tha scemaed area.

% Irade nemes sad cospeny nawes used 4n thia peper sve for iuformation
caly s2d do not covetitate esdovsement by the 0.8, Depertmant of Agriculture.
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The isodensitrascer eliminstes the tedious manual correlation of dsta
from successive trecings. It can 2lso be used as a microdensitometer to
plot absclute optical demsity in graphical form. This equipment has
recently been fitted with encoders which permit placing values of eptical
density and X-Y position of resolution elements on paper punched tape.
Digitiszed dats can thea be p d in a « Figure 16 13 &

isodensitracing of thermal l.-.u-y shown in Hpn 15, taken at 1900
hours.

Iield Spectrometer Dets Collection
Reflectance and transmi from a lab Yy spec-
trophotometer (see Figure 7) are valusble for controlled -:um of
plants and soils and frequently indicate the portion of the spectrum
where anomelies can be expected to occur in te sensing 8.
The sbsolute energy value of spectrophotometer curves is difficult or
impossible to determine, however, and the spectral distribution of the
source differs from that of solar emergy. Field spectra, which have
& solar emergy source, are influenced by such factors as reflectsace
from sultiple leaf layers, soil background redisnce, and atmospheric
absorption and scattering of certain wavelengths,

An Instrumentation Specialties Compeny (ISCO) Spectroradiometor, shown

in Figure 8, is used for gathering field spectra. Other field instruments
also have been used for this purpose. In Figure 9 a Perkin-Elmer 8G4
Spectrometer is elevated over field plois on & Truco Aerial Lift. The
spectroradiometer has a wavelength rn.‘ of 450 to 1550 mu with band-
widths of 15 and 30 mu, respectively, in the visible and infrared.
Sensitivity is from 0.3 to 1000 uw corZmu-]l {n eight ranges with accuracy
of 7 to 10 p Two ng heads, each having 180° field of view,

are pmuul with the -”cmnumm. One 1is a diffusing screen mounted
directly on the instrument case for measuring incocing radiation, and the
other is a six-foot fiber optice probe which is directed toward selected
areas of plants and soils for measuring redisnce. The fiber optics proba
has beem modified to decresss the ffeld of view from 180° to 10° so that
epecific aress can be i1solated for radiance « A rds
scanner is used i{n comjunction with the spec df which d
spectral 1 ity length in 3 continuous spectral distribution
curve. It incorporates a 24-bour progrem timsr which may be set to initiate
8 scanning cycle at awy predetermined time during the dsy at intervals of
fiftean minutes of lomger.

A punched tape format, shown in Pigure 10, has been prepared for asutomatic
handling of spectroradiomster data. Vield dsta are placed on punched tape
sccording to the formae,

Purdue University has developed a '-»u. laboratory for gathering field
rediance dats snd for teking other suxiliery data. The equipment is
described in Bxhibit B,

e

Redisnce spectra .cquired {n the field with a sp

radiometer have a general -u.un:y to reflectance specirs -uuul

from individual 1 on a in a lab y. There sre

isportant diffevences, In-nt which are dus to the following: (a)

sbsorption and scattering by gas solecules and dust reduce incoming solar

radiation in certain wevelength bands; (b) illumination from the sun varies

Ln intensity with mmserous conditions; (c) the emergy source in s spectro-
is of intensity whereas the solsr emergy source

vmu in intemsity with wavelength; (d) radisnce from crope in the field

is affected by crop geometry, background soil reflectance and other factors;

and (e) redisnce from goils h the fisld is difficult to duplicate in

the laboratory with disturbed soils.

Spectra from a cotton field, messured with aa ISCO memrulu-ur.
snd from a cotton leaf ueing a lab y sp are shown
in Pigare 11.

Thermal Infrared Cslibration Procedures

The WASA plane i{s not equipped with internal reference signal gemeration
for the thermal infraved scanners. Therefore, it is necessary for
thermal imagery to be calibrated by meking groumd truth messurements.
Thes¢ messurements are made during, immedistely before, snd imsediately
after the scanner-bearing pleve is over the target area.

A Barnes PRT-5 rediomster sensitive in the 8-14 microsm wevelength range
is used for the ground measurements. It is calibrated over a vide range
in its reference body tesperature agsinst a Leslie cube blackbody source.
The temperstures for soil, plant, snd other surfeces, then are equivalent
blakcbody temperatures; i.e., the temperstures these objects would have
if they had unit emissivity. This reporting form is used wnless the

for correction for reflected radiation from the
un'wdhp (fuchs and Tanmer, Agrom. J. 58:597-601. 1966) are made.

The care with which the radiomster &s calibrated and the high emissivicy
of dry soil (sbout 0.92) and grees leavas (0.97 to 0.98) minimize the
departure from true temperaturs.

Interpratetion of the luagery is mede by making microdensitomster tracings
scross the film imegery at sites where the ground truth tesperature is
determined., Optical density of the film at these particular sites is
thea plotted egeinst the ground truth temperature to produce a curva
encompassing the range of film densities in the imagery.

Since it is not pou!.bh to hu‘uu the tempersture of plants, and
exposed soil s in & 4 based , @8 the airbome
sensor does, lnpmo!mlbumbe.mud A highway, a 6
ecre-foot water reservoir, ead smooth bere fallow soil are the principal
calibration sites. Temp ste sleo wede of plywood panels
25 feet by 50 fest recently peinted with 3M opticsl white and optical grey

[
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(obtained by mixing optical white and optical black) paint.

Because the temperature of plant, soil, and ocner surfaces fluctuates
readily with changes in insolation, the direct plus diffuse radiation
indicated by an Eppley pyrencmater is racorded at the seme time the
temperature measurements are made.

Figure 12 shows the relationship of film density (D) and equivalent
blackbody temperature (T) established for a rangeland site. The relation-
ship of T to D is linear., The bare soils were considerably warmer tham
the semi-desert vegestation and the water surfaces were cooler. The
individual brush species vary approximately 1,5 C in temperature,

erma ared YMORY ams

In addition to using a Barnes PRT-5 radiometer for obtaining plant,
soil, and water temperatures for ground truth, a Barnes Model T-S
infrared camera produces a thermogram of the target in the form of a
Polaroid picture., Temperatures from the thermograms can be used to
establish the accuracy of those obtained from the NASA IR scanner.

Plant canopy temperature patterns obtained with an infrared camera
during a study of diurnal temperature changes in small, differentially
irrigated cotton plots are presented in Figure 13, The figure i3 a
composite of 4 thermograms taken at the time of day (CST) indicated
below each thexrmogram. The first thermogram w.3- obtained at 0540, well
in advance of daybreak. The light areas from bottom to top on this
thermogram - ignoring the one at the very bottom of the therwogrem -
are a man kneeling between the plot in the fore vound and the center
plot, an {ncandescent lamp in the far plot, and three aide-by-side
instrument shelters just beyond the plots. The other three thermograms
depict the same target at later times during the day.

In all the thermograms presented, the lighter toned areas present warmer
plant tempexatures, Interpretation of the thermograms is made by matching
*he tone of a target witlin the field of view with one of the eight gray
#cale steps printed automatically at the top of each thermogram, From

the electronic settings used to obtain the thermograms and a paramster
~orresponding to the gray scale step, the target radiance msy be calculated
and then converted to target temperature. It wes necessary to vary the
electronic settings as the crop surface wermed so that temperature differences
~euld not be compared by visual fospection except relatively within fadividual
taeTmOgrans .

“he cotton plot in the foreground and the one in the background of each
rhermogram were at about the same moisture condition, and have the same

tone, The middle plot was driar than the others. The calculated temperature
difference between dry and wet plots was 0.1, 0.3, 2.0, and 0.2 C at the.
aours 0540, 0935, 1520, and 2210, respectively.

1 _Infr ) terd,

Soils are unique in that subsurface soil chavacteristics influence

the emergy received by thermsl infrared remote sensors. Investigations
of thermal infraved detection of soil characteristics are being made

in an area of alluvial floodplsin soils shown in Pigure 14. The bare
soils shown in fields k, 1, and m are those investigated in detail. A
transect of 16 soil sampling sites was extended scross the bare soil
area, having a variation in surfece and subsurface soil characteristics.

Diurnally-flown thermal imagery of the area is shown in Figure 15.

Each of the transparencies was scanned with an isodensitracer to determine
film densities. An isodensitracing of the 1900 hour thermogram i{s shown
in Pigure 16. Film densities (D) are directly related to equivalant
blackbody temperatures. The temperature-film density relationship was
established at a well instrumented site several miles away which was

flown only a few minutes esrlier, in each case, with the same scanner
electronic gain settings. Data from the calibration site were used to
plot a graph of ground truth temperature versus film density. The
relation was linear in every case.

Temperatures at 30 selected sites were determined and are shown on

the isodensitrecing of Figure 16. The numerals beneath esch point (23/26)
mean point 23 which is at 26°C. The significance of these temperatures
in relation to soil characteristics are discussed in the 1967 Weslaco,
Texas, NASA report.

Dats Processing

The of inf {ion being collected and the number of different

forms of data being collected demands that there be s means of automatically
swmarising all the different forms of wignals and to convert all summaries
to a common base,

The Weslaco remote sensing program at present has information in the

fora of photographic and scanner imegery from the MASA plane, analog
signals on magnetic tape from the four scamnmers in the Michigan plane,
photographs in conventional colox, black and white infrared, and infrared
color taken from the local Weelaco plane as well ss information from
lshorstory instruments on punched peper tape, x-y recorder charts, and strip
chart recordings. All these forms of data sre compared to manually recorded
ground truth conditions and to pictures from ground level,

Crop signatures will be developed for testing by recording reflected spectra
from various crop and soil conditions by ground based spectrometers.

Spectrophotometer curves of transmitted snd veflected emergy from indiwidual
leaves wnder controlled conditions are also ussd to suggest crop signaturca,
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Statisticel snslyses and suzzcsics of data in the form of digitined
spectrophotometer curves, data logger output of mateorological seneors,
and other lab ory are being made by Texas ASM University.

Bfficient handling of dsta in many formats and originating in a number

of different forms requires a dsta handling system specifically designed
to take care of tho unique characteristics of the system. Pigure 17.1s .

a flow sheet which shows sources of ground truth dats; ground bssed iroetru-
mentation for gathering ground truth, as well as aerial equipment; and how
the output from the instrumontation and equipment cust be processed and
analyzed by computer and then, in some cases, reconstituted into imsgery.

h retation

In phases of the agriculture and forestry programs which involve tdentifi-
cation of crops and soils, forest and range spacies or plant commmnities,
establistzent of interpretationh keys is found to be a valusble aid in -
establishing standards. Interpretation keys in current use consist of
vertical photographs suppl: d with obliques and ground photography.
Interpretation kays serve three purposes; first, as a training aid for’
the new student; second, as indoctrination into new areas or items for
trained pereonnel; and third, as & comprehensive library reference for

the experienced interpreter.

rest ouvnd Truth

Investigations are underway by the U.S. Forest Service (R. C, Heller

and associates®) to determine the ground instrumentation, aerial sensing
equipment, and techniques required to detect vigor loss and previsual

signs of tree mortality caused by bark boetles in coniferous timber stands.
.Ground and aerisl studies are involved. Figure 18 shows the 1966-1967 e
USVS-BASA Black Rills Beetle Test Site near Lead, South Dakota. The following
"are examples of ground truth obtained in this study. Many other forestry
projects are underway for which grcund truth data are collected,

Establishment of Attrectant Sites

It has been found that by placing laborstory reared beetles in screen cages
on host trees (Figure 19) during the purind of active beetle emergency finm -
the suxmer, wild beatle populations could be induced to attack the tree

with the caged beetles and many surrounding trees as well. In August 1965,
a totsl of 11 sites were established in this menner within the study ares,

Matbod for Dete in,

Needle woisture tensiocn 1s one sdditionsl parameter measured in 1967 that
may help to dstermine early vigor loss. Briefly the method is ss follows:

# Pacific Southwest Forest and Rangs Experimsnt Station, USDA, Berksley,
California.

R R A R R

&

9
The twig end of a frashly-cut foliage sample (ebout & inches long)
is ingerted through a rubder "o" ring which 1is fitted {nto the top side
of a pressurised containex (Figure 20). The proximel and of the twig
is exposed to atmospheric pressure. The seedle portion of the serple
is then placed inaide tha bottom part of the contsiner and the two
parts are screwed together. HRitrogen gas is introduced slowly to the
container until free water begins to bubble from the tracheid cells in
the cut end of the twig. Horwal foliage required lesgo pressure to force
out the water than foliage from stressed trecs. The absolute pregsurc
values - but pot comparative values - are affected by time-of-day, seeson,
soil moisture availability, end sunlight conditions.

Preparation of Ground Resolution Target'

A ground resolution target measuring 8x68 feet was constructed to determine
spatial and thermal resolution capabilitfes of thermsl infrared scammers.
Twenty-seven fiberboardpanels, each 4x8 feet, were covered with 2 ail alumioum
foil; the foil was pasted to the smooth side of the panels with wallpaper
paste. Half of the panels in widths of 2, 4, and 8 feet were painted with 3M
black velvet paint; the remaining panels were left aluminum. They were then
laid out ip alternating bleck end sluminua array (Figure 21). -

This target array was designed to test vhather the sirborme scanners had
a l-, 2-, or 2-milliradian resolution capability. .

round h_Measurements - Short Orbital Mission

The following ground truth measurements (at time of overflights) would
be required in relation to a 10-15 day orbitel oission:

1. Simultaneous photography (aircxaft and ground).

2. Plant and soil obaervations at all ground stations as recordod
on standard form (Figure 3).

3. Short wave spectrometer specti'a.
4. Mateorological seasurements

2. Barometric pressure

b. Dew point’

c. Intoming total radiation
d. B8ky radiation

e, Wind

f. Ambdient temperature

5. Specific {ields with stressed plant conditions shall be established
to determine if they can ba detected from cpace.

6. A large bare ficld will be subdivided end prepsred to includa
different soil conditions for datection frow opgce.

C R i TR
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7. Large areas of various range type plant commmities will
be delineated for sensing from spece.

Ground Txuth Messuxements - Ope Yeqx Oybitel Mission

The scame measursments made for a short orbital mission will ba made for
a one-year wmission with the following sdditions:

1. tial weasurements will be mede to establish the validicy

of orbital sensing of plent end soil charscteristics under a wide variety
of conditions.

2. Yields of crops will be measured and corralated with orbital
sensing data.
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ERIRIT A

s Objectiveas

of various
characteristic multiband signaturss of
i : [ ud-t:::mummmmvnma.m.

2. mm»mmmmmmwrﬂ“w“‘lm
i techniques.

Variables:
2 1. Under investigstion
4 e. Crop varietios

’ ' (1) Cotton
(2) Grain Sorghum
(3) Citrus
: (4) Corn
(5) Vegetebles
(6) Pasture
(7) Oats
(8) Alfalla
(9) Hative brushland
b. Stage of maturity
(1) Plaut hedght .
(2) Leaf ares index
. (3) Percent ground cover
(4) Number of nodes
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¢. Plant vigor and ocondition
(1) Stand (Plants per unit length of row)
(2) WVeediness
(3) Crop color
(4) Nutrient deficiencies
(5) Inzect and disease infestation
(6) Relative turgidity or sbeclute water content
(7) Yield or potential yleld
d. Soil charscteristics
(1) Soil series
(2) Moisture conteat
2. BNot under investigation
a., Climatic variations
(1) But dates of irrigations, standard weather station data,
and solar radiation infarmation will be recorded or
avallable.
b. Cultural practices
(1) Will be observed and recorded at test sites.
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Procadurs to be followed:

mmmmumtmumm..
along 65 miles of ground test sites, and ‘“.
SASA and locally chartered plane. On these flights multiband imagery
collscted from airborne remote ssasors such es multilens cameras -n}.:
channal optical scanners, thermal pyromsters, 4

scanners, and other
desaribing the soil cond}
Wk tho Suitibant sigmateres, . 7 tic08 1s collested simultanecusly

mmmuwm,mdm
differences in the crop signatures. sally %o detest cbviows

S e e,
mumnmummrmmmm..“mm“m
Data to be obtained:
Gmmm.um&um,nnbobwu

a. Voltage signals on magnetic tape

b. Recorder trece on paper charte

¢. Fhotographic imagery

d. Thermograms

. Photographs of oscillossope display

f. Isodensitracings of transparencies, and

8- Densichron readings of transparencies

ALl signals will t intensit;
= Nr-u.- y of reflection or exission in one

Interpretation and Application of Results:
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LARS Inforeation Note OBLAGT

Purdue tniv -reity .
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TABORATORY FOR AGRICULTURAYL FRMLTR SERSISG '

Pruck Instrusentetion and Copebiiities

The &-tc £1614 dsts instrumentation 1o deslges to be nounted as o
cosplete unit 4n ths fleld ven such that ell fi6ld do%s con be collacted in
'mmmecfmmwumwanwommoxw
equigment and o minizum of eot-up and take-down time. 45 e self-oontaloed
unit, the field van contains all the Kscesssry eausuring equipzent and ita
ouMR POWEY 8OUreS . Provisions are incluled for operating “»2 dsta collecting
{nstruzants oo aither the fleld ven T3of or the cherry-picker bucket (wp %o
50 fest from the ground eurfecs). The gusersl ins echemsti:z 1o shown
.in Mg. 1.

s instrumsntstion includes the seneing imsirumsits snd ibe nscessary
nmem. hemowgingemt coneists o!ﬁchm—-
the Aspax G9-300 ceven-chamnel (172 inch) B or diroct taps recorder, the
Horoywell 2h-chomel strip recorder, end the oporetor s dote eheet. The
Auyex BP-300 nv;an-asumlmpo rocordor 1t ueed to Jecord the outpul signels
(interforogress) end the digitising siguls (clock slguals) frem the Mk
inter s. The put siznals from the Hlo.k Loter 1 .,an.ara
um»mmum.mawmmam'm@mﬂaum
{aherent in 0 diroct mode tape yecarding &mwice, while the click Blgnels ere
recardsd in ths direct mnds b of the Froquuncy lisitat ons of the B

ot A

mole. Provicions ore inclused for a volco chsmmel for recurding dertirfisstion
ruzbare ond other pertinent inforastion if 1% 1s desired. The Homegvell 24~
mlumynew&riamdmnm&hn@aﬂhuwmm
slovly-varying signols from thernscouples ring the g azdfcc ablent
ey at various levels, the output aignol from the Bypley pyadel
uesd for {ndfcoting the ontity of frcidwms olar exsrgy coatoissd in foar
wwmmwm,mmummmmmwwmm

[P

SPCCTROMITER LPT(CAL

STATION

TAPE NECCRDER
‘MR COMD. CONTROL

(7 CHANNEL)

~UTILITY OP APS

~ PATCH PANEL
B MASTER
EXTERIOR POWER
PATCH PAREL
SPECIROMETER

LMAIN POWER PANEL
{ ,POWER DISTRISUTION|

b SN LY e aeik, Wtats 6

INTERFACE

INSOLAT!ON
INYERFACE

- 24 -CH. RICOROLR

MICROME T

—

CENCH

AR T

CABLE $

LAVATORY

e
P

Psuwe 1 mmm-mmmmumnmmm.




mmmwummmumwcumm
WMMMM*.’M“MM!N“&M
solar energy. This dor is a 1 Smv recordsr for indicating
mmummwmmnaw. e
muummumwnwmmwm

data recorded on the other recorders. Tais includes information such es the
run identificetion numbers, the tape position indicator velues for the stop
unmanam,munotm,nnmwmm,ﬂ
photogreph number 1f photos were Sakan.
ommmmtunmtwwuuu.uw
unit. This includes the 6.5KW gasoline (or gasecus fuel) driven Kohler
frequency ste™ilised MG set for supplying instrument end lighting power, the
wmmktm—tmmm)mwmmmum
ummammummwmmmumm
collection, the tranceiver gear for communioations betveen the operstor of
the sensing equipment snd the recording equipment operstor, end miscellanscus
mmmmmammm-uw..
AttbcMﬁ-MOfmmnlnmom_utﬂun
otmmo@i_thumwmwummhu
collecting missions. mmr«mmmnummotum
deWWmm-hmm-muDMu.
The instelletion of the y equipment is complet snd in operetional
status. mmmwms.snmm-u-munua
mmumnmmnwcmmuu-me
to meintain constant recordsr speeds. The 3V ganerator comnects to the
mwumuumwwumnm
from the van. muwmnumwduwmm

;ummm-mmaummmuwm

17 .

digitel converter, Tools end msnuals ere in permenently mounted cases end file
cabinets in the ven, Becsuse of ‘he weight &istribution in the van it has been
found necessery to eguip the truck with hesvy duty springs which sre now Leing
obtained.

The Ampex SP-300 tape recorder and the Block 195T and 195 interferometer
electronics ave rock mowrted in the van. Figure 2 shows the recorder in its
sount in e preliminary set-up. Cabling has been made with interface panels for
muummuemimmuwumofmmumu
nmawumm-nwumnmbunms. At the time
of these photos, the truck imterface panels were not installed. The cabling and
interface panels allow for sisultanecus operation of the Block 1958 and 195T
interferometers. Operstion from the ven roof is made by mounting the optical
Mu.mmmmmwmzrmummmmm
the optical hesds to the interface panel. Operation from the cherry-picker is
made using an instrumeut platform moumted on the bucket. The optical heads are
mounted on geared pan heads fixed to this platform. A fifty foot cable comnscts
the optical heads to the truck inmterface panel. The long cables have not notice-
ably affected the quality of the output signals. The cutput of instruslent elec-
tromics in the van are conmected via interface panels on the instrumentation
rack and on the recordsr rack to the respective recording chamnels. The input
ndmotddua-hm-niwodonnmmucapfaw-ﬂm

level adjustments. .
ml—mnmmuumm«mmuu-
rack in the van. Connectiuns will be made from the order to the outside of -

the van. The semsing equipment for this recorder sre, for the most part, ;
Wmmm-m»‘mcmuamm,nmmm. ]
or in the cherry-picker as the experiment requires. 5
n-ww&um-—mmm—nwum
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Block 195E and 195T interferometers, three operators are required. About 15
-m-mmmumum-wmmmmmmm,
optical heads, and cebling. For the 1958 interfarometer, liquid nitrogen iz
umnmammmpmummum-nm-wm
w..h the optical head. Amrﬂu“u@iddtmwhobwm
order to assure cooling of the detector. The rua procedure requires that one
opont.orumdnuﬂ-pidnmmmknmmmmuﬂofuw
mlotmmmwmmmmm, description, etc., on the data

sheet. Auntnotmmammmwmmtomn

the runs. thmmwnmmmmwmlmtim,
and takes radiometer readings as required. When all the runs desired at cne
location are complete, the cable tomem-nacmmcmum-
:omctdatthnphﬁ’bﬂudth‘vlnlnﬂchmy-pi&u-nml‘ltdyhﬂn
new location. m-mmammammu.mutnmor'
15.1muuwmm.m.m1-m,-ntude¢uumum.

The date 1s transferred to the LARS A/D comverter by mesns of the fifty
rootcnbhndmorftccpmhnmtmmthnhuﬂx- This ellows the
data comwumm”—)ooummmncmmtm
san. The transceiver geer is used in this mcolltaemicnuunm
cqumum.mammwormmcmumhum.

S Gl o Y ey i e e

s o B

Plgure 3 mmwumzum
bend from the field van reof.
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LOCATION: Tremsect ___ Site No.____Jasel Descr.
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W FLOW SHEET
WESLACO SWC REMOTE SENSING HANDLING EQUIPMENT

¥ 1 MICRC- 2
HOWELL DATEX
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SPECTRO-
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i DATA 4 ; PE
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w FLYING 4
¥ , SCANNER
m STATUS OF COMPONENTS 1 COMPUTER PROCESSED 3 RECONSTITUTED
] _» wzz ﬁuw- ANALOG SIGNALS e IMAGERY
¢ 4 FROM AERIAL SCANNERS 4 sTRip CHARTS
¥ 3 NEGOTIATION FOR TAPE
2 COMPUTER PROCESSED PROCESSING AND
” 4 :Pm%:og»n >>z=o%»«%z TRANSPARENCIES COMPUTATIONS
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THERMAL IMAGERY
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n a vory broad m,muwomemham(mus)

osorides a systeoatio mothod in vhioh ground and airborne esavor
ata are acousulated and shous how the resulting inforwation, tis
ors of u final evaluation of rocotely sensed data, 1o produced,

ince the ultimate objootive of the progranm is to reests-senzs wpecifio
argots from space end aipborns sensors, it fallows quite logloally
hat in the initial etagos of the program a oloar undorstanding of wint
ontributes to the total signal of any censor wust de defined snd
sasured if ve are over to mako sense out uf the data,

istruzent teams poet understand the limitaticons and capabilitico

t their own instruments before user groups can intelligeatly dedisaate
20ir ude for any spocific targot, Ths need for calibrating tho
wtrusants bty duilding a backlog of data gonoreted over carafully
tudlod targots has been @ conzon objeotive of tho instrunaat cad growd
uth teams, ’ )

a desaription of the varied parareters that affast tho total
ignal of the miorowave, infrered, multispeo, and radar. It now Yeccmas
9 chargs of the ground tead to colleot the date on the growd that
\n be used to dasoride quantitatively the porocrtego contributionm of

geologio target provides some of tho moet oomplex problems in remots
meingy hovever, even though the targets vary, hs cams ingtrumsnts are
wolved end the parametare, if sny, remsin conotant, It is

ichniques that change. .
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the thareal ccaduntivitw, s
mmat:sdowm: wvill heat more repidly wndor uurn e oven
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puwnpwwmwiuawmﬁ dw
mmnunm - 'i‘.’i“mﬁ e o fmn. soi] matarial vil) quickly
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Proper interpretation of the emvironmental variables is

in defining and interpreting thermal ancmalies,
voloanio eruption, the type of material

eniesivity

In

pradioting

thormel diffusien
cags

s the
tranafor
. In

the contained

tion of the

tter, three varisbles mmwt
solia

h&tm“\uﬁn—ﬁoﬂ
ty - resietivity balance. In

t ssssuwrensnts can bo made direotly oo

te oa

wny of the pereastere affeoting
The sajor difference

iafrared
of

is controlled by the dieleotric

spectra

in the

is the

power
o ccnstant of the

Ia areas of
the

1,4

is lower than hat of the
arface
portion

bure

Plate 11
Fote that

rediation.
materiels VAich secmot

of water




q. P ST | B mm mMmm myw
§25338s . 43653
i il s
2L g i gl i
i mm,m v m_ plateey S 3508
8 3s% h.n nvw >

i, il
i et il Gl ol
o s e gt A

28 Brkfi=is um i mm glafisf ot
ot g il o Bt

1% iz AIR AR |

,. it il Bt Sty Thip) 1)

3

D $e3 25
, il 7

U




8. = 4 boresight oe depla
the fleld of view for the misrovave redicmeters iz required for
the in tation of microwave data, These ssnsors are tisd to

the field of view of the existing miocrowave data is ocumbersome at best,
and impossible at woret., The miorowave radiome
the camera systems are flexmounted., The ocsmeras look at
radiometers look a minimum of 10° from tha nadir, and

9. W-hmm«muﬁm
of 3,000 and 6,000 for night mdssicas at 2,000’ absclute to see if
visual data can be gathered to permit interpretation of tle nco-imaging
data such as microwave redicmeters and scatterometry.

10, - = Tost sites for instrumsnt calibration for AAP-A
be as sarly as possidle snd should be overflown with the
airaraft in the near future for preliminary studiss,

11. The time is approaching whea ground truth detexminations should be
standardised as to equipment and technique. We are not at this poiat
today, but it 1s on the horison. Oround truth aquade (#6 adove) will,
of course, bring increased emphasis on this requirement, .

i
5
i
E
£

53

the

October 1966 and represent an evolutionary

thought sinoce that time, »ather than ideas generated in
weeks,

geo.

1. M:%_&m.-!or logy we believe that the test sites
should have conventional geology available, so thst the field
spec:

subsequently write and make available
of operations, .
men, sultably equipped,
in the area should
be approximately two weeks, during which time they establish themselves, support
an airoraft overflight in preparation for the spacecraft overflight and finally
pport the ep ft overflight., Thelr work will be laid out in prepared
manuals vhich will become available prior to their departure from MSC or
O‘hl h“.

4. = In conjunction with the spacecraft
flights there need to aircraft operations to permit the build-up of
remotely sensed data in three dimensions: oa the ground, at aircraft aiti-
tudes, and at space altitudes, Simultaneous aircraft cverrlights are of prime
imporiance in the early spacecraft missions to provide a standard of comparison
of data, so that the quality of the space semsors can be more acouratsly
gauged, Ideally, identical sensors would be on the alroreft and spacecraft,

5.-W- Bight to ten test sites should be sufficient
to te the sensors for a variety of geologloal features. The majority
should be in the United States for reasons of eccmony and efficiency, but

a few will need to be outside the country to mest conditions which are not
found within the Thited States, The test sites reccmmended here have been
under consideratlon for more then a year, and appear to offer a most
mtaningful experiment calibration eystem, They are numbsred in rendom
order and no priority is intended by any of the numbers,

5.1 MoDonald Range, Alice Springs, Austrelia, This is the locale
of a great sequance of sedimentary rock very simply arrenged, Detalled
geologic reports are available and the area is idsal for the minimal soil
and vegetation encountered.
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® PRONIZATION A/C OPERATIONAL Tig
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erence a vely
imately 3 db attenwation, ground truth obssrvations regarding the weather may
be confinsd %0 brief visusl reports of conditions, Data on attenuation by rain-

In evaluating multifrequency, polypolarised radar it is essential that boih
esrefully-controlled ground sites and extended sites be available. Detailed
have been msde by Cosgriff, Peske and Taylor (1960) and Peake,
Riegler, and Schults (1966) ui.n’ truck-mounted reder equipment. Those and
eintler stuM

large 2 . As en exmmple, tde ground truth
data collested at Garden City, Kensas (NASA-SC Test Site No. 76) may briefly
be desoribed through the factors which wost influsuce the radar returns:

Ve Mmmﬁmu&d1/1odmw'mmw

2. Go-u-yo{mmfmafuhebjmmxdum
Dislectris properties, iveluding sonductivity, pormitivity, and resis-

5.
factor, 1t {8 very impertant (o soquire
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1. Crop type, bheight, moisture ocontent, and ltap.ef growth,

2. content of the soil at several
3. Method of land preparations, including » Yow direotions,

4. Percent of
ka 3 ground coverad by wagetation, measured at the reday

mm.unmwuwhmum
mmwwnmam.-’“h

ete,
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conditions. Lendform (geomorphic) enalysis elso important.

Geological Survey both for the geology and for various environmental
faotors (soils, vegetation, land-use, sto.)

3, Wichita, Ksnsas Soil Strip (MASA-MSC Test Site No. 35) - Chosen
because it is an area of diverse soil types and is covered with a number
of recent soil swrveys,

flat areas or recently ploughed fields stereo or
wmwbw(ﬂnhtmvlﬂl!hph profile
ssmmler) , o

Ground truth curreutly collected at Garden City, Kensas (HASA-MSC Test
Site o, 76) by perecunsls

1, Mape of £1ald boundaries bhave been made from ASCS 1:20,000 scale’
photos, These field maps have been checked in the field and
modified to fit cwrent conditions.

2, All field data is plotted on the field meps.
a, All fisld dsta 18 collectsd oit eithar side of three N-3

of
of sach of the three
test strips 1s 16 miles, An 24ditional ¥1 1line 1s located diagonal
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1s1ds undsr the . Standard soll cans are
fleld during seversl NASA sponsored side-looking redar (SIR) missions, }"m':;:':.zmhd. ﬂﬁ*“"""‘""‘"“'"ﬁg""m o
mumoodulm,mam”mdmmpm To date, only r

the resultant photography and psrceat of gromd coversd vas about inches, Howover, vhen

calculated, Mnlwrmdw&qtcm-u e amﬁ“"mc“""un"ulnrmvg
incremental steps in cover of various crops was obtained, the molsture data will be scquired at throe-inch g
mmmmmrwmnwmu inches.

weight d.vf?mdwpmmm-ouqdummom
z‘:mwnm‘:: 105°C wntil they lost no water, A volumetric

4, A& moisture is caloulated for the
verage orop orop i is used to establish a measure of soil

percant
:nnchthm. The procedure for obtaining this information is es
‘ollowes

(1) Sorghums Ten or mure lssves rendomly selected from
-mmnmm,muu.muumd-
etalk, munh.mplmodinnliuhphnunh‘udmhd,ud
the sample lcocation noted,

of

g. Mditicnal field date are noted such as:

Stage growth (maturity)
gg State g ::’mp (parched, diseased, weedy, well-

(2) Corn: The ssmpling procedure is similar to that
&lmm-mmdhmhmuwmuthmyunthtm

(3) Beets: This plant 1s es lsaf and root.
th-cttnammlmu' mna-rnmwum,un?;
wuh-t-wivmmhlyukndw“mmrutht

field. The semples sre sealed in a plastic bag.

(4) Wheat, Sudengruss snd Alfalfas Approxizetely tes
cuttingu of these are takwm, If vioat and Sudangrase are hesdad, sevaral
heads sre included with the staiks. All ave seeled in a plastic bag.

(5) Pasture, stubble, or weeds: Repressntative ssiples of
?mmm'mro;mtmumu..mm

cultivated, eto

(3) .)Irdcdd or m;irdpwd (with epproxizate irrigation
recently~-irrigated fields
date of

o. All semples are collected at lsast €0 fest into the £1e1d to . - In general, averegs roughoess lees thes /10 (1/10
elininate axtreneous effects on the leld margins or near the rosd, If %.&:mc’h-ﬂ@wwn"“' Foughnoeas
fields of crope are at lsast 33% weely, representative ssuples of the wesds vave of the transaitted pulse and

this affects the scettaring
grezter than ot the .w'mmu-apuof

e
orgeulsation of this rougtmess,

. ¢ g




The radar wavelengths which are being or will be used in our studies
are given below,

Wright-Patterson A A0

(Avionics Aireraft) 35,000me 8.6am lmm
: 8,910mc 3.en 3um
Naval Research 4,450mc 6.7cm lem » Radar Imagers
Laboratory 1,%25mc 24 om 2em
428mc 0 cm Tom
NASA-MSC 16, 500me +18cm .Olem
NASA-MSC 400me 75 om 7.5cm - Radar Scattercmeter

Extremely rough surfaces, presenting many faces to the transmitted pulse
within the confines of a single range resolution patch, act in some

degree (weak or strong) as Lambert Law scatterers, However, to our
Iknowledge, only dense evergreen forests act as strong Lambert Lew scattsrero,
though gravel bajadas and es lava at Pisgah Crater, California approach this,
Most surfaces, it will be appreciated, are essentlally rough surfaces for
the short-wavelength systems. BEven a pond lightly stirred by the breese

is rough, An absoiutely still pond at dewn may be smooth enough to be a
specular reflector to all frequencies normally in use,

Requirements - In areas which are totally or almost campletely vegetation
free, oblique and vertical ground atereo photographs siaould be obtained
which indicate the nature of ths micro-relief, Scales should be included
on all photographs. In addition random microrelief profiles using a
device comparable to that used by Dr, Timotby Whitten and assvciates or
that by Dr. L. F. Delluig of the University of Kansas should be used.

The Dellwig device is designed so that microrelief at lom intervals may
be obtained at a series of randomly designated sites on each lithology.
The bases for randomization should follow standard statistical design,

of the type employed by Dr. Timothy Whitten at Plsgah Crater.

The operation of the Profilometer is simpie. It 1s loosened over the
sample site. Thin metal rods drop and make contact with the ground.
All are then clamped with butterfly nuts at both ends, laid flat on white
paper and the ends lightly sprayed with spray paint to give a microrelief
shadow, The shadow is then a permanent record of the microrelief at ths
given site.

Profilometers may be made also with 0,.5cm centers as well as 1.0ca centers
for the thin (1.5mm diameter) rode, Our present Profilometer is on lom
centars, Our next one would be or 0.5cm centers and we recommend the closer
spacing as giving a better control on microrelief,

The micro-roughness problem is exceedingly difficult to handle in the

field. Our solution, of using stereo ground photographs (with scale),
together with the Profilometer, falls far short of the requirements for

e

87

proper thsoretical treatment of the data. It is a counsel of desperation,
pet the ideal, However, we cannot ask geologists to obtain weasurements
of microrelief accurats to lum on X-Y-Z coordinates over distances of
meters in the field.

cal and und ol ue photographs should be taken wvhere
mgﬂwowzﬁnmuﬁudeMpmﬁdmu
cover may be made. Obliqne photographs should be taken at an angle
of 45° 3f possible as in ths photography below, Color slides or Pohrou:
are appropriate to accompany black and white {35mm). It is most importan
that a copy of the best available recent air photos accompeny the
geologic map when sent to other investigators.

- A logic map with atructural symbols is essential
% %omtm as are ;:ohgic cross-gsections, Sub-surface contour
mups as a geologist ordinarily thinks of them are umnecessary, though materials
very shallowly buried (a foot or s0) may ve oampled by shallow augering,
If isopach maps are required by other investigators we would not ignore them,
for we can make use of them. More desirable would be a measured section.
Since much of our interpretation will hings on the quality of the geologlc
mepping it is essential that the best talent awailable be used for field

and
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soms of the effects of vegetation can be filtered out, but inspection of
ground photographs of Pisgah Crater, for ezsaple, shows mmall vegstation
of sprawvling habit whioch will be included willy-nilly with rocks with
most sensors, including recar,

f tine service
ubontorydiohow-umummt-dcu a rou
(with sppropriate fee) by any individual or agency &3 yet.

Befiastize Charastariatios - Albedo - Ve vould 1ike information ca SHedo
in a1l wavelangths availabl as a function of sngle of incldence. This

ignif !pummi.ncvnlx-umottbondn
:f:o:f.;: m.v: M“;hnﬂd up data on the relsticns between
.nndo'nnaudnnm for experisnce 1n working with comparable
lunar relations.

= Lhvaical - Notes on the demsity,

porosity, permeal texture, snd preferred orientation of grains,
Jointing, shattering, are appropriate, If the rocks are fres of -
vegetation and the overburden is lescs than & inches thick, a full
megascopic description should be mads, It is assumed that a sulte of
rocks will be collected for later study, and that detailed laboratory AL A e it
et = ) X %0 was flom off southarn Newfoundland erﬁi:am::‘

tterometer/sea-state data. Prior to the mission, a mee held
:?:sc to mfum: among other things what kind of ground mxthimm-t o
-numnq\nndforthuundctmt. ntlumtuﬁm .
uouﬁmtmumiofmnddﬁw-nddimtm ea.:"h;q

loyed by Dr. Willard Plerson of Nev York University is appropria or
et truth at a wvave study site. "Hindcasting” gives estimates of wave
height of tha desired accuracy and repeatibility for scatteromster/sea-
state experiments. However, dequate hindcasting dep ds on inputs from
many vessela at sea.

Some of the radar systems we are studying bave the propsriy of recording
poleriged and cross-polarised return signals, Polarisation end cross-
polarization may be sensitive to anistropy in minerals, layering in rocks,
slikensliding, ete., as well as being sensitive to the direction of a
dielectric slab (such as trees versus a sprawliing crop).

Dielectric Properties - Permittivity and conductivity both affect the
vadar return signal, Permittivity le dependent at least in pert on
transmitted wavelength and strongly influences the reflecting properties
of a surface in the wavelengths we are using, Conductivity in these
same frequencies affects mostly attenuation of the signel.

Suggested alternatives for the inputs are:

{ . hvomtwmumhum-antmlamd,&mm.
ﬂnu:nthft oouldbonfﬂneunﬁmlreeordinctypo or visual obser-
i vlticnloombomuddurmtbu-ofs-uam.

i pborne wave height recordings eitaer of the contlaual recording
‘ nr:oi; oﬁy a trained observer. Ship locatlion would be preferetly at
end of flight lime but if not feasible, somewhere along the wind feteh,

Permittivity end conductivity are closely related to the contained water
content of rocks and their mineralogy. Published values of the dlslectric
for rocks indicate much overlap within the igneous and metemorphic groups
and even scme sadimentaries overlap the former in value, )
However, as a general rule ssdimentary rocks have higher conductivity

thsn low-water ignecus types, usually well ouiside the sxtrezs range

of the latter. It ia worth noting alsc, that much of the veristion
dielectric within e single igneous rock type probably relates substantielly

; Mmfuumhumtmuymmudmnuuyws
to slight variaticns in contained (including telluric) water,

- equipped the NASA-
aireraft should fly side-by-side with
short, differen vt P raratt. I1deal situation ould be to bave & peof tler
wi o .
In , difd ces in dielsctric prcpertles are not likely to be a mwummp’dwm
reascnable basis for specifically distinguishing betwesn say, as or pahsehoe
laves with redar, Their veriaticne may be signifiesnt at gome vavelsngtis.

If date is being collscted at the time of a vadar flight it would be .
appropriats f~r fleld geologists to obtain in triplicate on each lithology 3
some conductivity msasurements for the aurfece rock or soll, Zollowing a 4
standard procedure, At other times judgsmsat should be used. At Plagah

Crater, for exauple, to determine conductivity scon after a rain would

be a waste of time,

d-mmnmmwfwmm
mmhbohfmm. for the following reasons:

1s con -adncmnthoyolotms

for ml' sn;:wm m\mﬂd md%onﬂnordﬂrofl.mdl (i.0.y

: o s swproxisately 4 seocnds for & eve to fors end break 5o dhat |
{ - mmwmhhmthanLMmﬂmunocm&n

A

Permittivity camnot reascnably be determined in the fisld and 1s excesdingly
difficult on soils, Consequently only solid samples 6Y x 2° x 2%
should be collected and packed in plestic bags in air-tight metel beums

for ladoratory dielectric measurements, "

t
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the true geometries of the waves). For an ordinary metric mapping camera
vith a 6-inch lens and €0% overlap, cycle times on this order of magnitude
would be most difficult to achieve unless the aircraft flew at very low
altitudes (approximately 1000 feet). At this low altitude in high vinds
and seas the scatterometer data is degraded and severe turbulence would

or fully exceed the stabilisation limits of the camera system;
hence, distortion problems. Such distortions are expansive to remove
during photogrammetric processing, but the resulting processed photography
is of questionsble value without it. Then there would be the questiou of
time and monay involved wvith transforming and stereo plotting a large
mass of stereo photo data, almost regardlese of altitude.

Another factor should be considered in regard to stereo photo acquisition,
Scatterometer/sea-state data acquisition experiments are designed to fly
at the highest altitudes practical for the aircraft involved in order to
average over a large enough area to encompass the full spectrum of the
waves., This means aircraft altitudes, according to present MSC aircraft
cap- !lities, in the renge 12,000 - 35,000 feet., At these altitudes it
is almost certain that undercast conditions would prohibit aoquisition

of stereo-photography. And the cycle rates are prohibitive,

Bi-static or side-lap stereo photos in which two aircraft, eash carrying
nsingh-ppiuemnmdﬂylnguld.—by-cmoooummﬂamnq
stereo photos, The ramifications of mlssion planning in this regard are
almost without end,

In summary, there is no single simple accurate sclution to obtaining
grouwd truth for the wave spectrum of the ocean, Any decision is a

and the location of the site in relation to available ASWEPS
and NASA aircraft, shipping lanes and so on are factors to be comsidered,

Ground Tryth for Sea or Lake Ice Studies - The following data 1s required
to support either imaging or scatterometer studies:

1. Vertical pan minus blue air photography, 60% and lap

2. Ice and snow temperature measurements at several depths
(surface, 1 foot, 2 feet, etc.)

3. Ice and snow contained moisture mcasurements at same depths

4. Borings to determine depth of ico and snov. Yor scatterometer
studies at least three borings should be made in each ice type
studied, preferably up to 10 borings in each ice type.

Sround Truth for Sucw Dewth Studies with Radar - The following dats is required
to support soow depth and wolsture content studies with multi-frequency multi-
polarisation radar scatterometer and imaging systems:

1. Vertical pan minus blue air photography, 60% end lap

2. Snov moisture content temperature, and depth measurements at
depths cf 0", 6", 12", 189, 24", 36", 48", 60" etc.

3. VWhere feasible multi-frequency transponder systems may be employed
in some cases at remote sites. However, such & system is warranted
only for experimental evaluation .f snow depth penetration.

i e i
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Qgesnogxsphic Gronad Truth Bequirsecta
Hada Yotko and Jo B. Zaitasfl
Spagacrslt Ocsagogranhy Prolsct

U.S. Haval Oceancgraphic Office

This report discusses the atatus end requirements for oceanographic tost
sites involved in the Spacecraft Oceanographic Project, United States

Oceanographic Office.

hwnmmmmhmmmwrm,.wm

of ments are being conducted various remote sensors. The
corrent effort of the Project. under the EASA Program

t
and instrument dsfinition and the use of aireraft

ThohﬂhluomuSurnvhomnhnﬁlisiunm-borofMdmuu

msans of calibrating sensors and providing "ground truth® for assessment
of sirborne or spacecraft Jeasors. Matters pertalning to test sites are
governed by the Test Site and Aireraft Committee of the Hatural Resources

Several test sites have been selected for oceanographic purposes. The
genaral locatlons of these sites are shoun in Figuwse 1. The selection
desired to be measursd

¢ phencmenon
and the availahility of the critical requiremects needed to provide adequate
truth date. tost sites are cstagorized as: (1)

ground The oceanographic
Salibration aites, (2) overflight sites, (3) special purpose sites.

(1) Calibration Sites - Sites with elimetic/historical oceanographic
data available. Thess sited are instromsnted and manued to pi vide correla-
tive enviromsental ground truth. They provide multd-purpose envircamental
sensor test facilities.

Three calibration test sites have boen nlnmwmmnwmq

Office (NAVOCEANO) for their diversity of ocesnographic properties, which

are considered suitable for evaluating the varjous airborne ssnsors under

Xnow sarface conditions. These sites szei (s) Argus Island (Bermuda),

(b) Point Barrow (Alaskz), snd (c) Seripps Area (Scuthern California). It
overflights will halp svaluate the aircraft

{s intended that calibration site
:uummmmmmmm»tsmmpw

lsrge amount of oceanographic data. .

(2) Overflight Sites - Sites containl one or more special oceano-
graphic featurss. Surface data will be obﬁnd on an opportunity basis.
Some historical/climstic data of atlas type sre >

o RN
P S AN

<
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A larger number of ¢ overfligh have been sslected
t oites

by RAVOCEANO to extend the semsor feasidility investigaticns to a

to

groater of conditions solected
< mml.l)hlmh Bay Ew). (b) Colusbia g:u.-ll‘::ﬁ (Oragon)
. Ly Region (louisiens), (d) Florida Straits (Florida)
nqmmm (‘“m and T1°-72%), (£) Gulf Stresm (off Mova Scotia
lo) o Fewfowdland), and () Baffin Bay (west of Greenlend)
mmmﬂt sites, swfece data eoquisition 1s arranged with Y
doing orrelated 4ith the pm.? alroraft thrh:p::mrt :.‘rnw o

(3
r“mz Special P:-:m sxmu;fuu which contain one perticular

The aveilability of concurrent surface improbable over Special
data
Pm-p:o S8ites, and interpretative uduiquui:n the ,ﬂ-ryx

aval uu:.th- data, Littls or no historical/oclimstic dnhhmidhhh
Tisse mmuumwbmumwmw i

arises to coordinate aircraft {1
tnMMummm?“wwrwuww

Because of the nicessary requirement

of relat surface
remcte sensor "signatures® calibrati og paremsters to
content of this report. site functions will be the tesic

The suwrface equipment recommsnded for
tion 18 cutlined in Table 1 for esch of various areas of
of the Cali
Site deseriptions, functions, and requirements .': ::‘“'. s“"l 2 Ic‘n‘ﬂ“ﬂ

Site Desoriptions
~ Argus Island s o Texas tower-typo strusture,

ogrophic parsme s ity in measuring and investigating-gross ccesn-
o e o el byl el g e . s g gt
or indirestly related to the fallosing areas of isterests @ O
1. Sea state
2, Burface

Because of the water depths pressnt vave calibre

perforuad &t Argus laland vith ....:.;‘:1‘5.":.”:.' o e g "w

tidal/pover speotrs date hes been eolleotsd at this site, The m.?m
»




The types of equipment currently available and utilized at Argus lalend

balow,

Jogizument Raxemstacs Meagured
1. Vave staff Vaves .

. 2. Apcmomster : Wind spesd and direction
3. Themmistor Sea and air teaperature
4, Tide gavge Tides
5, Current xeter Current opead -

6. Current direction senscr Current. directicn
7. Eppley Pyriwlicastere Salar rediation

radicmster et total redistion

The following ere data presantly svailabls at Argus Islsod:

1. ¥ave baight measurexentis
2, Current ssasuremsato

3. Taal

4. VWipd and direction

N
i
H
s

‘tecinical/labor psrsoonel
as by tho Arotic Rescearch Laboratory (ARL)
undar contreot with the Office of Haval Research (ONR),

general areas of investigation are ocneidored at this site, These are;

g

3 - Tho geograpbical areas —

1. o
established £

mmuwmmmumwnnozn'lht.,mlm
¥, long., (b) a narrow ¢trip of 30-60 miles long Pt, Barrow at a
courss of 045° true, (o) an equivalent otxrip st 315° truo, and (d) the
floating ice-island, T-3 (Fletcher's Ialand).

Bogearch Fagllities - Scientific, technological, and labor suppart for
Arctic research is nrovided bty ARL.., The Laboratory is located about
four miles north of Barrow, Alssks, and about six sfles south of Pt,
Barrow

The principal rcle of ARL 18 to provide sll facilities snd services for
research in sciontific fields related to ths Arotic envircnment, This

includes both support of laborstsry otudiss por 6o end logistic servioces
to field parties.

At ssa, ARL operates ono xajor drifting ressarch atations Fletchar's Ioe
lalsnd, or 7-3. On the island are emplaced sexi-pormanont, well-equipped
laboratory end housing facilities, and eii airstrip, upon which landings
ray b oeds year-arcund, weatdsr permitting. Ths statioen ie memned -
continucualy, o . .

- This Southern Califomia sits offers a large variety of
oceanographic conditiops, facilities, and favoreble weatbar cocditions
for e7aluating the sizborna (end spacsborns) remots ssusore.

The calibraticn site encozpasses an exteidsd oron which includes
locaticns for site calibretion offorts. The calibration arcas thet are
included tn this site ares

extanding
parellel to the cosstline froz the Naval Kleutronics Laboretory Tower off
Misaion Beath to ths Serippe Beach area north of Pt. LeJolla, This inclules
both shallow exd fairly deep vatsrs, Tho following exparimsntal aress are
appliosblo to this areas o ’




1, Surfece Temperature Messurement

2, Location and Mapping of Longshore Currents

1, Shoreline and Besch Studies

4. Bottom Detection by Wave Refrsction and Color Tones
5. Laser Altimetry Calibration

b, An area which is mome 30-100 miles off-shere, lying east of
Sen Clemente Island and south of Santa Cataline Island. This area is
suitable study in the following amas:

1. Swrface Temparature Meesurement Involving the Japen Current
2. Biological Stuiies

The off-shore waters and coastal beaches of this area have bsen the object
of intensive resesarch for fifty years, The 3cripps Institution maintains
continuous observations of msny types, including tides, vater temperatures,
salinity, and weather, and has the capscity to undertake comprehensive
inshore and besach surveys when desirable.

The site is optimmmly situated to provide the maximum control (ground
truth) in oceanographic and littoral processes. The large scale features,
as coastal embayments and a headland such as Pt, LaJolla might provide
readily identifiable landmarks at orbital altitudes,

The Soripps area site offers a large number of facilities for the
soquisition of ground truth data, including the Oceanogrephic Data
Archive (epproximately 500,000 BT observations), a 1000' x 20' pier, a
nusber of research vessels, and smaller bosta,

Some of the significant data available at this site are ihe following:

Scripms Pleg

Tidal variations
Teuperature
surface
bottom /
bathythermograph ~
dual-vavelength IR radiomstry (3.5 - 4.5 mierons; 2.0 - 2.4
microns)
Selinity
surface
ih::m
Alr ture
Wet and dry bulb thermomster readings
Maximum and minimum teaperature readings
Wind velocity and
Multiple bathythermogreph readings
- Contirmous weve recording for short pericds of time
Inshore bathemetry snd beach surveys

W—" m
Wind Jdirection and velocity
Vater temperature
surface
bottom
bathythermograph
HYater acoustical properties
Tide measurements

For the deeper water arsas off San Clsmente, ths rsweerch vessel facilities
era evesplified by the Ellen B. Scripps. Some of the equipment onborrd for
ground truth measurements include:

Y tech, STD

8-1 micror radiometer on prow of boat
Siogle element towed thermistor
Anemometer

Physchrometer
Ship-air communications (4415.8 ke)
Site Bequirements
Argus Islacd Site

Sea_State Messurement - The primary surface measurements reguired for sea state
wmoasuremsnt are wave height and tidal range measurements, wind speed and direc-
tion, surface photography and surface currest flowv.

The wave height and tidal range measursmsats at the surface can be satisfactorily

made by instruments available at the site with the possible exception of a maall

redar to perform scatterometry measurements, albeit at low gasing anglea,

The Navy bost (MAC III), manned by technicians, is availsble to obtaia data
over any greater area or deeper waters near the site; it is noted thet a ahip-
bou'd\.nthboudhhhmuhummuyofnbom‘.gsinchu;
the mothod of edeguutely recording data from this mobile installation nsads
further determiuation. d

The acemometer inctallation at the Tcwer is sufficient for wind and direction

- measurement. In anticipation of future requests by irvestigstors for a more

extansive gathering of local wind data, several secondary sources of meteoro-
logical data can be made availabls. Pirst, data from the weather station at
Kinley AFB can be obtained despite the relatively long distance from Argus .
(approximstely 40 miles). Second, s shipboard mount on the MAC III can be
used to make measurementsa about the Island; this requires procurssent of a
portable saemometer for shipboard use. Third, a sparse array of mocred,
telesstering buoys could perform such measurement at, say, three to five
different locations ebout the site waters with recording completed at the Tower.
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Some form of surface-based photography is possible to correlate with the
airborne sensors. A 35mm motion or emall, hand-held framing camera, vhile
deemed to have a medium significance factor in this calibration, could
provide imagery to supplement the visual observations expected to be recorded
in the surface logbook which should be maintained throughout the calibratlon
effort.

The measurement of surface current flow is included, primarily becsuse of
its availability at the site, but its value to the sea-state calibration

remains to be clearly determined. £

Surface Temperature Measurements - Argus Island offers some useful surface
temperature distributions for calibration and evaluation for scme of The
remote sensors considered by the Project. Surface measurement requiremeats
include reflectivity and emissivity, wvind speed and direction measurements,
surface temperature, current speed and direction, air tewperature and ralative
humidity measurewents. '

The surface calibratior measurements emphasize obtaining atmospheric conditions.
Mr temperature and humidity measurements at low level can be adequately handled
by the equipment installed at the Tower; this can be supplemented by data taken
by the weather station at Kinley AFB, scme 40 siles sway. In addition, a
hygrometer is available onboard the NASA P3A which, by making level runs at
various fixed altitudes supplies vertical distribution data or air temperatwrs,
water vapor and liquid moisture content. The Manned Spacecraft Center at

Houston (per L. Childs/H. Toy) may be able to offer the use of radiosondes Zos

dropped from ths P2A. Two types are being investigated: (a) a small radiosonde

which provides temperature profiles by telemetry to the aircraft and (b) a larger a.

radiosonde which telameters both temperature and pressure during descsnt and
after surface contact releases a thermistor giving water temperature data that
is telemetered to the aircraft; the latter offer considerable more needed data,

and is preferred.
A significant calibration measurement that is extremely complex is that of

emissivity/reflectivity of the perturbed ocean surfaces, as it applies to both ‘,; ;

the remote sensing infrared and passive microwave equipments. The smooth surface
case which can be wore easily handled is not too informative., For this reason,
a broad band IR radiometer with appropriate filters mounted on the Tower is
suggested as a useful plece of surface equipment which may de utilized. An

equivalent Tower mount of a passive microwave radiometer should be noted that _

at the short ranges involved, the errors introduced by slide-lobes may be
extremely troublesome in data interpretation.

An interesting surface technique for helping evaluate passive microwave equip-
ments would utilize some floating reflector sheeots on relatively smooth water.
The metal reflector with its microwave emissivity close to zero sssentially
masks any thermal contribution beneath it and the observed ancmaly may serve

as a cold landmark calibration reference during overflight. At 1000-foot
altitudes, the airborne passive microwave te can resolve less than a
17-foot patch. This technique does not lend itself to source depth measurement
because of the small penetratior, at the X and K bands {nvolved.

such data are indicated, It 1s noted thatair-sea intersction inves-

t speeds, eto., which are amen
to o‘nd buoy mounts heving distributions vhich' lllu’ a mlilmln:ﬂp-
_tlend ]::h;:?inmn;n:m the A:‘u.ulth is sufficiently small, the
B m,n:“-a.qond. @ bucys may be an important

mmpwamm-wmau it reccamended
is
mtmmtmwtplnlfer'm-nth‘ﬂnPubdrop

rediosondes as previously mentionsd be continued,

-t it R

i i i A RN 490 5
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Since loe thiocknesses vary considsrably during the entirs year, the

w11 weather” oapability sensors cen be effectively evaluated during all
four seasons. On the other hand, because of the extansive fog conditlons
uuenmmumummm, airborne remote sensors

as photographic, infraved, laser will bs denied effective operation during

this season.

Arctic operations pose a severs iimitation on surface equipment require-
mente because of logistics and extreme oold effects on components, For
this reason, all surface equipnsnts/techniques used for this calibretion
effotrt are primarily at Point Barrow, With some possitle assistance from
gathering higher-level meteorological data from the NASA P3A via hygroneter
and the currently-planned radioscnde drope, & weather vane implant is also
in area (b) above.

The off-shore areas, (b) and (c) above, offer a relatively simple

means of performing mapping of ioce movements, A large mumber of tlack,
empty oil drums can be made available by the Arctic Ressarch Laboratory
(ARL~Under OMR Contract) for this purpose. These drums can be droppsd
from the ARL aircraft, on almost stra t-line references along the

045 and 315 degree coursea from 30 o miles from the Polnt, These
lines of drop will be approximately cular to current flow for
these floating-ice waters, Experience (per Max Brewer, Director of ARL)
indicates that such markers have proven to be among the most effective
for photographic or visual sensing at remote distances. Drops less

distortion with time will relate to the ice movemsnts in these areas,
Erphasis is placed on the airborne panoramic camera(s) which should
reveal ice movements (normal to the drop 1ine) of 50-80 miles, under
relatively clear atmospherio conditicns, Stero photogrephy also provides
{information on vertical displacement.

Therpal Mepping snd Surface Interfaces - These investigations can be
performed over two of the four arees used for 1co-papping/thickness msasure-
mente, using the immediate vioinity of Pt. Barrow, end the cccupied ice -

. 4slaed, T-3,

mummmcuofoprwwmuwm commmications and
homing beacons for oontrol/nsvigation, In addition, NASA plans for
dropping radiosondes might be modifisd to include telsmetering temperature

mthtumudroppdmtoium-mhuowhwor
ture references for calibratlon,

be
nymn-nrmotrmuum-; this instrument csn also asasure
1iquid watsr content.
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ths

Diego Trough (approximately 6000 feet sscond terest
lies scutheast of San Clemente Island nnd);mt?\ﬂu m:r:t:‘;n‘:bmt
50-60 milos off-shore where Japen currents come in from the north
cr:-t.ing eddy distributions that offer scme realistic temperature
:’::m for adequate tsesting of spatial/temperature resolution of the
mrz“m-m . m&mk vessel facilities for obtaining ground
(st0). ava. from the Scrippe Institution of Oceanography

are to be axpanded about these local points umber small
crm-.ﬂ. (on the Pler) can be utilised u!n’:u l’h:n:-h.n ;‘f pomb:tor
n:o::, psychrometer, anemomster or shipboard wave staff with a
:m‘ psagh :oohiohnl. A dual-wavelength radiometer is aizo available
ik hmw or making temperature gradient measuremsnts at the surface
r requires a pevw detector system to improve its semsitivity, i

The off-shore area southsast of San Clemente requires
The SI0 reseerch vessel, such the a ship operatian,
provide surface m“u‘v.:u. as Ellen B, Scripps, can satisfactorily

This

Location and Mapping of longshore Curpents - calibrati

be t:ihhbpodm:.t?;nura:ln -wumml:m.:nmm

Beach ersa, extand three es off the shoreline., This area

easily acocesible to instrumentation n )
sspecially for current

vhich is the most critical mzmum' invelved in the Mumt

Surface equipments, for surface requiremsnts, i.e., curven cking,
.0, t tra
ssa ‘emperature profiles, air temperature p'n;ﬂ.ho: relative hnuut; and
mvﬂ.ndt”oduddlmm, mmlhbhwihlmlnnwo;
ratory end Seripps. Institute of Ocesnography. It is noted, however,

acouracy
at the site, . Dye marking offers semi-quantitative
mmmmmmwmﬂdmu::' J.Cdmm(m.)
jeot to soms improvemsat in acouwracy; the crossed vanes pressat an alaocst
mifors dreg surface regardlsss of current direction, Motlion with the
mmemhm-em.mwmwmmmm
water 1line, and observing the displacement with time, providing wind
sffacts are minimised in the flotation design. 3elsction of “his or olber

B ————




available current-measuring techniques, 1.,e., Bulerian current meter,
Roberts meter, hot-vire snemometer, stc., or & new development may
have to be considered for this particular problem.

W - The shoreline utilized for this investigation
runs ssion Bay Split to the south up to the Torrey Pines-Del
Mar Area. This provides a variety of coastline features of long, straight
beaches, small pocket beaches, rooky coastlines and cliff structures.

Surface requirements for shoreline and beach studies include sample

snalysis (send, rock, vegetation), vater content of besch sande and rock
units, sea state measurements, surface temperature mapping, offshore current
measurements, and meteorological data. These requirements are adequately
provided for by existing facilities at the Scripps Institute of Oceanography.

wmmmmmﬂ - This zalibration
of fort can be suitably performed in the Scrippe area over a longshore
strip from the NEL Tower on the south to the Scripps Pier area on the
north, extending off-shore some one %o three miles, This teach area
provides both shallow and deep waters in a relatively swall area which
is convenlently accessitle to surface facilities and personnel.

Among the various surface measurement requirements for this investigation,
the need for bottom contour data and optical-transparency of the sea water

is paramount for this investigation., In view of the ongoing extensive
efforts ty such organizations as NEL, SIO, and the U.S. Coast and

Geodetic Survey, the bottom contour problem is minimal. To *supplement

or verify the data whigh is alresdy avallable, a portable meter-wheel
fathometer, sonar depth finder, or pressure gauge (Bourdon, Vibratron)

can be manned from one of the boats available to make spot check measuremeris,

Undervater photometers and equipment necessary for the measurement of
soa wvater transparency are availabtle,

Equipment at the NEL Tower and Seripps Pler are adequate for eollecting
meteorological data during overflight periods. This can be supplemented
for higher-altitude data by the P3A hygrometer and contemplated radiosonde
drops from the NASA aircraft, or data procurabla from North Island/Lindberg
Alrport Weather Stations,

Wm - Calibration data related to remote sensing of

biclogi pmmum&dm.mhmt handled by a research vessel
operation. The desired biological are not generally available close
um-m.mmpurnmoumuunw-cms«zw. site,
Surface ship calibration efforts can be conducted in waters some 30-100

miles off-shore in the vicinity of the Senta Catalira-San Clemente Islands
vhich offer considersble varieties of biological species, i.e., fish,
plankton, eto.
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Biological surface measurement ture

requirements include site tempera
measurements, transparency/luminescence uau' mu influx
or sky na.w;, ud\-luooﬁu lnm::-,? . trace

determina
by tions, chlorophyll concentrations, and population dmﬁm

Most surface msasurement requiremen evailable
ts
instrumentation on the Seripps mmm:.“ o;. o g

Seripps” except for a photomete: tain y Lninuon’
Seripia emept r used for obtaining transparency, o
- » !:gh be ottained from 8I0 facilities under thvith -

%ﬁtmw surface calibrat remen’
3'.5.-{:7 aﬁbnucn, g:."::ﬁ::mbnm i g nnu::“‘ &
and accuracy calitration. The Seripps Beach P i s

area presen adequa
range of wave hsights, period and direction approach, iy d 5

Cetobe:
= mrmimlw bra::t:uh;o of about 5 feet are indicated
or more for short periods of time, gl  Bgdarn

Critical arees in the calibration of
:r the u:b’ lu:-t“ i~ y .
ace by the light beam with
IPP!':::I&: {order of feet) depth beneath g m:ownd”](.h_mmtm W
t result from f : . ——

rang: 1ight
vidths of 104 to 10~5 ndi:: v&n::nmm::uum T

the laser technique as applied to
in the technique due to psmetration

Absolute range calibration can ground sontal
be performed on t
2::&. qni'::: ::rpt reflectors whose distances :nt be -:::-:::: ::ﬁ
minmltnm' bothrﬂmnthoprojochdtortbhlc(()l-oz;n
penetrable surfaces. Having established the ru;in( n;our:;;)
ing the

bymmduou,mmw—nmth‘v‘umh us
v
atmospheric paths and platform Instabilities. *

aircraft platform at various altitudes, to examine the effects

A vooden’ pi.ﬂ.’ou expos 6
:#:num data on mm‘ “'p:r(eeueou-xngs el "’e?é"‘ uour b;:dm e o8
= o:;.io:rdﬁtm step heights require accurate msasurement t:m—glu :.n
The ariiien ficulty is in precise navigation over saoh a -nthrp.zs %
tpproxizately 30 ty 20 fest, for the pilot at & suggested altitule %
- &tbmrhnth. the conspicuous, white beaded-urethans painted “Mlm
oo r:qui.x-od @vound treck is parallsl to the shoreline coarse
navigation guids 18 coveniently provided. By adding < anher o
s along the desired track through the target, the desired
prec can be obtained, especially after a few pusses alded
tion from grownd cbservers, If possible,
mmmumwmdnhnuxpﬂtmtuﬂh this problem. The owversll
ique has been favorably checked with several pilots

2
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A floating flat top bargs (20 x 20") can provide a non-penetrable target C i8. Saa Ice Distribution Y
vhose —11 height (one foot) is accurately known above the penstrabls vater. ! 19. Sea Ice Taickness s
Comparison of the altimetry data taken just bafore, during, and immediately ¥ 20. Sea Ice Temperature Sc-s_.umm
mewm-wm«uuummwu ; 21. Detail Ses Ice Topography/Mater
altimetry over edjoining ses surfaces. Calm waters offer the least introduc- £ Featires H
tion of error in this measurement; the problem of foamy, aersted surfaces is Sometime
questicnable for the propossd Lechaique. EQUIPENT REQUIRED AND USED
For stability calibrations the use of the wooden steps previously mentioned can s As in the previous sectlon, this listing is general
be utilized to make some determiration of short-period lnstebility ( .12 second , ok o any, Aol Ammots utm"{“&gﬂ“.;:ﬂmme;g%
at 150 knot ground speed). By mounting a vide sngle camera (tilted down) abovs : experiment. Inoofar as the use of ships and o "‘1“-“:. i
the step structure, a time exposure, should provide a track of the diffussly . requirement is for greater use specifically for resots sensor experizents.
reflectod beam as it moves acrcss the etep structure. Appropriate filtering s Except for a few cases, this has not been possible up to now because of
on the camera should allow the laser track emicsion to stand out agalnat the the long lead-time required to program for ship time and the basie lsck of
background (moonlight reflection, bescon sources used for goddance, sto.). funds to pay for this time and furnish the staff to obtain the required
The proposed messurement is limited tc a fov samples of ehort-term beam observations,
deviations, but is sasily implesented. E >
Susmerised below are generalized measurements and equipments necessary for REQUIRGD USED
ground truth requiremeats at the oceanographic ecalibration and overflight 5 1. Bucket thermometera/thermistors Yes
: 2. Vater samplers Yes
3. Surface saiinogrsph No
1 4. Expendable BT No
. o 5. IRT/ART Yea/No
Ths following lists those oceanographic variables which are measured it the z 6. Wave staff Yeos
surface to properly aseess the feasibility of remote sensing for oceanography. 7. Current meters Yes
Not all measursments are required for every experiment. Those measur wents 8, Met. Instruments (ai:- temp, wind
being made generally apply to the calibretion site; the surface data for 3 speed/direction, humidity, ete.) Yee
overflight sites depends on the type of surface or near-gurface platform employed. Eal 9. Dropsondes or radicsondes Ho
; 10. Transmissometar Xo
QCEAN VARIABLES HADE : 1. Photo aystems %o
Bl ) 12. Buoys (moored, free floating, arctic) Rarely
1. Sea Surfece lemperstureo Tes 3 13, Ships Scastings
2. Surfsce Salinity Tes sl 14. Saall boats Zometimes
3. MVave Hedght/Direction Yes = 15. PIR Yo
4. Curreat Spad(l/bir-euoa) ;“ P 3‘7’ iIlicro-vo (19 GHz, 6 GHs, ete.) Ko
5. Water Depth (Shoal area 83 3 « Ice meazuring equipmont Partially
6. Mater Clarity/Color Yes ¢ ; 18, Sonar Yo
7. WVater SPlu (Sediments/Biologlcal 2 S 19. Surface to air communications Sonetines
content @8 0,
8. Alr Tempersture Yoo ;
9. Wind speed/direction Yea
10. Cloud cover Tos ! i
11, Meisture in Air Column Somstimes . Comment - Some of the concepts dorivad thro the geological phase of the °
12. Percent Foan/Spray Ho > progran do not lend wall to "ocean" truth. "calibration site" concapt,
13. Reflectivity/Balssivity o 3 for exampls, doss not epply. For, although permsnently located and well in-
14. Thermometric Tesperaturs Bo f strumented, the fact that the ocean i¢ dynamic and variable weskons the resson
: 15, Solar radistion Teo ; for having a spacial static aite where long term observations are obtained to
16. IR Measurementa Tes understand” the area. It is also difficult, if not impossible, to eelect a
17. Detection end Descripticn Fish Schoocls Yee 13 parmanent site and wait for all the cosan variables of interset to como by.

Recommendation - That specific sites not be designated, but thet, withia
alroraft range constraints, teat sites be selected vhars "the sotion 1s.7




1%
For example, in order to get desired wave conditions it eppears necessary
to select & pariod vhen the probability for the conditions 1s highs thes
mmuumwlmmuouuwmmumu

Comment, - Attempting to forscast he event of an ocean variabie six moaths
in e 18 a very costly exercise, Waiting until the probability of the
Mu.aboprdleudmoucmtdymmmehnudm.

Becopmoedation - That greater flexibdlity be allowed in scheduling the aircraft
for ocean sensing, particularly wvaves. Some phases, such as river efflusnt
studies, bathythemetric studies, sea ice, ote., may coctinue to be scheduled
well i{n advance.

Comment - The range limitations of the Convair 240 minimize its usefulness
a8 an oceanographic data collector.

Recommendation - Except for coastsl experiments, the P-3 be schedulad for ocean
work. The increased range and duration will permit greater opportunity for
acquiring data on mogt ocean variables.

Comment -~ In most cases, engineering factors in remote sensing far exceed the
oceanographers ability to use the instruments. Most vosan investigators are
Just beginning to define the problem and develop an experiment prograa for a
solutioan.

Recommendatdo - That haste in requiring quick results and answers from the

oc may not be in order. More comsunications between investigators
and those obtaining the data will lead to mutual uodirstanding of requirements,
problems, ete., eshancing chance for success.

m-lmmafuuunmnhmm-hmuonfw those
resources (people, ships, instrumenta) which will permit programming experiments
specifically for SPOC,

Becommendaticn - Funding for tris purpose be provided.

Comment ~ The staggering number of test sites and investigators in the Barth
Resources Survey Program deters effective aircraft echeduling for ocean experi-
maats.

Becommendarion - Coneideration be to obtaining en aircraft especially
for w. and/or nucr::mudmmu sircraft, and/or
make available Sensors for temporary or permsnent installation on other
aircraft such as ASVEPS

Comment, - Some sensor technigues being developed (VISP aystem for emsmple)
rqdnmuu,mutm-whmmnddbhnu,wﬂ
aircraft,

%
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w-ﬁommdkfwuf&wuuum
vhere warranted.

m-hufcrhh'l-humnymmmumwtmtm
Cravers. Proqu.nﬂ,y,ttmtdw-,oquntuohhmmw
mr-uunt;m.-.muuqmuumormwwqmnw
required by the iuvestigator, Often, massive amounts of data do more thun
rmmnnmﬂ«ru.m;wq-yutumum«m
effective avalysis. Thewe statements pertain to surface as well as aircraft
and orbital dsta.

Becommendation - The specifications of the investigator should be understood
and ciloesly adhered to in acquiring aircraft, space and ocean truth data.
On the other hand, Invsstigators must be required to define in better terms
their enviromnmeatal and sensor data requirements, and then msintain communi-
cations with the data collectors and even participate actively in the data
collection procees.

Comment - A wealth of ocean truth sites (platforms) are available through
existing oceanographic programs. This generally entails going where the
ships (platforms) are at the proper time, since it usually has not been
poseible to progrem ship time specifically for SPOC projects. Some of these
platforms include the survey ships of DCF, ESSA, Coast Guard, Havy, ¥Woods
Rola Institute, m.uv-uumc«nowuaz ’
and the Ocean Station Vessels. Resources (money and people) are required
to implement a successful ocean truth program,

Bacommendation - Funding be provided for ship time personnel and special
instrumentation for ships (wicrowave, IR, etc.).

bility include extensive testing of basically idectical sensors aboard
airborne platforms. This tesiing provides experience with results of air-
borne sensors to establish a comparative base for analysis of test results
from sp af t-borae ip in the later time frame.

It will be useful to correlate results of sivltanecus operations of both
types of platforms to determine the comparative utility of spacecraft-borne
instruments, especially during thowe experiments where the physicel pheccmens
of the ssa vary markedly with time. For this reascn plans for simultanecus
umnmmmwuwwtm"wummm

.spcracraft overflight iaformation becomes available.

m-mummmuuuumw gathered at the time
of the spacecraft overflight, m&itmbmhm,w

Mruu,wmuwmwmam
fentures, 4 .

bo_nhdonﬁmldmﬁmhrp“\ohmtwunhuu
of the spascecraft data, l&nﬁndnotudduuhuummu‘

W.umemzwmmumumum
the initial covurage of thess ersse. J
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Farticular arsaa of the Gulf of Mexico are of spscial oceanographic interest.
The Yucatan Current and Gulf Loop and areas of upwelling north of Yucatan
Peninsula are significant ocecanographic features. Large thermal gradients
should be associsted with theae phencmena. Alrcraft missions over areas
such as this with concurrent ground truth acquisitidn will contribute to
understanding oceanographic phenomena in the Gulf of Mexico which has been
designated as an erea of interest for the AAP-1A Miegion. It is perhaps

not presature to explore the feasibility or concept of designating the Gulf
of Mexico as the "NASA Acre.” This concept would utilize the Culf of Mexico
as the spacecraft test site and use the many resources for a surface obser-
vational network. The idea has merit and should be considered, although
some scean features (ice, high sea state) will still requirs observations
outside the area.

The Spacecraf't Oceanography Project has selected five basic oceanographic
experimental areas for the AAP-1A Miesion contiagent on the availability of
the primary instrumentation identified in Tables 2-6, These are:

a. Food from the See

b. Ocean Dynsmics

c. Coastal Features

d. Euvironmental Prediction
e. Selected Photograpay

The above areas are further delineated in specific experiments as shown
in Tables 2-6.

The geographical experimental areas wvere selected bared on oceanographic
pbecomona and the availability of surface or near surface platforms during
tha proposed period of the AAP-1A Mission. The platforms will include
ships, aircraft, and/or towers as identified in Tablea 2-6. These axper-
{mental areas are outlined in Figure 2. The larger areas will be narrowved
in coverage vhen the exact times of spacecraf covarage are incwm to
eoincide with the planned posltions of the shipe operating in the area.

It 1s anticipated that missile tracking vessels possessing some ground
truth capabilities will be utilized as sdditional sources of data collecticn

systems during orbital missions.

Photographic areas will not necesserily have ground truth but cover areas
Wil possess featurss of oceanographic interost.

A surface observational progrem will be developed when details of the
epacocraft instruments snd orbit parametsrs are detsimiced.
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OCEANOGRAPHIC FEATURES
- 1 FOOD-FROM-THE-SEA

6 MULTE MICRO- | )nFRARED| DAY- EXPERI- SURFACE  USEROR OBSERVA-
k!
j METRC | anD | MPRARED| WAVE | gap, | wiGHr | ment DATA  ANALYSIS TIONAL 4
i CAMERA | CAMERA RADL | omerer | CAMERA | AREA SOURCE  GROUP  REG ¥
: OMETERS
FISH SCHOO. . 5 GULF OF BOWERS,
S UNG ® » s MEXICO  GERONIMO ce L
& "
5 THERMAL DATA | Y 3 » GULF STREAM DELAWARER  BCF 3
ALBATROSS I¥
AGORIY, WI
ﬁ ASWEPS A/C
FLORIDA OREGON
STRAITS
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€SSA OREGONTI
[GARBADOS)
JONNS
BOLUMINESCENCE s s s » MONTEGO HCPKINS/  NAVY o
say NAVY

* P = PHMARY REQUIREMENT $ = SECONDARY REQUIREMENT
* OPERATE PRURARY AND SECONDARY SENSORS - 3 MINUTES OVER TEST SITE

OCEANOGRAPHIC FEATURES (CONT)
OCEAN DYNAMICS

MICRO.
6 | muine | pacas | MICRO. [INFRARED | WAVE | IMAG. _znnv-..o EXPERL SURFACE USER Ok OBSERVA.
memic | BAND | SCATTER-| WAVE | sCAnner] RACH | NG o DATA ANALYSIS  TIOWAL
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STRAITS

** OPERATE PRIMARY AND SECONDARY SENSORS 3 MINUTES OVER TEST SITE
ve 7E SERES DATA DESIRED ViA SUSSEQUENT ORSITS
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OCEANOGRAPHIC FEATURES (CONT)
COASTAL FEATURES

MICRO.
o | mutn [inrranen |ineasen| wave |'NFRARED] o,y EXPERL SURFACE user M-a o.-:!r
mermc | sano IsPecTom | scanner | RADE RAD-  § \out MENT DATA ANAL - .o:»p..o
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- eoe TIAE SERIES DATA DESIRED VIA SUSSEQUENT ORBITS

OCEANOGRAPHIC FEATURES (CONT)
ENVIRONMENTAL PREDICTION
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DATA
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Growmd Truth Working Session
Dr. R. J. P. Iyon

A conference on ground measurements for the instrument and geologic
vas held on the Romo campus of the University of Nevada

March 14-15, 1966, This was an attempt to establish certain test

requiremonts bafore the field summar season cammenced at Somora Pass,

NIGHT
14

Since that time attempts have been made by Stanford and by the Undver-
sity of Nevada to implement many of these measurements, particularly
those dealing with the atmosphers., We have delegated the responsibility
to the Nevada group to provide most of the ground truth measurements

RADS
OMETER | CAMERA

INFRARED§ DAY.

for the P3A IR spect: ter/rediosster experiment when this experiment
has been used in the airborme modm, At test sites other than Sonora

Stanford m themselves,

INFRARED
SCANNER

In a recent study effort at ¥oods Hole considersble time was spent
delineating tho baaic problems in remote sensing for geology, sod
mothods by which these could best be solved in & ressarch and development

» CLOUD PATTERNS

INF

effort, Figure 1 is taken from this report and indioates that considerabls
effort should be devoted to the understanding of the geology of the
outermost surface (or "optical depth®, “skin depth", or "depth to opacity”).
It is this surfece skin layer which ultimately detsrmines the response

!

GER

of the rocks to the rsmote sensors, Detailed atudy of Figure 1 iudicates
that the paximmm w“fort should be davoted to the surficlal gesology, with
only minor effort devoted to classical gealogical mapping. A sisilar
ninimm effort only shouid be devoted to the development of new remote

MULTE | MICRO.

ssnsing hardware, Over 80% of the total BaD effort is recomssnded be plsced
in

6

METC | BAND | wave

CAMERA | CAMERA

In order to relste these concepts to the operstional sspscis of the P3A

airoraft, Pigure 2 has been drewn. In this flow disgrem the rela

between §hnfctd, University of Hevada and the Manned Spacecraft Center MSC)
The

OCEANOGRAPHIC FEATURES (CONCLUDED)

on tha I? spectrometer/radiometer experiment a~e cloerly indicated,
mmmhmumammmmnmamnm
> ressarch snd many move measuremsnts are required,

¢ OPERATE PRIMARY AND SECONDARY SENSCRS £3 MINUTES OVER TEST SITE
“e TINE SERES OATA DESIRED VIA SUSSEQUENT ORBITS
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the top left-hand corner of Figure 2 in the hachured area is shown the
ea of responsibility of MSC, for operational use of the eo-bd.ud

ckage (the Rapid Scan momm, the radiometer (or PRT-5), the

resight camers, the aircraft hygrometer, and the aircraft data recording
stem). The next block indicates that the data from such an aircraft
onuon flov through the MS3C formatting computer %o produce bdlocked
gital tapes immediately compatible with the Stanford IBM 360

stem. The boresight and RC8 camera data are sent tc Stanford to

tablish the precise grownd position of ths aircraft at any given time
ecded to 1 10 feet at 2000 feet). These data are used in an intes-
lation program in the Stanford computer to establish the aircraft

sition on an arbitrary ground grid, which ie drawn on a base map

epared from high altitude phoiographs of the locality, taken (hopefully)
o same day, From these two outputs it is possible to

s from the ASQ90 or from the various aircraft clock syctems in use at

o moment) to a portion of the map grid, and hence (through the relation-
ip shown as a vertical line) with the mapping and ground truth parameters
termined by the University of Nevada.

o identification of aircraft location on high altitude photogrephs and
the map grid, as well as the production of the computer reduced aircraft
sctra and all data analysis are the

the lower section in the left~hand and bottom edge of Figure 2, the
sponsibility areas of the Umiversity of Nevada are indicated,

the center of the diagram the attenua’ion of the emitted infrared
iiation by the atmospheric column is measured, by the use of weather
ations and, when used together with the aircraft lygrometer, provids
profils of the water vapor in the airpath between growmd and aireraft for
o computers at Stanford., The field data collection is well in hand but
» alrcraft systems need improvemant, The second hlook (Surface Skin
mpositions) udomdbynuwud -on -ohtm, vegotation
mt and particle size, These gurfac D00 are then related
hrough the a

123

side with an ,smm;nﬂ specific
s h were t t Mission Briefing
approximately 14 days before the flight. The P3A flight them ocours
. u-mmnuduauuummn
mmdhd&wmmh“uﬂmhh‘

Toe x-ray fluorescence unit ylelds a chemical composition of the rocks
o from wvhich one can determine a "normative” or theoretical mineral oquiuu
2 Both of these analyses are fed into the block labeled

A mmuumtwtmtmmmmm umct
i ths rock type and chemical composition (or at
lsast edequataly represented) .
In the center panel we cee the relationships bstween the W
at }BC and the p responsibilities of 8 ord (unde
and stippled ares chous
3 qor!.-am dulp (mn mu at ltntotd)
< i tioe in an aireraft t;tm m Mﬂd at M3C,
Dmmmmu not in the aircraft although we are
: ; elready installing it for our ground operstions., The ital rediometer

. Dr. Roger Vickers).
detailsd

?e
&

s s v
¥

mwa-mmumuums
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dorived by rock-type analysis by the Univervity of Nevada.'

This ie the program design diagram. At presont fow of tho aycles have
besn completod for Huuon 56 as oonsiderabla porticns of tha dats aro
not yst available, Modal analyses of thin scoticn material have not yet
boen prapared but a nunber of useful chemical compositicns and norzative
analyses have been received. Thess however are peresnteges of theoretieal
mineralsc and not the actunl minsrals ocowrring in tho rook, In addition,
nost of the sarples which have toen 8o far anslyved are not from this
year'es flight lines, This 1s not mecnt as & negative statcment, dut w0
indicate work yet to be done on ggg misscion, We are all in a lsarning
situation with "ground truth”, and vorkl.g ros;meibilities end tasks are
continunlly becoming more clsarly defined,

In ths arsa represented by the contor block called "Atreraft Location® wo

have also had many problems duo to tho melfumotion of tho dorcsight camora.
womnmpomwmuummammmnuuumm

RC8 ocansras which trigger overy five seconds, Thsse camores carty thoir

owm oloocks and it i# posoible with a falr degres of precician® 45 interpolate
speotral start tizes between individua) RC8 framse to losete tha 300 epestrs
which oocur betwesn each RCB photograph, The RC8 cameras were locked in
position to the sircraft frame and were not corrected for drift in order

to have thea record as acocurately as poseible the nedir bensath tho line

of sight of the speotrometer,

Innmryampointahbemdamomh?nuenuamm&
axioms for ground truth operaticns., Thess ars:

a. Ground truth dats are only useful along the aircraft ground ireck,
b, Heather data are only useful at flight tine,

important peromoter to be wessured,
4, oro-mmammmmmumymuwummc
otatiotical ml.ycu of tho data,

that approximately 2-4 vesks uffort vould be

traneforring 1
tmmmemmmmtmmoomm It caa Yo setiented
end prior to accurets growrd lovetion being obialinad

¥ ng!m, 156 xte, 'JOOMIM. mdspmwu 1
radiang, or 10 feot at 2000' o A/C ezsar 19 50 fost in the 150°meea” T
mm-mwmm:&omz/m

.', B i e o S Y e e D
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Wa sunt more fully understand the » how
mmmm%m ae shown on
nap) interaot in ths surfic sxin o @nd
botusen the aireraft modifies thess o . He
offaota of the siroraft data systcs and hov final cutput from ths
furthor ohanges tho dats, After "suscess” io the right relationchip
t

ground peagurement systea, It is alroady feirly cisar that oven msssurcment

of uater vapor content botween an siroreft and the ground 18 sn sxtremely

difficult and quito sophisticated mtnoml:giul exporimont, not yet :
performad by moteorolagists with a Gegroe looal end temporel procivion

requosted by thic experiment,
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APPENDIX

Somputer Apslysie of Ground Iruth Dals

Analysis of Stanford 1965 meteorological data has been made by cross
correlation usthods, Several attempts have been made previoualy to
search for meaningful pattems in our 1700 sets of ground truth dats,
vhich would relate directly to the results of the infrared spectral
matohing process. One such report appesared in our first sami-annuml
report a year ago (May 10, 1966, p. 15) and another wvas summarised
in the First Annual Report (November 1, 1966) on page 4 and in detail
on pages 54-56 of that report. At the latter time we felt that we
ocould see po effect on the outocme of tha spegtral matohing process
¥hich would be directly related to meteorclosical ocopditions present
at the time the speotra were taken.

Intuitively, this seems to be the wrong owmclusion, and so we have
made a further, more detailed analysis of these field data, One
anover to which we attribute some oredence is that the speotra are
themselves 0 noisy, dus to the miorophonic ocondition of the Cuile
detector (See SRSL Tech Report 67-3) that any further perturbations
introduced by "noiss" in the weather varisbles cannot be seen., In
this manner one oen truthfully say that,..."the use of'h....‘;umx?...
variables did not lead to a signifiocantly better oclassification into
rook types." (1st Annual Repert, p. 4)

The present study wes to all intents and purposes a "shot-gun" spproach,
We collected all the available dsta and found we bad 2 groups.

Oroup I Those with data for 17 wariables (274 samples)

Group II Those with data for 23 variables (252 esmples)

A oross correlation progrem was rum in the computer with these groups
of data and a triangular coeffiolent metrix prepared for eash group
(pages A3 and A4). Suitable stippled patterns indicate the 0,25, 0.4,
and 0.6 coeffiolent levels, No confidensce level was run by

1227

this program 5o we are not sure which numbers are significant at the
9%% level,for example. A quick glance will show that for 250 samples
of 1/ or 23 variubles cach,the stippled levels are conservative.

© Of more significance fg the analysis following in Tables X A & B,
where we Fave tricd Lo scgregate relutionships which have obvious
character (ever redundue-y In sume casez) from those which might have
experimental sigiiicen =, Many associations can be explained by the
temporal pultern of duily or yearly activity (geographical locations
or altitudes for exurpie) as we moved from test site to test site.

Segquence of Test Sites - 1965 Fleld Perjod

Da: . (Day) Location (Cailfornia) F_titude/S.L.  Rock Type Tape No.
(1964)

8730 (k) Pacifrie Coast (PGLHOL) 30 Granite 1
B/13. (2n) Facific Coast (PGLFC)) 30 Granite 2
8/18  (27) Deaner Pass  (DPGCGL 6829 Granite 2
glen  (265) Mono Lake (MCABOL) 731p Granite 3
9/%G (263)  Mono lake  (MoSCOY) 8680 Rhy. Pumice 3
e (erc) Mono Lake (Mcscus) 8680 Rhy. Pumice k
g/%  (e11) Mono Lake (MCRLOL) 680c ‘Rhy. rlows &
10/1  (e7h) Mone Lake (McNCO1) 6800 Rhy. flows &4
10/ (274) Moo Lake (Mceeot) 7629 Bas. Cinder §
/3 (7€) Mono Lake n:sco); 8680 Rhy. Pumice 6

SC10
W6/ (2 Mono Lake (MCSB01) 64ho. Pum. Beach 6
10/ (287 PMloge Puss TPOFC1) 8500 Granite 7
’ TPLDO1) :
10/15 (268)  Mano Lake . (MCBPOI) 6520 Basalt Cone 8
10/23 (796) © Piagah Crater (FOWRO1,02,03) 2515 Basalt Cone 8,9
10/2k  (297) Piogal Crater imrpm) 2543 Besalt Cone 9,10
FCEROL,02)

10/2y  (298) Pisgah Crater (PCLLL2,13,14)1888 Basalt flows 10
16/26  (29))  Pisgah Crater (PCLL15) 1888 Basalt flows 10
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i The tables A-K which liave been prepared from this analysis are 10. Quartz - modal analysis, prepared by counting 1500 grains in a
3* as follows. Experimentally significant tables are indicated by an asteriak(®). . thin secticn under the microscope, can be considered
A. Llogically explainable by parameter involved to be an approximation of rock type
B. Explainable by relacionships hetween meteorological and rock ; 11. CORRCO - See fcotnote table K, correct answer for that rock type
temperature. : target was used, n.t the highest value
C.* Experimentally significant relationships not immediately ¢ 12, VOIDS - modal analysis ac for quartz. Both Pisgah basalts and
explainable. 5 3 Mono Crater pumice had high void values which may have
D Directly related to the yearly sequence of site chosen for (S acted to cut down "spectral contrast".
field work. < 13. E RAR - average emittance ratio values in LMSC program
Related to daily work pattern at aites. 14, E Var - variance of enittancs ratio ia IMSC program
Related to sequential bresxdown of detector in 8G-k. : 3 15. Wi=d vaiccity - in miles per hour, hand held "venturi" gauge
.* Instrumertal Relationship 16, Range - (n feet, i{f over 1000, taken from maps.

E
F
G
H. Modal Quartz percentage

I. Pmissivity average {X Bar)

J. IMSC correlatlon coefficient (CORRCO)

K. Correlations ranked by value (over 0.24).

e following notes are important to the analysia of tables A-K:
=

2
3

Tape No. - Serially from Tape ). to Tape 10
Day - day of the year, see sequence table above

Tenperatures - all contract, using DIGITEC thermistor probes
Sand) in °C
"8B)
(Wock)
4. Alr Temperature - 6 inches off ground in shade, DIGITEC thermistcr »

5. FKelative Humid!ty - Percentage, Horneywell RH Indicator meter,
type WOllA used with 5 ranges of probes

o

Altitude - taken from topographic maps

7s 3-4 parameters - electronic settings off unit,period in seconds
“{Gain)
. (Period)
{

Bmaggn)

8. Spectrum No. - sequential spectral group along any one tape : 5
9. Lapse Time - time in minutes since last filling of liquid

helium cryogenics (appeared to bte directly

related to noise incroases in the fie'4)
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TABLE X

CORRELATION STUDIES ON 1965 FIELD DATA

A. EICALLY FEXPLAINABLE BY PARAMETER INVOLVED
Simply Explainable Correlation Coefficient
1. Tape No. vs. Day of Year (.90)
2. Sand Temperature vs. BB Temp. (.86)
3. Send Temperaturs Vvs. Rock Temp. (.81)
4. BB Temperature vs. Rock Temp. (.76)
5. Sand Temperature vs. Void % (.34)
6. Rock Temperature vs. Void % (.31)
Not so obviousl: r.lated
1. Sequentisl spec .rur no. vs. lapse time (.43) (showld de
higher but lapse
Time returns often
to rero)
B. EXPLATNABRLE BY RELATIONSHIPS BETWEEN METEORULOGICAL & ROCK
Simply Explainadble TEMPERATURES
1. Air Temperature vs. BB Temp. (.86)
2. Air Temperature Vs. So;\d Temp . (.84)
3. Air Temperature vs. Rock Temp. (.73)
4. Air Temperature vs. Altitude Temp. (- .62)
5. Average Frissivity (£) vs. Vold % {.29)
6. lapse time vs. BB, rock, sir, Temp. (-.17 to -.27)
m._.w__gtlvious}x related
1. BB Tempermture ve. Aititude (- .67
2. Sand Temperature vs. Altitude (- .60)
3. Rock Temperatwe vs. Altitude (- .0)
4. SG-b Gatn vs. Altitude (.32)
5. Air Temperature vs. Day (.27)
6. 3G-4 Bandpsss vs. Altitude (- .32)

[R———
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C. EXPEQIMENTALLY SISNIFICANT RELATIONSHIPS NOT IMMEDIATELY EXPLAINABLE
Correlation Coefficient
1. IMSC Correls-ion Cocfficient vs. Tape No. (-.34) (wny?)
-~ _L. ~ o,
2. SG-4 Cain vs. BB Temperature (.35) (wny not negative?)
3. Aversgs Bmissivity (E) vs. SG-1 Bandpass (-.29)
L. Average Erissivity {E) vs. Voia % (-.29)
§. Quur<z % vs. RN (.28)
6. Quartz % vs. Day of Year (-.39)
7. Aversge Irtssivity (E) vs. Lapse Tire (-.28)
D. U T TNE YRARIV SSQUENCE OF SITeS CHOSEN FOR FIELD WORK
Y. (2. vs. Relative Hurmidity (-.79)
. Tape No. vs. Relative Humidity (-.63)
3. .Tepe No. vs. Alr Teup, (.53)
L, Tape No. vs. BB Texp. (.36)
5. Quartz content ve. lay of Year (-.35)
6. Taps No. vs. Altitule (-.30)
T. Tape No. ve. Sand Temp. . (.29)
¥ . PATTERN AT SITES
1 . Seguential Spectrum No. (.3€) {not clear)
's. May of Year (-.3%)

F.oR T0_STQUENTIAL BREAXTONY OF DETECTOR TN S5k
1. SG-% zain vs. Day of Year

(whereas BT vs. day is (.13) -
2. 3G-L gmin vs. Tape No. (.39)
3. S¢-L gain vs. Sequential Spectrum No. (.36)

Unszertain Why Reiationship bxists

3.

SG-L gain vs, Relative Huxidit
{Dey vs. R 1s -.79) . b
(Dey vs. 3G-% gain is .63)




; . 135
. 13 .
3. (MG COMEIATION CORTPICIRNE (CORRO) .
. certain Relations! Exists orrelation Cosfficient . oo (- %)
2. 80-b Period vs. Dy of Year (-.38) CORRCO vs. Tape Fo ) (o.21)
) 3. 80-4 Period vs. Rel. Mumidity (.n) CoRRCO vs. Duy (- 28)
) coRRCO vs: B . (.18)
. 0. DNETRUMSNTAL RELATIQNBHIPS B CORRCO ve. Quarts (-am
Clsarly Related ‘ ' coRRCO va. Volds (-am
B varience ——
1. 80-4 Bandpsss vs. BB Temp. (.35) {not so clear) : CORRCO V8. 1 Beguence {.16)
2. 60-4 Period va. 80-k Bandpaas (-.00) CORRCO Ve Spactre
3. 80-k Gain vs. 8C-4 Bandpass {-.20)
Clearly related and should be of other sign
1. 80-L Gain vs. BB Temperature (-.13) (vhy negative?)
Unclear but probably should be of other sign
1. B0-k Osin vs. 80-b Bertod ’ (-.o0)
H. MODAL QUARTZ PERCENTAGE ' .
Relationship Found oryel. £L . Resson
. 1. Quarts ve. Day (-.35) Day vs. Tape {.50)
2. Quarts vs. Tape (-.3%)
3. Quarts vs. RR (.28) Day vs. R.H. (..19)
b. Quarts va. B Aversge (-.29) : ,
1. pPassIvITY AvERaAck () ' - C
2 ve. Voids . (.29) . '
"’ £ vs. 80-b Bendpess (-.29) . : i
. £ ve. Tice lapee . . (-.08) - : : ) ' 3
- £ ve. Qarts (-.09) : . j
§ ve. 1MsC coORRCO (=) ' : E : -
£ vs. B vartence (.e3) _ . L ’
£ vs. Pange (-.28) ¥ -
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17
group Xi
(23 variables
CORRELATIONS PAMiED BY VALUES {nciudes LMSC output) ( variables)
Tape number vs. Day s .89 TABLE I
h: T ve. BB Temp g N
Afr T. va. BB Temp .86 .85 PRELIMINARY BASIC REQUIREMENTS AS DEFINED BY
Air T. va. Band Temp .34 B
Sand T. vs. Rock Temp .81 % DR. R, J. P, LYON FOR THE INFRARED TEAM
RH ve. Day -1 &
BB Temp vs.Rock Temp ™% .16 March 14, 1966
Air Temp: Ve. Rock Temp <13 13 s
BB Temp vs. Altitude -.67 -.67
80-4 Gain ve. Day 63 .60 y A. ¥isld Solid or logse Material - Surface Only
Tape No. va. R.M. -.63 -.60
Alr Temp ve. Altitude -.62 -.62 . 1. Roughness using Form Tool-NS and EW profiles, Make profile and
Band lemp ve. Altitude -.60 -.59 ; then record to £ 0.5 mm, by
80-4 Oain ve. R.H. =.53 --k9 S
Tape No. ve. Air Temp W3 Wk : a. 3pray paint (not pemcil).
Bpectrum no. vs. Lapse Time 43 .38 T b. Photo sensitive paper (visicorder rolls) on a sheet of
Rock Tenmp ve. Altituds -.b1 -k < rolled chart paper for late reduction by curve follower
Tape No. va. 80-4 Cein ] 3% v mothods,
Tepe No. ve. BB Temp 3% .36 o, Febric or terture - desoribe, grsy, and also photograph.
Bpectrun No. ve. S0-% Gein % R
80-4 Bandpaes vs. BB Temp T35 .35 ; 2, Surface sumple down to 1 om depth
Quartz ve. Day =35 -3 2 ,
Voids ve. Sand Temp ) .3 H &, If reck, cut 3" x 3" slab and place In cotton in box (mail
8G-4 Period vs. Day ~ 3 -3 to Lyon).
Taps No. vs. CORRCO(*) e (gs Vs 1n b, 1f loose, pour black plastic mold for vertioal sectioning.
5. e AAiisedis » - .30 P ! Send half to Lyon for modal snalysis of polished slab,
-4 Oadn ve. ’ Y Bes o, MNote color, weathering degree, glaclal polish, desert varnish,
B80-4 Bandpass ve. Altitude -3 -3 . oto., in fleld
Voids vn. Rock Temp .3 29 i ”. )
oy | o i - - 3. Photometric baokacattering in fisid
. Tel . .
?5:.'30.5‘::5@:3. ..2 i Produce graph et loast in N-S and E-¥ planes, u.nmu trece
% ve. Voide J is pot available, then position lamp souroe n. and taks readings
rtz ve. R.H. .:g .28 oot o with PR cell at 0, 30, &0, 90, 120, 150, and 180°, (May have 0 be
ve. Lavse Time -.28 done after dark if instrument 1s not adequate.)
Air ve. Day 27 .28 :
80-4 Bandpass va. Rock Temp 27 27 % 4, Emigsivify tox mesasurements in field, Two at each grid point. 3
CORRCO(*) vs. Day -.27 2 (Need values to t 0.05) oy
Sand Temp ve. lapae - 27 -.ﬁ ( t
Tepe No. ve. 80-k period * - 5. Color tos vertical. Twoesach (vith criginal set for Lyen) of: i
n?: Period ve. Altitude -.g -85 . phe ) .
80-4 Bandpass ve. Wind Vel. -.26 -2 a. Xodaohrows II or Kktachrows ’
80-L Bandpass ve. Alr Tewp. 23 25 b, Aero Infrared Ektachrome (CD) :
:::d: ve. Alr Temp .g :: .,
ctral No. ve. R.N. - - .
g e 1 If poseible:
#*CORRCO - Correlation coefficient used was froa the IMSC cutput. The ST . :. ?’ﬂ F] tm ‘=43=o :Q;QM
value used vas that vhich correctly matched the target rock type, for 3; asne = bergo-& n.‘“ »
rock type in the lidrery, and nok necessarily the maximum value of CORRCO. : oo "bw" 145 um“‘ ol ‘u"': e
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ZABLS X (oontd)

6. Molsture - if possible in field (espeoially on flight days)

a, BSurface to 1 ma,
b, Other layer at 1-2 cam depth,
(Acoureoy needed t 5% of amount present)

7. Atacspheric - and mioro - meteorology (especially on flight days).

Vind nloou/ to 1 mph, RH 0,5%, Air temperature (°C) at
11/2uurm\nd(to302 s Barometrio pressure (to 3 0.5
inches), all taksn at a single hno-uwvsth respeat to time

of day in a 24~hour cycle, Repeuted once a week, but speocifically
performed on flight days 12 hours before te 12 hours after flight,
(For golors, use G8A Standard Rock Color Chart.)

B, laboratory L
1. Modal analysis, major minerals - 1500 point cownt, If fine grained, 3 '

use thin seotion(s), if coarser, use a polished slab (+ e thin
section to wntm the ground nase). Bring plece bdaok for viad

TABLE II
AXIOMS FOR GROUND TRUTH
@ GROUND DATA ONLY USEFUL WHERE THE AIRCRAFT ACTUALLY WENT. THIS MAY
LY SIGNIFiCANT FOR NON-{MAGING LINE-TRACE EQUIPMENT LIKE IR SPEC-

TROMETER, RADICGMETER AND MICROWAVE RAD IOMETERS

NECESS\TAVE PCSTFLIGHT GEOLOGY AND SAMPLING. THIS IS PARTICULAR-
BECAUSE OF ITS HIGH ABSORPTION COEFFICIENT AND EFFECT IN THE

c:uu':.io’lduoun sent, 81, Al, lq, Ca, Mg, Po(T),
Fe0 if possible) Ti eto, to £ 5% of emowunt present.
Use 1 1b, specimen, pulverise snd mix .m:wp—
in bottle t Lyon., Oet powder 50 as well as rook 80,

® WATER VAPOR [N TOTAL AIR PATH FOR IR, AND ITS DISTRIBUTION WITH TIME
® LIQUID WATER DROPLET S!ZE AND FREQUENCY IN AIR PATH FOR MICROWAVE

¢ =
polishing, 5 3
! E v
Tdentify: i g &=
. 1% of amount present - quarts, K-spar, plagicolase (with : g z
to ; 5%) pyroxens quboh. onm, nica, glass and ] >
voids, Detersine ! » E 8w >
b, ‘l'oz”otmtmmt-mm,odarm (1dentify i — < 8 <
opaques if practical,) § : a 3 =
o, Pabrio texture, note, preferred orientation of grain pattarn ; 3 i d oz
in soll using: § < S g
(1) )ume-gu.tmwmwwmm N & B 2
e hoat : % : ] o
(2) Actual surface obip (or layer of soil) to z 1 mm depth, S j E e g = 2
2, Chemical analysis (X-ray, spoo, or smission s .). Record as : vt E § -g-
Sibs (=]
® o

@ WEATHER DATA IS ONLY USEFUL AT FLIGHT TIME AND FOR 24 HOURS PRIOR TO
@ WATER CONTENT IS THE SINGLE MOST IMPORTANT PARAMETER TO BE MEASURED

@ GROUND TRUTH DATA ARE ONLY USEFUL IF THEY CAN BE USED

NASA-S-67-7768
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NASA-S-67-7767

5 R & D EFFORT MIX
“ RECOMMENDED FOR REMOTE SENSING IN OmO_,OO<
&
¥ EFFORT IN | EFFORT IN | DATA FROM |
. m LAB FIELD | AEROSPACE
i M CLASSICAL GEOLOGY o 2 = 6
. 4_5935:2 ey
x SURFICIAL GEOLOGY * -2 )
._ INTER-RELATING REMOTE }; -

SENS ING DATA TO 3
SURFICIAL GEOLOGY 2

A, B IMPLIES A TIME-STEP SEQUENCE
* SURFICIAL GEOLOGY = 'OPTICAL DEPTH', 'DEPTH TO OPACITY', 'SKIN DEPTH',
g»..:.»u T0 102

NASA-S-67-7766

STANFORD / U NEVADA / MSC RELATIONSHIP ON

INFRARED SPECTROMETER EXPERIMENT -- P 3A AIRCRAFT
STIPPLED AREAS NEED MUCH MORE ATTENTION

. Lo v o .
i b e i SRR, 5% SR Y

RAPID SCAN MSC :
STANFORD AIRCRAFT
g g COMPUTER SPECTRA
3 msc 4 -
v TvE L] MAP GRID
f SPECIFIC
1 A/C LOCATION
STANFORD

i WC HYGROMETER | i 1
X Jri&it«gx%JVﬁT (Gl s = \ sl 3
T WEATHER [l "1 INAIR PATH_ Y SR T 5?&8
ASUNNS 3 .m.ﬁ. 05, AEROSOLS] <% 5 0 REELER
’ \W.. - ." AN
. OL -l.ﬂ:— o\
-] SURFACE

[ VEGETATION Jme——gd  SKIN

.W GEQLOGY
A INTEGRATED

- ,.wfg.:p.:,_‘ﬁi_,m— gy 5 [

COMPOSITION ggs =33 S| OVERFCV
__.;:E w_NmT B 2 S T s o
U NEV S : : L
BASIC
_ ROCK TYPE “ FIELD ao_n,m_vg
GEOLOGY
M—.NCﬂEZMP MAPPING ._wcwwcmﬂ>nm.
DISTRIBUTION
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For almost two years the Spacecraft Oceancaraphy Project (SPOC)
at Texas AN University hes been studyteg the use of resotely sensed
data from ajrcraft to determine ocesnographic features.in the Hissisaippl
Delts region of the Gulf of Mexico. Past sxperience has schown that

the d truth 1is inad dus to the nonsvailabiliry
v sr prog!

of ressarch ships and other sophisticated imstrument platforms. ALl

the important physical parameters on the sea surface and in the utmes-
phere above should be measured. Recommendations: The Barth Resources *
Survey Progras (ERSP) should lease or purchase additiosai resesrch

shipe. Stepe should be tabsn to secure internmational cooperaticn in

meking surface surveys of test site areas. Porteble iastrument pack-

ages should be mede that may be placed on non-research shipe. ERSP

should standardise the calibration of the seosors being used oo ship

and aircraft.

The Sp ft O grephy Project (SPOC) at Texas AGM University
was initiatad in early 1966 under the Deparcment of Oceanography. Its’
goals are to determine the utility of using remote semsors in studying
the festures of the Gulf of Maxico snd specifically the Mississippi Delta
area from airborne and Barth orbital heights, to develop techniques
vhereby these studias might be conducted, to nominate a group of remote
sensors that have optimum use for oceanography and to design experiments
to be conducted using satellite based sensors. The Department cf Oceano-
graphy at Texas A& University has been interested in tha Gull of Mexico
and its features for some time. The regiom of the outflow of the Missis-
sippi River (the second largest in the world) was salected as a test
site for the Earth Resources Aircraft Survey Progrea due to mauy reasons.
FPirstly, it is an area where large spatial and temporal uruumfo.eeut
in the important parsmeters sessurable by claseical oceanographic tech-
niques. Secoundly, it is neer Texas A&M University and MSC/RASA Houston
vhere the aircraft are based. Lastly, it is an area in which a fair
smount of ciassical ocesmographic resssrch had been conducted in the past.

To date seven flights by MASA aircreft havs been made over the Missis-

oippi Delta, Site #128. Ounly two of these flights have been supported by
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surface ships collecting data, and ia only cmne of thess flights was
the data obtained anywhare nesr the smount and extent to satisfy the
requirements of a ground truth program.

There are several areas of study under SPOC at Texas AdM University
that are not concerned with the Miseissippi Delts test site. One is
a study aimed at correlating cloud pactarns with oceanic featuree in
the Gulf of Maxico. NIMBUS and ESSA deta are being used in these studfes
using ground truth data from the various cruises of Alaminos for ground
truth. Other studies are concerned with the heat and water budgets st

the air-ses interfece and pariphery of the Gulf of Maxico.

s s v §

B
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PURPOSE AND SCOPE OF THIS PAPER

The purpose of this psper ie to present & summary of our past expe-
7iences in gethering ground truth data from sa operstiomal point of
viev ‘n support of the Zarth Resources Aircraft Survey Progrea in ccesno-
graphy. The meterial herein is {ntended to be supplementary in nature.
Bsaring iz mind ovr limited viewpoint as regarde the total Spececraft
Ocesnography project’'s needs, the ? dations snd ined

in this paper apply oanly to our experiences in the Gulf of Mexico and
specifically the Mississippi Delts region. It is not intended to de
a comprehensive survey of ths overall ground truth requirements of
the ¥arth Resources Survey Progrea in ocesnography.




o —— e A

149

GCENERAL REQUIREMENTS OF GROUND TRUTH PROGRAM

The primery requirement for aoy ground truth program is that
eufficiently sccurate measuremente be madu of all the important pers-
waters at the surface and in the subsurface under suudy and of all
other parametevs affecting the readings 0f the various sensors. In
this way one aay be able to show a correlation (positive or nejative)
betwveen what is happeniig or present in the area of interest and what
the remcte sensors sae from above.

Ideally, these determinations should be mede synoptically--all

at the same time. An exception of thie principle could be tskea 1if nono

of the p : ® had changed during the period detween the collection
of remote sensed dats and ground truth data.

In the case of oceanic surveys by remote semsors, only the tamporal
and spatial distribution of surface paremeters such as temperatura,
salinity, roughness (sea state), biological activity, oils, etc. need

be determined. The task of correlating these surface parsmeters to sub-

surface graphic phen 1s given to classical oceanographic urny
It 1s possible that ground truth may he obtained by wsing measure-

wents from remote sensor ‘-yot- that are, or become reliable as the

program develops. The IRT is an example of such a semsor. Another

example is that it 1s possible to obtain ground truth om the roughness

of the sea surface from the sun's glitter patterns ss seen photographic-

ally. Low altitude flights may be able to provide groumd truth for

high altitude messurements.

—~er

B

s |

EXISTING GROUMD TRUTH CAPASILITIES

-~

Under the pressat procedures, gr md truth ia obtained by ships
ot fixed platforme in the Missiseippi Delta. Sinre ocur SPOC project
has no control over the scheduling of ocesanographic ressarch vessels
except the Alaminos (Texas A&M University ocesmographic research veasel)
which is acheduled on a yearly basis in sdvence, it has been difficult

to obtain aimulranso surveys of the test site by airplane and ship.

Due to the fluid nature of tha oceans, g d truth mess
sust be made syooptically or quasi-synoptically with the aircraft measure-
ments or elss their valua 1s lost. This 1s tae woet significant differ-

ence b the requi of a g d truth program suppuiting
ocearographical studies and for ons supporting land studies.

In the past, the problem of coordinsting aircraft flights and
ships cruises plus occasional inclimen’ weather or equipment melfusction
has resulted in a small percentsge of successful ventures.

Waen the Alaminog 4s in the test eite, the following types of data
are collected:

1. Teaperature >f the skia of the ocean's surface is measured
continucusly by a Barnes IAT at a he'p't of epproximately five metars
and recorded om a strip chart. A backup IR? is available in case of
walfunctioa.

2. Total cloud cover is recovded by a time-lapse hemispheric-

(fisheye) camera.
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3. Air tempsrature snd dev-point temp are ded :

continuously at a height of tem meters.

4. Surface vind spesd and direction is obssrved by persomnel on-
bosrd and recorded in a log.

3. Stondard metsorological surface ohseyvations are vecorded in
a lng.

6. The temperaturs of the top layer (subsurfsce) of the water is
sonitored continuously by & 1 th and T ded on a

strip chart.

7. Sea surface salinities are comtinuously messured by & salimity
cell and recordad oun a strip charet.

8. Vaertical distributions of salinity and tempersiurs ave d
by salinity, tempersture and depth devicas (STD's).
9. Additional verticsl distributions of ere cbtained

by bathythersographs (BT's) which are rugged and reliable but mot as

sccurate as the STD'e.

o hic

%TAp h vessels can survey oaly & few lizes in a

fow days so that synopric age t be obtained by the ove ship
elone neither can ome ship satisfacturily survey even am area as s=all

as the Missicsippi Delta regioca. %

T

The other asircraft miseions have been supported feedbly dy small
boets and fixed oil platforms. B

To illustrate the past problam of obtaining ground truth, the
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folloving sumsaries of missivme in the past ere included:

1. July 1966 - Ground truth was collected in a very limited part
of tha test site srea by a cosmercial charter boat, the Playboy, which
had a graduste student on board to cbtain some BT's and bucket-temperature
measurements.

2. Cctober 1966 - Persounel from NIT and the University of devada
were on hand to meke colorimetric and IR temperature messurements of
the Miselecippl i'iver ocutflow. Unfortunstely the aircraft mission vas
rained out sfter only a brief flight.

3. Decewber 1966 - A partislly succeseful aircrafe flight coupled
wiih no ground truth mede this wission of questiomsble valuc.

4. February 1967 - A completaly successful mission was flown by
the wircraft; but, no ground survey of the area wvas possible due to the
nom-availability of shipe.

S. April 1967 - Cround truth tesus were prepared to survey the
test site area, but the ai craft could mot fly due to equipment malfunctica.

6. Jume 1967 - This mission was oimilar to the Pebruary sission.

7. August 1967 - For the firet time quasi-sisultaneously surveys
wire made of the test site by both the WASA P3A and the Alamincs. To
point out the differeunces between sircraft survey sad ship survey, it
tookmmmay.ummthulmmbym
NASA P3A in a period of two hours.




PR o

s e e : g ok
- - SR ke

MEASURPMNENTS REQUIRED

One of the goals of SPOC at Texss ALY University is to develop
techniques whareby ingful graphic can be made

from satellite besed sensors. Yo accomplish this, the sffecte of the

ph in ing and redistributing the radiations from the
ocean’s surface sust be considered. Thus, detailed knowledge sbout the

t emp re ¢ and comp ion of the ph over the test

site area must be ob d by the gr d truth program. This implies
the use of various atmospheric sounding devices such as radiosondas,
ravinsonde, tethered balloons, wira sondes and rockets.

The sheer size end vumber of req d snd
systems dictstes the use cof large platforms on which these inetruments
are to be based. The most logical platforw is the ship. These vessels
cost from two to six thousand dollars per dsy to operate. Alse, the
nusber of research vessels in the United States is quite liuited.

In some ceses, fixed platforms such as oil platforms may be used
.o hold .rou'u truth instruments; howsver, these -wu be inflexible
and necessarily located close to shore linas.

Aircraft way be used to provide ground truth in = number of ways

153

in addition to those alrasdy mentioned. Dr des | pheric profiles)

and expendable BT's may be dropped from ground truth aircraft along with
€ bucys to wonitor eutomstically weter temperature, salinity sad meteoro-
logical conditions at the air-ses imterface.
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With the above cowments im wmind, the following 1s a list of the
measuresents required (*indicates thet these measurements are currenmtly
being made satisfactorily ia our present ground truth program).

1. Amount and spectral distribution of direct and indirect eolar
radiation impinging upon the ocean's surfsce.

2. Net terrestial radiation near the ocean's surface.

3. Dowmward radiation from the sky in the microwave bands used
by the passive nicrowave radiometers.

4. Vertical distributions of temperature and water vapor in the
atmosphere over the test s.:.e from surfece to 50,000 feet.

*3. Cloud coverage.

*6. Hoxfzontal .istributiom of water-surface temperature and salinity
in the test site area.

7. Magnitude and direction of water vapor flux and sensible heat flux
at the air-sea interface.

8. Complete surfice meteorological observatioms.

9. Accurate navigational equipment.

10. Colorimetric analysis of surface wr: rs.

11. Amount of suspended nuruvl‘(udmn) in the surface water.

12. Unified data management syetem on board the ship uaing a common
time base to erable correlatiom of ground truth data. This system should
include analog-to-digital couversion and digital storage ou magnetic
tapes. All the measurements should be stored inm digital format tc

provide easy reduction and use.
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13. A system to allow real time comparison of ship and sircraft
data at points of coincidence.

14. Development of portable or suitcase instrumentation adaptabls
to many different types of vessels.

Although the above requirements have been given in brief outline
form, their importance to a remote sensing program cannot be over ewphs-
sized. Remote sensing itself consists of measuring a large It.l‘ of the
ocean surface on a very short-time scale. Although this has the obvious
advantage of surveying large areas we must also know how representcative
our "instantaneous" picture is.

In the infrared or temperature picture a represeatative view requires
that we must know the time change of heat flux from or toward the ccean
surface (items 1, 2, 4, 5, 6, 7) in addition to vertical mixing at the
surface. Without such Infrvrwation on both a spatial and tamporal basis
the temperature structure we describe by @ remots sensor survey will
have little weaning in any represeutative or scientific sense.

In addition to change at the ocean surface affecting the remote
sensing approach to l.-puu the ocean surface,there is alvaye the problem
of looking through a sea of air. It is imperative that we know how the
vertical temperature and wuisture structure affects remote sensing squip~
went. The atmospheric polltants can also play an important role in the
"observed" surface temperature structure through selection, absorbtion

snd trausmiseion. It 1s elso poseitle that pollutants affect the repre-

gsentativeness of the surface tempersture value on a time scale as wall

as the actual messured value.

Similar problems exist for photographic interpretation. Factocre
such as vater contaminants, surface roughness and even atmospheric
pollutants c.n directly affect the apparent color of ::- water. In this
aspect then, it is imperative to know the factor which lead to the
color hues observed on the ocean surface (items 10, 11).

Microwsve measuremeniy are ss semsitive, if not more so, to the
same factors that must be cousidared for infrared measurements. Tn rhia

surface rough is particularly fmportant to signal return.

Surface temperatuxs and surface salinity effects microwave smission so
that they also must be determined sccurately before microwave data
nequirition is realistic. An sdditiomal factor which must be counsidered,
as in the case of the infrured messursments, is the siy radiation.

All the considerations stated above require adequate ground truth
coverage.

Tue question might be raised as to why it is considered important
to be able to determine the horizontal distribution of temperatuire,
salinity and roughness on the ocean's surface. Studies at Texas ASM
University have shown correlation between sea surface temperature
patterns and currents. Most of the physical properties of sea water
such as demsity, conductivity, dielectric comstanc, heat capacity and
others can be obtained knowing its temparature and salinity. Ronghness
distribution can imply eveporstion distribution. Finally, these

parameters all emable estimates of the hest aad water vapor flux into




157 158

the here to be ed. This in turn affects long period SUPPORT OF MISSISSIPPI DELTA TEST SITE

casting.
weather fore "8 Ground truth in the Mississippi Delta test site has been obtained

in the past due to a combination of luck sod persuasion. Research
vessels are scheduled a year in advance; vheress, aircrafc missions

are scheduled quarterly. Since the principle investigators in Space
Oceanography are not fundad specifically for tﬁ maintenance of a fleet
of vessels for use in the test site, vessels must be requested from

the institutions unéer which they are controlled and many times the
press of other research precludes their use at any given time and place.
Apparently, the only solution is for funding to be made available for
the leasiug or purchasing o research ships specifically to be used

to support the ground truth prigram of the Earth Resources Survey
Program. Purchese of a fleet would involve a high initial capital
investment; however, since the business of studying Earth from space

is probably here to etay, the long-term ecornwmics of such a move fully

justifies the initial & . This ded fleet 1s not in exis-

tence today, and it i¢ unreasonable to axpect that the current fleet
of oceanographic research vessels could do much to relieve the
situation.

It appears that our ground truth problems lie not in the inadnyuacy

of the instruments but in the nonavailability of the vesssls on vhich

to carry these instruments.
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SPECIFIC RECOMMENDATICHS

Ship support

Since the major deficiency in ground truth supnort is simnly lack
of ship support it 1s recommended that NASA acquire the use of at least
five support vesmels to be used specifically for pround truth support
during the next 5 to 10 years in this program. Furthermore it is
recosmended that these vessels be of the typ: used by the offshore oil
plactforms for logistic support. These ships are rvelatively inexpenuive
and available for either purchase or lease and lend themselves %o the
module concept of instrumentation. 'Mcdule” refers to the construction
of instrumented vans which can be used in a uanner to provide great
flexibility. This concept has been successfully used by thc'Hutlnghousc
Corporation on board their ship which supports their deep submergence
program. Discussinns with personnel froa this ship revealed that the
van system is very seaworthy and flexible. We eetimate that each
vessel with a basic suite of iastrumented modules will cost ahout two
million dollars initfally, Anoual operating costs will be in th2 range
of three quarters of a million dollars. If the ship is leased the
initial costs will be much lower though on a prolonged crrerat‘~nal basis
it may be cheaper to purchase them outright.

The five ships should be statisned where they can pive th~ -~xinum
flexibility .o support of or2anic requirements for ground tvnth. Iz

is recommended that Woods Hole, !{lami, Texas A&M, Scripps, and Vashington

each have the management regponsibility for one ship. In this way =
when the ships are nut actually supporting a mission they co:ld be out

inveatigating oceanic featuves.

International cooperation

NASA cannot affordé to meet all ground t(ruth requirements throughonr
the world ocean. licgotiations should begin now on a program of inter-
national ccoperation in ground truth and space oceanographic data sharing.
By using international oceanographic vessels with some specialized
instrumentation furnished by NASA the ground truth rejuirements for
cxtensive world wide oceanic areas could be met.

The current planning for this type of program for the governments
of Mexico and Brazil by NASA lnd-tc-u- steps in the right direction.
Due to the closencss of the first Earth Resources Survey space mission,
a rapid acceleration of thie effort is necessary to insure that

several nations will be able to support this progran.

Suitcase instrumentation

It is recomsended tha' NASA lct a contract to develop a portable
ground truth instrumentation package. Such units will be very effective
in meeting requirements where several “ata points are required or where

research vessels are not available.
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Calibration standards

NASA should eszablish uniform calibration standards for all
ground truth instrumentation developed under this program. This will

insure that all instrumentation systems are compatible and checkad

against the same standard. Systems' specification and procurement
should be under the supervision of a select group of environmental
sensor experts. Total integration of all syscems can be developed by

applying the systems analysis approach to thie effort.
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SUMMAR™

The lack of research vessels available for specific support of
ground truth requirements of remote semsor studies of the ocean is the
principal limiting factor in the Spacecraft Oceenography Program. The
current fleet of research vessels candot support the extra demands of
this progras nor are they readily available for the addition of the
sophisticated instrumentation systems necessary (o support this work.
The only satisfactory answer is to sdd new ships to the U.S. research
vessel fleet that are specifically earmarked for support of SPOC.

In additicn, provisions should be mads for a simpiified instrumencation
package that could be placed on exfsting ships, ships of opportunity
and other platforms when the regular ground truth vessels were not
avallable or where more data points were required.

The scundest procedurs is to consider the ship procurement and
instrumentation instailatioc as a ground truth support system. This
siiculd ingure full compatability between instrumentation systems and
the cther ships in this class.

Even with these ships the requirements for grouwd truth support
world-wide will exceed any reasonable NASA capabilities. Therefore it
is important that NASA rapidly develop an international cooperative
space oceanography program using our ramote sensor platforms and the
research vessels of foreign nations for zround truth support. The

current dexican-Brazilian program seems to be hesded in this direction
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but it reprasents only a fraction of the effort required to enliat the
aid of the world's oceanographic communtcy.

There is no inexpensive way 20 obtain ground truth over and on the
ocean enviromment., 1f space oceanography is to be part of the future
space miseions then there is no choice but to develop the ground truth
support now. ¥ach year that this decisicn 1s delayed will result in

higher start up costs whan it is finally isplewmanted.
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(Preliminary’ Analysis)
Dr. W, J, Plerson, New York University

Dats

Thirty-two plots of radar scattering cross section versus incidencs angle

in degrees were obtained with the NA3A-MSC 13,3 GHz (2 =m wavelangth}
scatterometer during two flights on the CV240 based at Argentia, Newfoundland,
(Mission 60). The flights were on 31 October 1367. Flight I was from

15512 to 18237 with a target area at 4A5°N 55, and Flight II wss from

2059Z to 2320Z with a target area at 45°30'N and 50°30'W, These data are
compared with data obtained by the same radar with the same strcraft near
Bermuda on 7 March 1966 over the Gulf Stream on 12 October 1966,

Comparison of the 32 plots with wind date wnd wave hindcasts for region
gverflown

The winds over the area of interest shifted from a southerly direction to a
northeastarly direction after 182 30 October, and were northeasterly from
00Z 31 October to 00Z 1 November, Graphs of the estimated wind upaed at the
tuo target areas for the 24-hour period encompassing the two flighis are
shown in Figure 1, Tbe wind speed over the two target areas vae essentially
the same at the time of the overflight (shown by the arrows) and vas some-
where between 28 to 30 knota,

The veather and wind patterns during the f1ight were rather confused ocoam-
pared to the more fully developed patterns that can oceur, and 1t would be
difficult to state precisely the ovorall nature of the wind field over the
compiets tracks of the aircraft. An appendix by Mr. Lionel Moskowitis
describes the weather pattern and operational decisions,

Plots numbered 1 to 18 correspond to Flight I Target {. The essential
feature of these plota 1s that the ocrosswind plots, no matter where taken,
are all essentially equal throughout the entire flight., These plots are
numbered as follows: 1, 2, 5, and 14 to 17, Plot Ko. 18 is close to the
coast and runs from 2 to 3 db lower then the others, The upw ind ~-downwind
plots are again almost all essentially equal and run about 4 db nigher than
the crosswind plota. These correspond to plots 3, 4, and 7 through 13,

Faow WP
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rrespand to Flight II Target II., Plots 19, 20, 21, and
Tosewind direciion are all alike and sssentially the same
4 to 17. Plot 23 in the upwind-downwind direction is the
sumo as plots 3, 4, and 7 through 13, Plot 19 is for nearly the same
point as plot 18 and suggesta that plot 18 may be anomalous,

i

Plotljow%mlhwlszdbdmpvmce-pundtonllothor
and suggest that the waves and winds may have decreased
during the last part of the last flight; that is, around 2200 to 2300 on

The wind data from the area suggest that ths wind was essentially the
same over each target area at the time of the respective overflights and
that it was northeasterly at a speed of about 28 to 30 kmots, The
significant wave haignt was about 13 feet.

Figure 2 shows plot noc. 4 for fore-aft scatter and plot no, 5 for sross-
wind acatter as being the closest to Target 1,

Somperiecn with Gulf Stream and Argus Islund data

Mission 3{ over the Gulf Stream and the flights near Argus Ialard
(Mission 20) provided the same kind of plo*s for lower wind speeds ard
lower vaves. The plots for Loth situstions ars essentially the same for
incidence angles from 5 to 20 degrees, and the irgus Island data extend
to 55 degrwes. The waves measured over the Gulf Stream were somewhere
between 4.8 and 5.4 feet, which corresponds to a wind fror 16.2 to 17.2
Imots. Ths wvaves measured at Argus Island were 7.4 feet, which ocorresponds
to a vind of 20,2 kmots. However, tne spesctrum a% Argus Island suggests
some svell, and if this is removed to recover the wind sea spectrum, the
winds near Argus Island couid have been as low as 19 imots., The data for
both missione have beer. combined in one single plot in Figure 2,

We are tous able to compare the two sets of data, one for waves Crom 5 to

7 feet high, (more probably from 5 to & feet), and winda from 16 to 20 mots,
(more probably 17 to 19 knots), and one for wavss about 13 feet high and
andlthStoJOknotnu-havninﬂgunz.

For sll incidence angles greater than 10°, the curves for higher winds and
waves iie above the curves for lower winds and wvaves, The separation is

€ db at 15° and as much as 12 db ut 55°, There is every indication that the
trend could continue were these piots obtained for even higher winds and weves,

Comparisgna of other available ves backscattered date
To show the changes in the normalised backscattering croass section as a

function of incidence angle % (8) for sea return, certain available and
appropriate published data were plotted for comparison in Pigure 3,
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The data used for coaparison with the Mission 60 data wero taken by the
Naval Research Laboratory (NRL) with a vertically polarised X-band radar

at 8,91 GHs. The NRL sea return data were taken roughly two years ago at
Sea States 2, JBnnd 4, where most of the o7 (8) information pressnted was
in the range 30°¢ 6« 85°% This range, however, is of vital interest

since it can be correlated to wave hsight or ssa roughness, It must be
noted that the NRL radar is at a slightly lower frequency than the NA3A 13.3
GHz scatteromester.

All of the Sea State 4 data were taksn on Mission 60, 3! October 1967, with
the 13.3 CHz scatterometsr. The Sea State 5 & plots anow upwind UW (or
forvard antenna beam), downwind DW (or aft antenna beam), and crosswind CW
(forward and nn-bons information in the angular range 5 to 60 degrees,
The NRL o- data are shown for Sea State 2 for 0O< €< 30% for Sea State 3
for 30°¢ Vg 70% Sea State 4, CW, 30°< 8< 853 and Seu State 4, UW and DW,
72°< @ < 85°, The Sea State 4 data were roughly interpoluted in the region
30% € < 70° for comparative purposea,

Mission 20, Eermuda, March 1966, sea retwrn date taken by NASA with the
13.3 GHz scatierometer, (waves around 7 feet), are shown by the heavy
tlack dots,

Of considerable analytical significance is the large difference in the
value of oy (db) between Sea States 3 and 4. This difforence is aiound
14 db at 8°= 309 ard around 20 db at @ = 60° wvhen one coneiders only the
apwind plots. This difference certainly is sufficlent to allow good
resolution of wave heights for the variocus sea states,

it is also importent to note that voth the NASA scatteromster and the NRL
radar transmitted vertically polarized waves and received in the vertical
aode VW, Additional information can be obtained in the horizontally
polarized tranaunit-receive mode HH as well as tte cross-polarized mecdes
TH or HV,

As a final ccnsideration, even though the iate vers taken from differeut
sources and experiments, the plots and trends are clear and consiutent
particularly for angles greatsr than 30 degrees.

cilS 8

The measurements for higher winds and waves follow %he trend predicted by
previous observations. Whether the plots are more nearly representative of
wave height or local wind, spsed cannot be decidud on the basis of this cne
experiment., More observations for even higher winds and waves and for
altuationa vhere strong winds blow directly offshore iretead of parallel to
the coast are needed to resolve these difficulties.
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PPENDIX

Forecast and hindcast date

At 12002 on 31 October, the southern cosst of Newfoundlsnd was under the
influence of a pressure gradient yielding winda of 20 knots from 040 d .
Offshore wind speeds were significantly greater (approximately 30 kmots).
The USCGC CASCO (45.8N, 53.9W) reported 29-knot winds end 14-foot seas,

On the basia of the synoptic situation and the CASCO's report as an impetus,
a "go" conditlon was dacided upon. The targst point 45N, 554 was selmcted,
this peint being chosen becsuss it would remeir under the infiusnce of the
prevailing synoptic conditions and it would afford a iesway in the flight
tize should the wind system coliapse rapidly. 4 preliminary forecast of
28-imot winds from 060 degrees associated with 13-foot aeas (eiguificant
wave height) was initially forecast., These forecasted values at ths target
vere goncurred by the duty forecaster of the Fleet Weathsr Facility, Naval
Station Argentia.

After a "go" situation was determined and after flight plans had already
bsen scheduled by the flight operztions peocple, a phone call was received
frow L. Cratham of HAVOCEANO. From this cail it wae determined that the
forecasters of ESSA concur ~o a "go" situation. The aircraft, airborne at
15522, proceeded with ita mission and arrived over ths target at about
170202 and returned at 138252,

P_rtor to the retum cf the aircrafi, it was decided to rum a second sission,
altbhough the synoptic pattern was rapidly breaking down and seas did not
apear to be as high nor wind speeds as astrong as during the first ajsaion.
The second target, approximately 25 miles SE of Cape Race, was at 45.%%,
50.5¥. The wea state was forecasted % be 5-10 foet.

Winda were epproximately 24 knots from 060 degrees, The second mission
attempted t gather continucus sca‘terometer data from the coast to the
target. The aircraft flew out and back at an altitude of 8000 feet. Por

the firal mission, the aircraft flew out at 8000 7eet and back at 15,000 foet.
The aircraft wvas over the second targest at about 2200Z. The cloud cover 7as
overcast thin stratus with basss at 1500 feet and tops at about 3500 feet

for both {1ights.

Hindcaste were prepared retury to Washington, D.C., us »oT® costpl:
data. The resuite for Targat It Hhyg = 12-13 Test Prem 060 § i
resulta for Target 11y Hy/3 = 12-14 feet also from D60 degrees. Water
temperaturss were approximatsaly 50°F for both mieaions. Air and dew point
tempsrat.urss were, also, approximately 50°F, Water dspth at Target I was
over 400 fathoms and at Target II was spproximately 40 fathoms. It stould
be pointed out that the water depth at Target I is non-repressntative of

the genersl area only a fev miles away. Ihe contours off the south,
southeast, and east coasts of Newfoundland are rathwr flat (upproximately
tg.-sglﬁ:thm) for at least 150 miles. The firatu target falls just outside
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