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1.0 PREFACE

1.1 OBJECTIVES

) The principal objective of this study was to investigate applications of
HCMM (Heat Capacity Mapping Mission) satellite data in detecting and mapping
geologic features for energy-resource and mineral-deposit studies. Other,

related objectives iuvclved the development of new techniques and approaches

in thermal model:ng and image processing.

1.2 SCOPE

The analysis was somewhat restricted by the limited number of sequential
day/night image pairs free of major atmospheric/weather problems. For the
Powder River Basin, Wyo. avea, a single thermal-inertia image was formed using
20 August 1978 data. Four additional nighttime scenes were used to examine
geologic formation boundar.es and thermal lineaments. The analysis of the
Cabeza Prieta, Ariz., area was done using a thermal-inertia image constructed
from data acquired April 3 and 4, 1979, No euccessful U-2 aircraf data
acquisition flights were conducted over these two sites so that comparison of
different resolution thermal data was only conducted using USGS aircraft
data. Despite all thes= limitations, significant geologic information was
derived in this study, and the results suggest the importance of a follow-on
thermal satellite experiment for improved mineral and energy resource explora-

tion.



1.3 CONCLUS1ONS

Despite limited data, investigations in the Powder River Basin area of
eastern Wyoming and adjacent States clearl” showed that geologic units as
narrow as two or three resolution elements, but of moderate to high thermal-
inertia contrast against surroundings, can be discriminated {in optimal
images. It appears likely that subtle facies differences 1in sedimentary
barin=-fill units can be delineated and mapped using satellite thermal=-inertia
images, especially if sequential images can be obtained during a drying cycle
after rain or snos. A few subtle but mappable thermal-inertia anomalies
coincide with areas of anomalous helium in soil gas believed to indicate
leakage from deep oil and gas concentrations; the presence of thermal-inertia
anomalies suggests that gas leakage has produced chemical changes and cemencta-
tion at the surface. Such changes also are known to be associated with shal-
low uranium deposits and changes were looked for but not found in the thermal-
inertia images; it 1s thought that the surface changes in this area are too
minor and discontinuous to be detected from satellite.

The most consistently practical and important results involve delineation
of tectonic framework elements such as lineaments bounding apparent structural
blocks. These commonly can be seen even in less-than-optimal data. One pair
of major thermal lineaments in the southern Powder River Basin seems to define
structures not previcusly recognized but consistent with, and adding impor-
tantly to, an emerging story of basement-block movements and their direct
influence on sedimentation, which in part controls the occurrence of large oil
and gas resources. One of these lineaments matches up with aeromagnetic map

data and appears to reveal a basement discontinui.y which underlies the famous



Homestake Mine in the Black Hills and a zone of Tertiary dgneous activity.
Along with the newly identified lineaments, the thermal images also permit
aapping of geomorphic textural domains. The ga "7gic significance of these is
aot yet understood, but {t seems likely ¢t} they connote structural and
lithologic conditions which affect or control local ground-water regimes.

Similar applications of HCMM data to the Cabeza Prieta, Ariz., area
illustrate the potential of wusing thermal-inertia data for discrimination
between extrusive and intrusive rocks and for detectiny differences in theu
mafic content of volcanics. Other results included detection of differences
among surficial units - tentatively ascribed to changes in soll-moisture
retention, Jdis:overy of discrepancies in existing geologic maps, and possible
application of the thermal-inertia technique to mapping buried pediments.

Extension from beyond the originally proposed study areas to Yellowstone
National Park was made to examine the usefulness of HCMM data in geothermal
studies. Although we found that the night-thermal data could not be used with
any confidence to distinguish surface hydrothermal features, we did detect
additional structural information concerning the outline of the caldera which
is the source of the volcanic heat. This reinforces our conclusion that a
majox utility of these data 1is in providing information about local-ares or
regional tectonic framework.

We have also made significant advances in modeling analysis and image-
registration techniques. A thermal-inertia mapping algorithm has been devel-
oped based on a new method to derive the regional meteorologic parameters
solely from the satellite data. An algorithm for determining the sensible-

heat flux from ground-station data was also constructed. Simple forms for



four of the atmospheric flux terms were constructed from field measurements
made during circumstances when satellite data are likely to be most useful.
These forms eliminate the need for extensive continuous ground station data.
-kllo. s method to correct thermal and thermal-inertia data for elevation
variations in sky and solar flux was determined. 1ln addition, we have devised
a fast topographic adjustment algorithm which can be used in conjunctioi with
digital terrain data to correct the thermal-inertia image fo:r simple topo-
graphic slope effects. Finally, a fast image registration technique was
developed that proved to be considerably more accurate than the NASA regis-
tered products.

Our analysis of the HCMM data has resulted in the recognition of features
which suggest the existence of previously unmapped and unknown geologic struc-
tures. Their relationship to other geophysical and geochemical da:a provides
important information for a basic resource-exploration strategy. Addition-
ally, substantial progress has been made in modeling and image-processing
techniques. This report covers new arecas and represents significant advances
in the processing and interpretation of thermal satellite data and in the

integration of thermal-infrared data in regional geilogic exploration.

1.4 RECOMMENDATIONS

From our experience to date, we would recommend that serious consider-
ation be given to a follow-on thermal satellite mission with these general
characteristics.

1. The current NEAT of HCMM seems adequate for most regional studies.

Higher thermal resolution does not appear necessary.



2. Some increase in ground resolution (possibly 100-200 m) wsould be
useful; however, there are trade-offs to consider nere. The 500-m resolution
from HCMM has proven very useful for regional structures = it does not appear
promising for detecting alteration.

' 3. Some increase in the repeat times over a site is desirable. The HCMM
data we have seen have often baffled us because of changing wmeteorologic
effects. The increased repeat time would enhance the chances of “"stable-
clear” conditions and also provide coverage of regions under several meteoro-
logical and soil moisture conditions. The repeat time involves the orbit
paramet:r selection; a 5-10 day repeat of coverage would be desirable.

4, The curren* overflight times of HCMM appear appropriate for geologic
analyais. It should also be noted that the daytime wpaximum represents an
optimum time to acquire multispectral thermal measurements as well.

5. Our analysis of HCMM data requires registration of day and night
images and subsequent registration to a topographic base. The registered data
provided by NA3SA often contained large registration errors. An essential
requirement for analysis of these data 1is that the clear scene images be
registered (day/night images) to a pixel, and to digital terrain data. If
this registration accuracy cannot be achieved routinely, it is recommended

that registered products not be provided to users.
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2.0 INTRODUCTION

The HCMM data vhich we have examined have provided vs with unique geolog-
iz information which {s both complex to analyze and difficult to explain. In
Some casei we are astonished to see subtle distinctions of structure and
geologic materials that are not found on detailed geologic maps. In other
cases we are unable to differentiate widely dissimilar geologic materisls or
identify features which are clearly described on regional geologic waps or
Landsat images. Commonly, geologic features are clearly displayed on a single
inage or part of an image and not on others. Further complicating the analy-
sis of these data has been the experimental nature of the satellite mission,
which has introd:wced both significant time lags between data acquisition and
interpretation, and unique constraints in image registration and data calibra-
tion.

This report comprises pieccs to a puzzle--a puzzle with tantalizing new
information Lut sufficient gaps to preclude a complete overall assessment. We
have examined the geologic implications of the HCMM data in the Powder River
Basin of Wyoming and subsequently extended the analysis to the Cabeza Prieta
area in Arizona. Enhanced nighttime images, thermal-inertia images based on
our new algorithm, and several profiles of various data across the basin are
presented in our analysis and subsequently compared with other map data (geo-
logic, magnetic field, known areas of oil, gas, and uranium occurrence, helium
snomalies, &nd ground water). Of equal importance with the geologic interpre-
tation has been progress in wmodeling. We provide several new algorithms:
thermal~inertia mapping, estimation of regional meteorologicsl information

from the fundamental remote sensing data, registration of satellite day-night
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images, elevation correction of thermal and thermal-inertis data, and deterni-
nation of sensible-heat flux. The concluding section of this report addresses
our image process. s techniques together with a listing of the computer pro-

grams used.

2.1 GEOLOGIC SETTING

The study areas are the Powder River Basin and environs i{n eastern Wyo-
ming-Montana and the adjacent Dakotas and the Cabeza Prieta Range in southwest
Arizona. The Powder River Basin (lat. 42°=45° N,, long. 103°-107° W.) has
large potential for coal, oil and gas, and uranium, and accordingly is now the
target of several major geologic, water-resource, and land-use mapping pro-
jects. Covering an area of about 250 x 400 km, it is a semi-arid region of
rolling low hills typically with thin to moderate grass and sage cover.
Tertiary rock units (Fort Union and Wasatch Formations) in the central area of
the basin, where the energy resources are known to occur, are exposed on
scales sufficient for ratellite measurements. The lower part of the Fort
Union 1s sandstone exposed in belts 4 to 10 km wide; the upper Fort Union part
1s siltstone with major coal beds exposed in belts 10 to 30 km wide; and the
Wasatch 1is siltstone and claystone covering areas 30 to 60 km wide.

The Cabeza Prieta Range in Arizona (lat. 32°-33° N,, long. 112°-115° wW.)
is a proposed Wilderness area, and the USGS has begun a program to define the
gaology and minev_l-resource potential of this virtually unmapped area. The
State geologic map shows the area to contain granite, schist, mafic volzanic
rocks, and alluvium. It lies very near the major mineral districc at Ajo,

Ariz., and contains old prospect developments in hydrothermally altered
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ground. Because the area has been withdrawn from public access since World
Wor 11, the geology and mineral potential are barely known and thus the area
is considered relatively impcitant for modern study.

2.2, APPROACH

Initial data interpretation was performed by visual pattern recognition
of areas significantly different than their surroundings. Several
1:1,000,000-scale photographic enlargements were made of the NASA thermal and
reflectance images to match them to many of the other existing dsta map prod-
ucts (geologic, geophysical, topographic, Landsat lineaments, and so on).
Because of the X-Y distortion and the large magnification, this metho! was not
entirely satisfactory for detailed study. We then generated film products
from the computer-compatibl: tapes (CCT's) and used a zoom transferscope with
X-Y stretch capability to register the projected images onto a gtream-network
map. In west local areas, this permitted plotting of features to within one
to three pixels of their true ground position. Few of the interpretations
based on the temperature boundaries or on other features are significantly
affected by this degree of mislocation.

During this stage of the investigation, we also discovered that the NASA-
supplied AT and thermal-inertia images contained artifacts, such as doubdble
drainage, indicating misregistration in parts of these images of several to
many pixels. Consequently we developed a registration algorithm (Watson and
others, 1981%) which regieters data to within two pixels. Also as part of the
investigatirn, we developed a new thermal-inertia algorithm (Watson, 198la)

wvhich was employed during the remainder of our analysis. Correlation of these
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registered image products with the other geologic-geophysical data was per-
formed primarily by using optically enlarged projectivns of the data on digi-
tally enlarged image product at a scale of approxiwately 1:200,000. This
enabled us to examine subtle features at the pixel level and also to employ
our full profiling and histogram capability at the full dynamic range and
resolution of the digital image data. We have thus been able to quantify many
of the scene differences which had beena observed on varifous image products.

We also examined the use of color-coded images for enhancing subtleties
in the scene contrast. Generally this provided a more obvious demonstration
of differences but did not appear to add any new information. Toward the end
of our study, however, a color-coded thermal-inertia image was produced which
provided a new - {f unexplained - perspective of the scene. A north-
no: Luesst-trending rectangular pattern of ground, surrounding the Black Hills
and roughly corresponding with major changes in the drainages of the Yellow-
stone and Missouri Rivers was observed In retrospect, this feature can now
also be seen on the bdblack and white products. The color-coding of the image
was also a very useful tool for quickly determining the numerical range of
values. With an appropriate color-scale and using a high-powered magnifica-
tion lens, it was posseible to determine the thermal-inertia ranges of muny
geologic units quickly. In both these respects the color-coding can be re-

garded as a useful but not esrential element in the analysis.
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2.3 RESULTS

2.3.1 Thermal-inertia mapping for discrimination of geologic features

2.9.1.1 Delineation and sudbdivision of geologic units

Discrimination studies have been somewhat limited by the lack of sequen-
tial day-night image pairs free of major atmospheric/weather problems, but the
20 August 1978 set of day (AAO116-20010-1,2 and AA0116-20020~1,2) and night
(AA0116-09040-3) scenes and our constructed temperature-difference (4T) and
thermal-inertia images show several geologically significant features. Other
good nighttime data from 30 July 1978 (AA0095-09170-3), 5 September 1978
(AA0132-09050-3), 27 September 1978 (AA0154-09190-3), and 10 June 1979
(AA0410-08450-3) passes have been used for delineation of several geologic
bovnidaries, including some not within the area of, or not identified in, the
20 August 1978 data set.

A measure of discrimination capability, using optimal images anu selec-
tion of geologic units which contrast well with their surroundings, is the
clear delineation of the Mesaverde Formation. South of the Bighorn Mountains,
in the vicinity of the towns of Midwest and Edgerton Wyo., the Mesaverde - a
relatively massive sandstone - crops out between the Fox Hills Sandstone and
the Cody Shale. On the night image (fig. 1) for 30 July 1978, all three units
are relatively waru; however, the Mesaverde can be traced as a distinctly
wvarmer unit (1/4°-1/2° C), along at least 40 km of strike length in which a
fold nose is clearly defined (fig. 2). The Mesaverde outcrop here is 1-2 km

wide or 2-4 resolution elements (pixels).
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Southwest of that area, south of the town of Powder River, within a large
area of Cody Shale, is a sandstone inlier of Frontier Formation surrounding
older shale and sandstone of the Cloverly and Morrison Formations. In the 30

‘july image, the Frontier is clearly s warm annulus around a cool center of the
other units (fig. 1 and 3). The units in the cool central area are about 5 km
wide and the warm Frontier annulus is 3.5 km wide. What is additionally
interesting in this area is the apparently clear definition of a similar but
smaller such feature to the northwest which does not match the shape of the
contacts on the most recent geologic map (Love and others, compilers, 1953).
This feature has not been field checked.

Another measure of discrimination is found in the area of the Pumpkin
Buttes. These are very sharply defined in the 5 September 1978 night image
(£ig. 4). North Butte is about 3 km wide, and the combined topographic/geo-
logic prominence of Middle and South Buttes measures about 4 by 8 km. These
are warmer than their surroundings, as is expected of tuffacaous sandstones of
the Whit: River [ormation, dense and resistant enough to form buttes where
erosiocnal remnants lie upon the softer sandstones and mudstones of the Wasatch
Formation. Once again, when the geologic map was projected onto this HCMM
scene, differenceé were observed. Unfortunately, on our only thermal-inertia
image, clouds were present over the Buttes preventing the otservation of the
expected thermal-inertia contrast.

Definition of geologic features is highly variable from pass to pass and
within single passes. The 30 July image (fig. 1) is excellent for the north
half of the Powder River Basin and the areas west and southwest of the

Basin. The image appears virtually washed out in the south half of the Basin,
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showing high temperatures in an area conspicuously cool in all the other
images. Because "he image was examined long after it was acquired, {t was not
possible to obtain detailed field meteorological data. This is 3 generic
problem in dealing with transient and local phenomena that commonly affect
thermal surveys. Air temperature and precipitation data rhow fairly similar
conditions at the 28 weather stations throughout the scene. From these data,
the intrascene variations cannot readily be ascribed to local weather/moisture
changes; however, the NOAA and "™MSP (Defense Meteorological Satellite Program)
Satellite data show that a major weather front had recently passed through the
basin. Such intrascene differences are less pronounced or even absent in
other passes, but none of the others expresses quite the same degree of geo-
logic feature definition as the good portions of the 30 July image.

The multiple data sets of 20 August contain considerable geologic infor-
mation, especially in comparing patterns seen variously in the day thernal,
night thermal, 4T, and thermal-inertia images. The day thermal image (fig. 5)
shows large areas of warm ground north and east of the Black Hills. These do
not correspond to lithologic subdivisions on any available geologic maps, nor
to any patterns of weather across the scene during the previous few days.
Small individual features of interest in the image are cool areas around the
Tongue River and in a belt of small patches trending north-south up the center
of the southern part of the basin. The very warm drainage area west of the
Black Hills and the warm area south of the Black Hills are also noteworthy.
The pight image (fig. 6) offers busier patterns of finer scale definition,
dominantly related to the topographic character of local areas. Much, but not

all of the high ground between streams, is conspicuously warm. The long,
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straight Powder River separates warnm ground on its eust flank from cooler
ground on its west flank. This is not just an effect of east~ vs. wesi-facing
slopes, because most other stream areas do not show the same effect. The
north-south belt in the southern part of the Basin shows as very warm patches
of ground. Very warm areas ring the east flank of the Black Hills and occur
just to the north throughout the Bear Lodge Mountains, but these do not corre-
spond to the mapped geology. Other contrast stretches vere tried including
color slicing but the correlations of temperature areas with geology did not
improve. What does appear to be truz, however, is that within the Powder
River Basin, counspicuously warm areas are¢ much more abundant in the north
half. For the most part, this is a result of greater dissection of the ter-
rain and more exposure of bedrock, as compared with few outcrops and abundant
windblown sand veneer in the south half.

Analysis of the thermal-inertia images, derived from our registration and
modeling algorithms, showed that the Tongue River areas of cold ground in
daytime are, in fact, areac of high thermal inertia (2000 Thermal inertia
units (TIU); 1 TIU = ] W secl/2 m'z). These areas (fig. 7) correspond quite
well to areas mapped by Raines (Raines and others, 1978), using computer
enhancements of Landsat images. They were mapped as the coarsest, sandiest
lithofacies unit {n the basin, which are relatively indurated and resistant
and should crop out best and, depending on moisture conditions, should have
the highest thermal inertia of the subunits in the Wasatch and Fort Union
Formations. Other such correlations exist for several areas of this facies
southeastward toward the Black Hills. Areas of the Wasatch and Fort Union,

sampled from various psrts of the Basin and which appear to be representative
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of larger surrounding areas have thermal-inertias of 1525 TIU and 1450 TIU,
respectively. However, the thermal-inertia of thesc two units varies consid-
erably throughout the basin and in some cases values for thece two units are
statistically inseparable. A possible explanation is that these units gener-
ally form low or flat topography where windblown sand obscures the underlying
geology in extremely dirregular (and unmapped) patterns. Another reason is
that these units retain moisture differently and longer than sandier facies,
and thus may have great irregularities in both thermal-inertia valuss and wind
cooling patterns. If they are slightly wet, and not cooled by surface winds,
their thermal inertia will be higher.

The north-south belt of high thermal inertia (fig. 7) was initially
thoucht to correspond to burned ground over ancient natural coal fires. The
night tiilermal image (fig. 4) was carefully regirtered to a base map and a
composite map was made showing the areas of clinkers (as determined from a
color ratio composite lLandsat image) and the warm areas on the HCMM image
(fig. 8a). We then examined the thermal-inertia image and determined that the
clinker areas in fact have an 1ntermediate'thermal inertia (1300 TlU) and the
N-S belt of warm ground in the night image just east of the clinker hills has
s higher thermal inertia (1500 TIU). This north-south belt has been mapped in
detail and the surface _‘ology provides no clue as to why these areas havu
high thermal inertia. This dots not conform with conditions produced where
windblown sand accumulates in the lee of topographic highs. It is suspected
that the highly fractured clinker hills are readily drained of their near-
surface moisture and this ground water tends to pond Jjust eastward in the

direction of Hormal drainage, causing an increase in thermal inertia. This
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hypothesis is given credence by an examination of the NURE gamma-ray prof{les
in this area. These areas coincide with lows in the total gamma=-ray meanurc-
ments (fig. 8b) as would be expected for areas of higher mofsture content.
- A rough order of magnitude estimate from thesce data {s that the anomalous
areas are associated with a 20 percent {ncrease in thermal inertia and a 5 to
10 percent decrease {n the total count values. The thermal inertia of sofls
increasnes rapidly with increasing soil moisture content and the effect can be
estimated for low moisture contents by considering only that funcrease due to
density and specific heat capacity. The ratio of the fractional change in
thermal inertia to density is just one half the ratio of the specific heat
capacity of water to soil or approximately 2.5, Thus a 20 percent fncreasc in
thermal inertia could be produced by a soll woisture change which increases
the deusity by B8 percent (and decreases the tota) count by an egquivalent
percent),

To examine the basin further, two northwest=southeast profiles across the
20 August dwage (fig. 0, profiles A=-A', B-8') were constructeds These pruo-
files enabled us to look in detail (pixel level) at variations in thermal-
inertia values and to examine relationships between temperature or thermal-
inertin patterns and topography. Topographic data were taken from 1:250,000
USGS base maps with a contour {nterval of 200 feet. Figures 9 through 14 show
profiles of thermal-inertia, elevation, and topographic gradient along lines
A-A' and B-B'.

The p;ofiles on A~A' have several {nteresting features. The line begins
in the Wasatch Formation at the northwest end, and thermal-inertia wvalucs

(fig. 9) decline into a broad low, about coincident with the Powder River
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drainage seen so clearly in the topographic profile (fig. 10, 1ll1), and then
rise. This low approximately marks the basin axis, and the adjacent slopes of
the thernal-inertia profile show the character of the upper part of the
Gllltch on either side of that axis. The topography itself is somewhat dif=-
ferent on opposite flanks of the Powder River dreinage, and this probably
explains the previous observation that the night-temperature image showed the
two flanks differently, even though the thermal—-inertia image indicated the
two flanks to be underlain by similar material. The flanks have different
slopes and bed dips, and the western flank generally is dissected more sharply
and deeply than the eastern flank. At the next large drainage east of the
Powder River, the thermal-inertia profile breaks sharply, suggesting either a
previously unmapped lower unit of the Wasatch or a sharp change to the some-
what finer grained facies which has been noted in the lower part of the forma-
tion. Along this profile the Fort Union Formation has a roughly estimated
average value of 1425 TIU, as compared with an equally rough, general average
of the Wasatch of 1625 TlU. This difference is about what would be expected
from the compositions of the two formations, although they are rather nonuni-
form on the scale of the whole basin. The "typical" areas of Fort Union and
Wasatch that were sampled gave values of 1450 TIU and 1525 TIlU, respective-
ly. A sharp bdreak in the thermal-inertia profile occurs between the two
formations, but it falls 4 to 5 km west of the contact as shown on the geo-
logic map. A break or dip also ocrurs in the profile at the contact of the
upper (Lebo Shale) and lower (Tullock) members of the Fort Union, but overall
the members have about the same thermal inertia. The elevation profile shows

a marked change in character of topography from Wasutch to Fort Union, as does
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the topographic-gradient profile. The warm north-south zone is a narrow but
prominent thersal-inertis spike in the lower part of the Lebo Shale Member of
the Fort Unions The Pierre Shale has the lowest thermal-inertia of any units
along the profile (about 1330 TIU), in huge contrast with the adjacent spikes
vhich mark Keyhole Reservoir.

Line B-B' presents a rather different character in the profiles. The
Wasatch thermal inertia (fig. 12) is not at all like that on line A-A'; most
of its width on line B-B' is an area of unexplainedly low values which mark a
very distinctive and nonrepresentative area within the widespread formation.
Wasatch with relatively normal-appearing thermal-inertia image character
appears next to the cloud area at the northwest end of the line; there 1its
estimated average thermal inertia is 1550 TIU, only 5 percent different from
that seen on line A-A'. The area of low values does not appear to be related
to microclimatic factors, nor to any geologic feature cf which we are aware.
For example, neither here nor elsewhere in the image area do thermal-inertia
values closely and consistently correspond with the inferred lithofacies areas
delineated in Landsat images. On this line, the Lebo Shale Member of the Fort
Unfon has a roughly estimated thermal dinertia of 1750 TIU, higher than the
representative Wasatch values. Most of this is in the broadest part of the
north-south warm 2zone, however, so the values almost certainly do not repre-
sent normal character. The Tullock Member of the Fort Union is estimated at
1300 TIU, almost 10 percent lower than the Fort Union of line A-A'. Such a
change is believed to be both real and significant in terms of the geology,
but no data are available as to possible lithologic changes of the unit be-

tween the two profile areas. The Pierre Shale has a thermal inertia of 1260
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TIU, about 3 percent less than observed on line A-A', and again the lowest
values of any geologic units on the profile. liigh and highly variable thermal
inertia 1is eeen in the Blazv Hills portion of the profile as expected in an
.ares of alternating high vegetation density and bare rock exposures.

From this analysis, it appears that thermal data, especially when coupled
with topographic information, can aid materially in discriminating geologic
formation and meaber differences, even (as in the Powder River Basin) where
units are so variable and exposures so poor that geologists have had real
problems or have been unsuccessful in such efforts. It asppears that thermal-
inertia differences of perhaps as little as 5 percent, and certainly 10-15
percent, can be delineated and used in aapping, probably in terms of both rock
units and generalized soils chara_teristics. So far, patterns seen in ther-
mal-inertia images do not match with vegetation patterns seen in Landsat
images and believed to correspond to subtle facies differences. This problem
needs further investigation; it may relate to difference in resolution of the
two satellites and to differences in depths "seen” by thermal-inertia measure-

ments and vegetation root systems.

2,3.1.2 Geomorphic domains and linear features

An interesting and important aspect of using thermal-inertia images is
that erroneous impressions gained from temperature patterns are corrected and
a truer picture cf surface properties obtained. This is particularly true of
night thermal data. For example, the very warm zone ayound the Black Hills in
the night image (fig. 6) disappears in the thermal-irertia image (fig. 7), and

a whole new pattern emerges. The contrast of opposite flanks of the Powder
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River also disappears, indicating no basic difference in geologic materials
across the river. Thus we can use thermal, slbedo, and thermal~inertia data
in concert to separate physical properties differences (integrated over the
>-top decimeter of the soil or rock profile) from those effects due to such
parameters as slops, altitude, and surface reflectance.

For the units underlying most of the Powder River Basin, presently avail-
sble thermal data and derived products show many unexplained patterns, some of
which probably were due to transient (and now untrackable) atmospheric
events. Others, however, are believed to reveal real differences in the
geologic materials, but current maps in general do not offer a sufficiently
decailed base for correlation. Certainly some correlations are found with
Landsat-mapped lithofacies, but more day-night pairs covering varying moisture
cycles would have been necessary to see through such "noise” as windblown
sand, surface-wind cooling patterns, and local moisture variations.

Linear features, often long reaches of streams that appear straight at
HCMM resolution, are readily defined in the night iwmages. Many of these
coincide with breaks or trends in contoured aeromagnetic datu, suggesting that
basement tectonic elements have printed through the thick sedimentary sequence
to control stream courses. This implies that during sedimentation at earlier
times, such features effected some control of sedimentary depositional pat-
terns a conclusion recently elaborated for the Powder River Basin (Slack,
1981).

The most remarkable, previognly unrecognized, linear feature appears
prominently on the night image of 5 and 27 September (figs. 4 and 15) and also

20 August (fig. 6). Although it is not recognizable as a discrete linear
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feature on Landsat images (fig. i6a), topographic data (fig. 16b) show this
lineament as a subtle drainage divide trending about N55°E. On the thermal
images the gouthward-facing side is cooler by 3° or 4° C, and on the 20 August
thermal~inertia image (fig. 7), the south side has a 17 percent lower thermal
1nertia (1215 TIU) than the north side (1460 TIU). Thus, the feature corre-
lates with a subdued drainage divide but 1t cannot appear due to the slope
effect and must represent - at least in part - a physical property difference
across the divide. There is no explanation in existing geologic maps (at
scales froa 1:24,000 to 1:500,000) for this feature or why it separates tem-
perature and topographic domains. The divide 1is parallel to the prevailing
wind direction from the west-south-west as shown in eolian deposits south of
the divide. Moreover, the divide also marks a change in direction of wind
deposition; deposits to the north are laid down by winds from the north-
northwest. It is possible that the relatively common eolian sand cover south
of the divide has controlled drainage habit creating the distinctive topo-
graphic texture, and the sandy veneer might possibly cause the domain to have
lower thermal inertia due to lower moisture retention. It is not likely,
however, that the divide lineament itself is wind related. Extended to the
northeast, it continues through the linear gap (of the same strike) between
the Black Hills and the Bear Lodge Mountains. More important, it directly
overlies one of the most significant breaks (fig. 17) in the aeromagnetic-map
pattern (U.S. Dept. of Energy, 1979 a, b, and c) of the whole area, it is
parallel to and roughly coincident with an inflection in the ground-water
temperatures of the Madison Limestone (fig. 18), and its trend passes through

several Tertiary intrusives (fig. 19) and possibly even through Lead, South
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Drainage
divide

Big Horn
Mountains

Figure 18b.--I1luminated topography image of the
Powder River Basin, Wyo., showing the
drainage divide which is coincident with
the thermal! lineament.The image was
computed with a solar declination of
-7.8 degrees and a local time of 0830
hrs.



Figure 17.-- Total intensity magnetic field formline
map, central Powder River Basin,
Wyo.(U.S.Dept of Energy, 1878Se-d). The
heavy black 1ine shows the position of
the thermal l{neament.

43



106 ° 104°

45°

43°

0
L

Figure 18.-- Ground water temperatures in the Madfison
Limestone and equivalent rocks (Head aro
others, 1978). Heavy black line indficates
position of the therma! lineament.

44

C c'- \. e '4 ‘,A‘Y
OF rovit X



Lenc ,S.Dek,

Tertiary intrusive rocks

BN STRUCTURAL LINEAMENTS

HCMM  LINEAMENT
HYDROCARBON PRODUCTION

@S Upper part of Muddy Sandstone

— =4 Lower part of Muddy Sandstone

0 S0KM
 E—

Figure 18.-- Location of the thermal lineament with

respect to structural
(Slack,1881)

Wyo .

linsaments
fin the Powder River Basin,

45



Dakota location of the Homestake Mine. 1In addition, stress measurements at
Lead (Aggson and Hooker, 1980) imply that the preferred direction for normal
faulting would be N50°E, virtually coi{ncident with the orientation of the
Ehcrnal lineament. Together these picces of information provide permissive
evidence for structural contzol relating to this feature. A recently pub-
lished paper (Slack, 1981) presents substantial corroboration for the con-
trol. Using subsurface data, Slack proposes that a series ol northeast-
trending structural lineaments (fig. 19), which he calls the Belle Fourche
Arch, have controlled sedimentation in this area and played an important role
in determining hydrocarbon accumulation in the southern Powder River Basin.
One of his lineaments, Gose Butte, is coincident with part of the thermal
feature (fig. 19). Additional supportive evidence for structural control is
reflected in the shape of the hydrocarbon producing horizons of the upper and
lower parts of the Muddy Sandstone of Cretaceous age (fig. 19).

There is further corroborative satellite evidence for our explanation of
the primary cause of the thermal lineament as a thermal-inertia contrast
between dissimilar materials. The feature can be seen on two daytime Defense
Meteorological Satellite Program (DMSP) thermal satellite images (near noon)
and cannot be seen on a nighttime NOAA-5 thermal satellite image (near 9
pm). This latter image 18 acquired near the time when thermal data should
largely be insensitive to thermal-inertia differences because it occurs near
the crossing times of the diurnal curves.

We also examined USGCS aircraft data across the lineament. lthough we
had not previously recognized the feature on these data, a very subtle thermal

contrast could be observed in the vicinity of the lineament. Largely because
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of the slight temperature difference and the regional extent of the feature,
it was not recognized on the aircraft data, and this result illustrates con-
vincingly the potential power of regional thermal watellite data over aircraft
. hata for structural-tectonic analysis.

A second, parallel lineament, not a stream divide but separating surface-
textural domains, occurs 30 km to the south (figs. 4 and 15) and also overlies
an obvious aeromagnetic break. These features appear to mark fundamental
structural elements of the southern Powder River Basin and are newly rcecog-
nized in HCMM data. To the north, parallel lineaments are marked in the
images by the Belle Fourche and Little Missouri Rivers.

Information other than on geologic units per se can be gained from these
images, most particularly in the demarcation of geomorphic (topographic-
temperature) domains and in the discrimination of linear features. Night
images are particularly useful in this regard. The 20 August 1978 image (fig.
6) provides very clear definition of major areas of distinctive topography,
commonly linked with distinctive temperature patterns. The north and south
halves of the basin are distinctly different; the areas east and northeast of
the Black Hills differ from each other and from the domains of the basin.
Other finer-scale units also are evident. These do not match the mapped
geology and, like many geomorphic provinces, are products of a complex devel-
opment history tied to more factors than the underlying bedrock. We believe
that important information can be gained in this aspect of the HCMM images,
especially in wunderstanding surface processes during Tertiary and later

time. Such information also may lead an understanding of near-surface ground-

water hydrology across large, diverse areas. We have examined the domains
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from the points of view of mapped gesology, gruund-water chemistry, mineral and
hydrocarbon resources, and tectonic framework, and correspondences are not

readily apparent. This 4is an aspect of the mission data that we did not

originally anticipate. However, Schneider and others (1979) showed that the

NOAA (National Oceanic and Aeronautics Administration) satellite VHRR (Very
High Resolution Radiometer) data with 900-m resolution permitted the defining
of geomorphic domains very clearly. This work and our present observations
suggest that careful consideration of satellite thermal image data by geomor-

phologists and hydrologists should be undertaken.

2,3.2 Application to resource studies

2,3,2,1 04l and gas

It was hypothesized that a few oil and gas fields of the Powder River
Basin had enough leakage of gas, probably mostly COZ. that calcite cementation
would have occurred near the surface to make the bedrock more resistant,
possibtly to form local topographic highs. A few fields do indeed underlie
local topographic highs, but this could be fortuitous, and no evidence of
leakage and cementation has been cited in the literature. However, a recon-
naissance survey of soil-gas helium shows 37 significant helium anomalies
within the Wyoming portion of the bhasin (fig. 20), where most of the oil and
gas occurs. The reconnaissance scale of helium sampling does not permit an
accurate comparison with individual occurrences of oil and gas except for the
largest fields, but it can be said that all but five of the helium anomalies

occur over oil and gas fields, and those five are near producing fields. Many
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0il and gas fields do not have overlying helius anomalies, and the implication
is considered to be that some fields leak gases upward and many more do not.
Perhaps 15-20 percent of oil or gas fields might be considered to have leaked
helium, although that number might easily prove twice as large if more de-
tailed sampling were done. The percentage of fields where gases may have
produced cementation, especially enough to cause detectable changes in sur-
face-temperature character, clearly would be expected to be small. Thus, it
is encouraging to note that visual discrimination suggests thermal-inertia
anomalies (20 August image, fig. 7) for 9 out of the 37 areas vith anomalous
heliun values (fig. 20). These areas have consistently and noticeably higher
values than the surrounding areas, in keeping with expectations if cementation
is locally increased. Most of the areas do not have noticeably different
topography than their surroundings. Two of the helium-thermal-inertia areas
do not overlie known oil or gas fields but both are surrounded by fields and
have several dry holes within the areas. The dry holes may have had only
subeconomic shows of o0il or gas, in which case leakage to the surface may
still have occurred; or perhaps holes simply have not been drilled in the
right places. The two areally largest helium anomalies, one over a giant gas
field and the other in one over the “"barren” areas just described, are marked
by fairly distinct oval rings in the thermal-inertia pattern.

Helium anomalies are numerous and areally large in the Montana portion of
the basin. They occur in & roughly defined ring which corresponds to the
perimeter of a roughly circular area of distinctive topography 75 km wide and
approximately bhisected by the Powder River. This area is virtually without

oi’-gas production and few wells are shown on available source maps. But the
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helium anomalies correspond to the ring of very warm areas seen in the night
20 August image. We know of no reason to expect such helium snomalies in this
region except in asssociation with oil and gas, and the wars areas are mostly
.;rcnl of outcrop, perhaps where cementation is increased. Information has not
yet been found on facies in the subsurface rocks that might contain oil and
gas. If the facies are not truly favorable, uneconomic amounts of oil and gas
might have been present and leakage could have occurred. 1f the facies are
favorable, the area deserves a closer look for exploration.

An additional point of interest 1s the possible relationship of HCMM
lineanments and oil-gas occurrence. The major thermal lineaments transecting
the southern part of the basin (fig. 21) define a block that contains most of
the significant helium anomalies. Trends in the helium anomalies as contoured
from present data commonly parallel HCMM lineaments. The two largest filelds,
Fiddler Creek and Clareton, are long and narrow and parallel in trend (and
between) the basin-transecting thermal lineaments. The west end of the Clare~
ton field ends in a prominent fork, with the southern one of the main linea-

ments passing through the fork junction.

2.3.2.,2 Uranium

The uranium districts of the Powder River Basin (fig. 20) have local
areas of surface alteration as large as 5 by 7 kme These, however, are ex-
posed discontinuously, and differ only slightly in lithologic character and
thermal properties relative to the surrounding unaltered ground. 1f the
bedrock were totally exposed, an increase in thermal inertia of perhaps 10

percent might make the altered ground detectable. In any case, the only
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thermal=-inertia data set does not cover the main uranium areas; the 20 August
data end east of the districts or have clouds over the fringe areas where
uranium ground occurs. We have examined low-altitude aircraft th rmal data
for the altered ground, and so far "noise” (soil cover, windblown sand, local
topography, and moisture variations) seems to completely overwhelm "signal”

related to the discrimination problem.

2.3.2.3 Geothermal flux

Another aspect of our study is to examine the utility of HCMM data for
geothermal flux mapping. We found that the underground coal fires now burning
north of Sheridan, Wyo., are detectable (barely) on nighttime HCMM thermal
images. Comparison with a wosaic of aircraft thermal images of this area
(fige. 22) illustrates the scale effects on the appearance of small geothermal
anomalies. On the aircraft data the anomalies have a sharp, clearly defined
pattern, whereas the satellite data show an indistinct pattern which is not
distinguishable from geologic and topographic effects. Also, the satellite
appearance of drainage features is distinctly different from the aircraft
data. From nighttime aircraft data, the Tongue River appears as a sharp warm
anomaly with cooler surroundings. The satellite image, because of its coarser
resolution, does not discriminate the narrow water channel, and, thus, the
drainage appears entirely as a cool zone.

To examine the expression of geothermal anomalies more fully, HCMM scenes
of Yellowstone National Park were analyzed. The region has a classic expres-
sion of most of the typical hydrothermal features of a vapor-dominated sys-

tem. A careful comparison between s nighttime image (iig. 23a) and a detailed
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map of the hydrothermal features (Smith end Christiansen, 1980) (fig. 23b) was
made using @ zoom transfer scope. The hydrothermal features commonly were not
expressed as warn anomalies (fig. 24a), and most of the warm anomalies on the
i-agco are not hydrothermal-associasted features (fig. 24b). These results
demonstrate that nighttime satellite images at this scale are unlikely to be
useful for detecting similar features elsewhere. Of greater geologic interest
was the correlation between the caldera outline, some thermal anomaly lows,
and in particular the anomaly bounded by a sharp edge (fig. 23a) which coin-
cides with that part of the gravity field map outlining the southwest side of
the caldera (fig. 25b). Although this latter anomaly is a feature with no
direct counterpart in Landsat images (fig. 25a), it may provide additional
information on the volcanic~tectonic setting. From these brief observations
we conclude that the HCMM data can be useful in understanding the regional

structural setting of geothermal fields but are not likely to be useful for

mapping hydrothermal features.

2,3.2.4 Mapping geologic units in an arid desert environment

The Cabeza Prieta area in Arizona is an ariq desert environment with
geologic units exposed at a scale suitable for discrimination in HCMM satel-
iite images. The area lies very near the uwajor copper district at Ajo and
contains old prospect developments in hydrothermally altered ground. No
detailed g5eologic mapping has been previously done of this area as it contains
a proposed Wilderness site. The main objective of our investigation has been
to extend the interpretation techniques developed in our Powder River Basin

study.

56



*$04N3803 |BWIBYIOIPAY uUMOUY O sa4njas0duey owiIIYbIN —

‘s9) |ewour 3ybju (ewesy} j0 Bupnusy —-"qbe

Sd1LMOTIA
— <o WdvM 1SVl
74 0 == 31VIA3WA3LNI
& 1SIAVM
vajjeurdx3y (q
N © &ns
° ¥ &
A J .
L
3
- °
L4 (‘!. . .
/S o
e
’
§.
Q =

a SONTUNNI0EAIS NwL 34471000
IIGVHS INOUNT LS TANI
' 4 SOUNTBHKdANS NUHL d3WNITM
uoj 3eue 1 dx3y
4 lm..m * -
) e
* -
‘e
o g
N
é v
t.
G.w‘..
o & O
o - .
S ¥ i
.Vot‘ J.-w““\

o4nb) 3

‘up2 94nf} 4

ce

57




Z ¢

‘(0861 ‘uesuw|3s|Jyd PUT Y3 jws) s4nojuod PO} A3jARaY

*pouj} |ANO SO} Jtpunoq waud
suoj3smo| |9A 30 oBew; jespue’

puUT RJEP|ED BYI YIIM NJRJ |RUO}IEN

——+qg2 ©4nB} 4

——'ug2 ounBy 4




A thernal~inertia image (fig. 26) was constructed using the April 3 and
4, 1979 scenes (AA0342-09150-3; AA0342-20230-1, 2) with 36-h separation be-
tween the day and night acquisition times. The image was then compared to the
‘ kjo geologic map (Kahle and others, compilers, 1978) and an estimaic was made
of the thermal-inertia values of various geologic materials ktnble 1). Among
the sedimentary deposit materials, a wide range of thermal-inertia values was
found. From highest to lowest values these included a wet coal-mine dump near
Ajo (1890 TIU), active pediment areas (1360 TIU), stablilized dunes (1065-1300
TIU), and active dunes (830-1065 TIU). The most probable explanation for this
ranking is due to the strong effect of moisture content on thermal inertia.
Generally, active dunes should have the lowest thermal inertia, as observed,
owing to their low density and low capacity to retain moisture.

A somewhat surprising result was that the thermal inertias of the various
igneous rock units were measurably different, indicating a finer discrimina-
tion capability than previous laboratory data in the literature would suggest
(Watson, 1979, 198la). The literature values of thermal-inertias of igneous
rocks show no _orrelation with either composition or grain size and are indis-
tinguishable from each other. In Cabeza Prieta, however, we found that the
felsic intrusives (together with gneiss and schist) had the highest thermal
inertias (>2200 TIU), that extrusive rocks of mafic composition had intermedi-
ate thermal inertias (approximately 2000 TIU) and that extrusive rocks of less
mafic composition had the lowest thermal inertia (<1900 TIU). We believe that
the felsic intrusives have the highest thermal inertias because of their high
quartz content and high surface density and that the differences among extru-

sive rocks occur because of density differences associeted with the amount of

59



115°

Salton Sea-

Glla River

60

Gulf of Caltforniad

ORIC!

O.C I'\,\.

Figure 26.-- Thermal-finertia image, April 3/4, 1979 of Cabeza Prieta, Artz.

100 Km
|




Table l.——Estimates of thermal inertia of various geologic materials

Geologic Material

Thernmal lnertiz (TIU)

mean range

Active Dunes 945 (830-1065)
Partially stabilized dunes 1240

Cluster dunes 1180 (1065-1300)
Active pediment slope 1360 (1300-1475)
Wet mine dump (Ajo) 1890

Granite, gneiss, schist 2200 (1975=-2525)
Mixed intermediate to mafic 1750 (1550-1950)

volcanic rocks
Basalt 1950 (1700-2299)
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volatiles present during their formation and their mafic content. Although
these values are suggestive of the possibility of discriminating among the
various units, the large overlep in the range of values (histograms) indicates
}hnt classification based solely on thermal inertia differences may not be
feasible. The overlap between the units can be attributed to several
ceuses. These units are exposed in the most rugged terrain of the region and
thus topographic effects are most pronounced in these parts of the image. The
ground that is “"sensed"” by the technique is a weighted average over the diur-
nal thermal wavelength (approximately ! m), with the primary contribution
coming from the rock and rock fragments of the upper decimeter. Thus differ-
ences in the effects of weathering processes on the various rock types in this
environment can produce some degree of thermal-inertia differences.

Because the Powder River Basin was relatively flat terrain the topograph-
ic effects were not sufficiently important to be considered. In the Cabeza
Prieta area, however, slopes in excess of 20° can be found. To examine the
contribution of topography, the thermal inertia measured from remote observa-
tions we considered the aspects of elevation and slope separately. Tﬁe eleva-
tion factor due to changes in the solar and sky radiation, has been exanined
and used to predict the equivalent change in the effective thermal inertia
(i.e., that derived from remote rather than in situ measurement) as a function
of elevation (Hummer-Miller, 198lb). The effective thermal-inertia gradient
under clear-sky conditions should be roughly 100 TIU per kilometer. In Cabeza
Prieta, where the maximum relief is 700 m, this maximum correction is only 70
TIU and the factor is additive for increasing elevation (i.e., rocks at higher

elevations will appear in the image to have lower thermal inertias).
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The slope factor was evaluated by using an algorithm recently developed
(Watson, 198]1b). The turn has an szimuthal variation proportional to cos(: -
37.6°) where ¢ 1s the diraction of slope measured counterclockwise from north,
-and thus ridges with an axial orientation of roughly N4O%W will display a
minimal topographic effect. The most consistent topographic grain {n the
Cabeza Prieta area is northwest-southeast and thus generally satisfies this
constraint. The correction can amount to several hundred TlU's for slopes in
excess of ten degrees and orientations orthogonal to N40°W (i.e., NSO°E).

The primary intent of this study area was to examine correlations between
thermal~inertia values and a variety of common rock types exposed in an arid
area. In the process of this analysis we also observed, on the night thermal
image, a number of linear features associated with known major faults (San
Andreas fault, Garlock fault) and the absence of lineaments in an area near
Gila Bend which is noted for the absence of structural features (Gila gap).
We also were able to determine a measure of the satellite's spatial frequency
response (and thus its ability to detect high-contrast linear features) by the

observation that Interstate-10 from Gila Bend to Yuma was observable.

3.0 MODEL DEVELOPMENT

Several advances have been made in the development of techniques to
analyze thermal-infrared data. An algorithm to determine the sensible-heat
flux from simple field measurements (wind speed, air and ground temperatures)
has been developed. It provides a direct solution, in parametric form, that
can be displayed graphically or tabularly. This method has an advantage over

the previous iterative solution in that the computation is both very fast and

63



it also provides a clearer understanding of the drag coefficient, with f{tg
variation and response to different conditions. At low wind speeds the drag
focfflcicnt cannot be treated as a constant. Both the computational speed and
analysis of the drag coefficient can dbe importest for remote-sensing applica-
tions involving thermal scanner data (Watson, 1980).

A substantial advance was the development of a method, based solely on
remote-sensing data, to estimate those meteorological effects which must be
known for thermal-inertia mapping. 1t assumes that the atmospheric fluxes aru
spatially invariant and that the solar, eky, and sensible heat fluxes can be
approximated by a simple mathematical form. Coefficients are determined from
a least-squares method by fitting observational data to our thermal model. A
comparison between field measurements and the model-derived flux shows that
good agreement can be achieved. An analysis of the limitations of the method
was also made (Watson and Hummer-Miller, 198la).

This new method of estimating atmospheric parameters was the basis for a

revised thermal-inertia algorithm (Watson, 198la). The new form is:

Pyy = (P+ &V +C( ,¢) ('A-Aijn/:.v1j
wvhere Aij and Avij are the corresponding albedo and temperature difference of
the ith pixel and jth line. A and V are the mean values for the area in
question, and P is a select value for the mean thermal inertia (generally 1500
TIU). C(.,8) 1s a function of the site latitude, A, and the solar declina-
tion, 8. The advantage of this algorithm lies in the fact that we are dealing
with albedo and thermal differences rather than absolute values. Thus, the

computed thermal inertia is less sensitive to offsets caused by calibration
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errors or atmospheric backscattering and transmission effects.

Other modeling studies centered around developing an algorithm for eleva-
tion correction of temperature and thermal~inertia images (Hummer-Miller,
.19Blb). They are based on application of the linearized Fourier series method
(Watson, 1975; Watson, 1979) to simple forms of the solar flux (Hummer-=Miller,
198la) derived from a representative set of field observations. It was found
that flux variations with elevation can cause changes in the mean diurnal
temperature gradient from =4° to =14° C per km (evaluated at 2000 m). Changes
{n the temperature-difference gradient of 1°-2° per km are also produced and
these are equivalent to an effective thermal-inertia gradient of 100 TIU per
km.

In addition, a sinmple topographic slope correction method has been devel-
oped using the linrarized thermal model and assuming slopes less than about
20°  The correction can be used to analyze individual thermal images or
composite products such as temperature difference or thermal inertia. Simple
curves were determined for latitudes of 30° and 50° (Watson, 198lb). The form
1s easily adapted for analysis of HCMM images using the DMA (Defense Mapping
Agency) digital terrain data (Watson, 198lb).

A major concern in this investigation has been the accurate registration
of day and night images. We have developed an image-registration algorithm
which appears to be substuntially better than the current registration prod-
ucts provided by NASA (Watson and others, 1981). The initial test of this
algorithm used the 20 August 1978 data of the Powder River Basin. A small

nunber, less than ten, of very clearly delineated features, generally the

water-dam interfaces of reservoirs, were selected as control. Subsequently,
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an affine transformation was determined by best fitting these points. Our
first test indicates a residual error of < 2 pixels. The NASA product for the
sane ecene displays errors of many pixels resulting in “"double drainage”
‘effects and an offset of several kilometers.

During the initial stages of our experimentation with control points, we
expected that the drainage pattern in the Powder River Basin was substantial
enough to prov Je extensive control for registration. We discovered, however,
that drainages are often unreliable identification features and the resulting
control points were too inaccurate to provide the transformation coordi-
nates. We also experimented with cross-correlation techniques in the Cabeza
Prieta area but were unsuccessful owing to the strong topographic grain. The
affine trancformation which we employed has the additional advantage that {t

can be adapted to very fast computer processing schemes (Braccini and Marino,

1980).

4.0 DIGITAL IMAGE PROCESSING

This section presents an outline of the image processing techniques used
in this study. Figure 27 is a simplified flow diagram of the basic processing
steps; the computer programs referenced in this diagram are included in Ap-
pendix A. The initial processing involves obtaining the HCMM computer=-
compatible tapes (CCT) and altering the data format to be consistent with our
computer software. Sometimes the area of interest spans two scenes and,
consequently, nust be appended into a single file. To produce enhanced images
of these products, the appropriate area of the image is statistically sampled

to form a histogram and to derive the wmean, median, mode, variance, standard
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deviation, and cumulative fiequencies. With thess statistics a decision 1is
made as to how the scene contrast should be enhanced using an appropriate
transformation of the scene brightness. From our experience a 1 or at most 2
percent linear stretch of the data produces a good starting point. Thus the 1
or 2 percent and 98 or 99 percent points are transformed linearly to the
extremes of a 256-step gray scale () and 255) and the center density value
(Dn) of the distribution 1is transformed linearly to the center of the gray
scale (127 Dn). Other useful products include linear stretches on paper where
a ingle print character is assigned for each Dn value and color-coding on
fiia.

The next processing operation is performed to register the night-thermal
file to the day files. This operation, including a ciscussion of the general
considerations, are detailed in Watson and others (198l1). Control features
are selected from the positive transparency images produced from the CCT and
locations arc measured to one pixel accuracy. These values are then used to
determine the affine coefficients for a best-fit transformation (REGALG).
This transformation provides a rotation correction for the inclined satellite
orbital tracks, an origin shift, and scale changes both along and across the
scan line. The actual registration of the night file is then performed using
the affine transformation coefficients in the GEOMX4 computer program. This
program assigns radiometric values to the newly registered image 2mploving a
nearest-neighbor method.

At this stage the data are in the appropriate format for thermal-inertia
and temperature~difference mapping. The algorithms which we use (Watson,

1981a) employ average scene values of albedo, day temperature, and night
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temperature. The portion of the scene from which these values are determined
is based on the assumption of atmospheric invariance and thus, as a minimum
constraint must be cloud-free on both images. The program RAPFIT is then used
, ;o compute the appropriate coefficients for this algorithm, and the program
BCMTIDT 4s employed to construct both temperature-difference and thermal
inertia files. The resulting files are then processed using these techniques
described in the beginning paragraph of 4.0.

Another analysis technique used in this study is to construct profiles
across the image data. The end points of particular profiles are chosen and
digital values along the line are obtained for all products: day reflectance,
day thermal, registered night thermal, and thermal inertia using a nearest-
neisrbor algorithm. The corresponding elevation profile is obtained by digi-
tizing the appropriate portion of a 1:250,000 topographic map and adjusting it
to match the satellite data. This task is made easier if the profiles cross
distinct features such as reservoirs and rivers. After the elevation data are
registered to the satellite data, the p ogram PROFLE is ueed to plot the
profiles and cross plot pairs of data values. The profiles can be plotted st
various scales and thus directly overlaid on any base material for compari-
son. The cross-plotting option is valuable for examining correlations (for

example, we observed that the day thermal versus elevation data fit the adisx

batic lapse rate).
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5.1 APPERDIXES
Listings of the following computer programs described in section 4.0

follow:

REGALG
RAPF1T
GEOMX4
HCMTIDT

PROFLE
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30 ) AMEGALG To compute best fit affine transfornation for HCMM regist,
20 i Progtam language is extenoea Basic,
b 1V i Proyram written by K.matson
40 © OPTION BASE )
50 STARDARD
(1) INTEGER 1,Prainter
n DIM x0)u(IV0) ,¥Y0)o()O0U) , Xnew()00),Ynew()00) NameS|50),S(3),R{3),XL{)0D),¥Yt{)00),GS{EL),o0un
(JUO).P:)(C).LII(‘)
PRINTER 15 lo
90 LINFUT "DO yoOu wish tO reao ar input file Y o5 enter values manually N® ,Ahnz$
100 IF An2$s"Y” THEN GOTO 130
110 LINPUT "Do you with to store an input file ¥ of N®",Any$
120 1F Any$s"N® THEN GOTO 350
130 LINPUT "Enter Filename for Day(newj points®,Filel$
J40 IF Any$s®y® THEN CREATE Filel$,)0
150 LINPUT "Ernter Filename for Nite(old) points® ,File2$
160 IF Any$s"Y"™ THER CREATE File2$5,10
I 1F Any$="Y" THEN GOTOD 350
180 ASSIGN 31 TO Filels
190 READ ¢1;N
200 Nnuwt=N
210 REDIM Counter (N}
220 READ ¢)1G$ f Inplies & title which 18 ignored
230 FOR 1=] TO N
240 READ ¢l;Yriew(]l),Xnew(l)
250 Counter(1)=1
260 NEXT 1
2N ASSIGN ¢1 TO Filel$
260 ASSIGN #1 TO File2$
25U READ #);Jmax
300  READ ¢):G$ i lgnored title
310 FOR 1=] TO N
320 READ #l;Yelo(l) ,X016{1)
330 NEXT I
340 GOTO %30
350 INPUT "Enter numper of control poant quadruples®,N
360 REDIM Xola(N) ,YOld(N) ,Xnew(N},Ynew(N) ,Xt(N),Yt(N), Counter (N)
370 Printerslé

3av PRINTER 18 Pranter ! For debugging
390 LINPUT "Enter a descriptive name <50 char for this registration”, Name$
400 INPUT "Enter tne maximum lines and pixels from old image" ,Lmax,Pmax

410 PRINT PAGE

420 PRINT LIN(10),SPA(5),"To enter control points use the format:*
430 PRINT * Day(new) Night{old)*®

440 PRINT * scan no,pixel no ' scan no,pixel no®

450 FOR I=) TO N

460 ! NCTE:ScansLine
470 PRINT LIN(9),SPA(20),"Contro) point:®;VALS(])

480 INPUT "Scan_new,Pixel _new,Scan_old,Pixel_old®,ynew(l) ,Xnev(l),Yold(]),Xold(I)
4%0 Counter(l) T

500 PRINT PAGE

510 NEXT I ‘

$20 Enter: PRINTER 18 ¢

L V) PRKINT PAGE

540 PRINT LIN(10) ,SPA(15)," DATA CHECK®

550 PRINT "Control no NEw oLD*® .

560 PRINT * Line Pixel Line Pixel®
570 FOR 1=]1 TC N :

$80 PRINT USING 59%0;Counter(]),Ynew(]l),xnew(l),Yola{l),x0ld(])

74



59V
00
610
620
630-
640
650
660
670
660
690
700
710
2
730
740
7%
760
770
760
750
600
810
820
830
640
650
860
870
860
890
900
810
920
930
940
950
960
970
960
990
100C
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180

IMAGEIDDD. 6% ,00DDDDD, 4X,DDDDODD, 6X%,DDDDDDD,6X,DDDDDDD
NEAT

LILPUT ®Ate values correct =Y of N ?2° ,Ans$

1F Ans$(),))="Y* THEN GOTO Cont

INPUT "Do you wish to oelete values YES or NO ?" A4S
IF AGgS(1,))<>"Y" THEN GOTO B4V

INPUT "How many controls to delete ?°,Nunves

DIM Check{50)

REDIM Cneck (Numbper)

PRINT “Entet control numbers in any order”

MAT INPUT Check

MAT SORT Check(*) UDES

FOR 2s) TO liumber

Neh-)

MAT SEARCH Countes(®),LlOC(Cneck(2));lstart

FOR Islstart TO N

x0la{l)sxola(1+4})

Yyolo(l)s=Yola(l+l)

Xnew(l)sXnew(l+¢l)

Ynir(l)=synew(l+l)

Counter(l)=Counter{l+]l)

NEXT 1

NEXT 2

REDIM X01Gd(N),Xnew(N),Yold(N),Ynew(N)

GOTO 530

INPUT "Enter control number for incorrect values® , K
PRINT LIN(20) ,SPA(5),"Ynew,Xnew,Yold, Xold=" ;Ynew(K),Xnew(K),Yold(K),Xo0ld(K)
INFUT "Enter correct values for all 4 patameters® ,Ynew(K),”new(K),Yold(K),Xo0ld(K)
GOTO 530

Cont: LINPUT "Do you wish to list control points on printex. " ,List$

IF List$[),1)}<>"Y" THEN GOTO 980
PRINTER 18 O
PRINT "Control no NEW oLp*®
PRINT * Line Pixel Line Pixel®
FOR I=] TO N
PRINT USING 590;Counter (I),Ynew(]),Xnew(1),Yold(1),x0ld(1)
IMAGE DDD, 7X,DDDDD,2X,DDDDD, 9X,DDDDD,2X,DDDDD
NEXT 1
PRINT LIN(5)
CALL Bialinear(Xnew(®),Ynew(®),X0ld(*),R(*),N)
CALL Bilinear(Xnew(®*),¥Ynew(*),Yold(*),S(*),N)
! wnere: XoldsR(l)*Xnew+R(2)*Ynew+R(3)
| YoldsS(l)*Xnew+S(2)*Ynew+S (3)
{ Thus to transform a night image the new DN values are computed:
{ DNnew(Pixel,Line)=DNold (P,L)
{ where PsR(1)*Pixel+R(2)*Line+R(3)
| and Ls=sS(l)*Pixel+S(2)*Line+5(3)
PRINTER 1S 0
Dell2=R{1)*S(2)-S(1)*R(2)
Dell3=R(3)*S(1)-S(3)*R(1)
Del23«R({2)*S(3)-R(3)*S(2)
Pxl (1)=S(2)-R(2)
Px1(2)=S(2)*Prax~-R(2)
Pxl(3)sS(2)*Pmax-R(2) *Lmax
Px)(4)=S(2)~R(2)*Lmax
Lxl(1)=R(1)~-S(1)
Lx1(2)=R(1)-S(1)*Pmax
Lx)l (3)=R())*Lmax-S())*Pmax
Lx)(4)=R(1)*Lmax-5(1)
MAT Lxl=Lx)+(Dell3)

ORIGIAL PAGE 15
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il

1190 MAT Lx)sLxl/(Del}2)

1200 MAT PxlepPax)+¢(Deli))

1210 MAT Px)sPx)/(Dell)2)

1220 MAT SEARCH Px)(®) ,MAX;Pxmax

1230 MAT SEARCH Pxl(°®) MIN;Pxmin

1240 MAT SEARCH Lxl}{*),MAX:Lxmax

3250 MAT SEARCH Lx3(®*),MIN;Lxmin

1260 DpixsPxmax-Pxmine]

1270 Dlinslamax=-Lxmine)

1280 AlphasR())* (Pxmin-})+R(2)*(Lxmin=1)4R(3I)
1290 BetaesS(l)*(Pxmin-))eS(2)°*(Lxmin=-1)45(3)
1300 C2=alpha*sS(2)-Beta*R(2)

1310 ClsAlpnats(l)~Becta*R(1)

1320 Pix_old _means=SUM(Xold)/N

1330 Pix new meansSUM(Xnew)/N

1340 Lin_new_means=SUM(Ynew)/N

1330 Lan_olo_mean=SUM{Yold)/N

1360 Delspell2

1370 Paix_otfe5(2)/Del*Pix old_mean-R(2)/Del*Lin old_mean-C2/Del-Pix_new mean
1380 Lin_oifs-(S())/Del)*Fix_Gld_mean+R(1)/Del*Lin_Gld_mean+C3/Del-Lin_few_ncan
1390 Cos thetas(R(1)4S(2))/2 -
1400 San_tneta=(S(1)-R(2))/2

J410 DEG

1420 ThetasATN(Sin_theta/Cos_theta)

1430 Mag_x=SuR(R()T-2+5(1)72)

1440 Mag_y=SQR(R(2)"245(2) “2)

1450 PRINT "SOLUTION FOR:"®

1460 FRINT Name$

1470 PRINT

1460 PRINT "Original inage is ®;Prax;" pixels by ";Lmax;" lines."

1490 PRINT

1500 PRINT '
1510 STANDARD

1520  PRINT "Rs";R());R(2);Algna

1530 PRINT

1540 PRINT "S=";S5(1);5(2);:;Beta

1550 PRINT

1560 PRINT "BK moc:R{3)= ";R(3):" S(3)= *;5(3)

1570 PRINT .

1580 PRINT ®"where: Dhnew(Pixel,Line)s=DNold(P,L)"

1590 PRINT

J6U0 PRINT ° P=R())*Pixel+R{2)*Line+R(3I)"

1610 PRINT *® L=S{l)*Pixel+S(2)*Line+S(3)"

1620 PRINT

1630 PRIN? ® New :rage size: *;Dpix;" pixels by ";Dlin;" lines.*®
1640 PRINT

1650 PRIN1 " Mean rotation angle :%;Theta

1660 PKINT * Magnification :-X ";Mag_x;" -y ";Mag_y

1670 PRINT -

1680 PRINT ® Offset: Pixels ";Pix_off

1690 PRINT * Lines ®";Lin_off

1700 PRINTER 1S Printer

1710 Plotting: CALL Plot(®lnitial controls:®,xold(*),Yold(*), Xnew(*),Ynew(*),N,Name§, Ccunter(®)’
1720 Residualsl

1730 PRINTER 1§ 0

1740 Max_residual=0

1750 PRINT )

1760 PRINT " Control no. Yt Xt Residual®
1770 Del=Dpell2

1780 C2= Del2d

T



CleDel))
FOR 1s) TO N
Xt{l)=(xold(1)°8(2)-Yold(J)*R(2)~-C2)/Del
Yt(l)e=(X0ld(})*5())- Yold(l)'k(l) Cl)/Del
Max_reds (Xt (1)~ xnew (1)) 2¢(¥Yt(1)-Ynew(l1))"2
PRINT Counter(l),Xt(1),Yt(1),SUR(Max _fed)
Residual=Max_red+Residual
Max_ '0510ual-nAX(Mal red,Max_residusl)
IF Max _tesidualemax Teo THEN lmax _ressCounter (1)
NEXT 1~
Max_ress=SQR (Max_ fesiouval)
ReslcualsSuR(ResI0uAl/(H-1))
FIXED 2
PRINTER 15 0
PRINT
PRINT
FIXED 2
PRINT " Mean resioual vector length = ;Resxdualz pixels*®
PRINT ® Max residual vector length =";Max_tes;" pixels®;" at point ";lrmax_res
PRINT -
CALL Plot("Transformed contedls:® ,Xt(*),Yt(®),Xnew(®),Ynew(®?),N,Name§,Counter(®))
G010 Enter {
END
SUB Bilinear(X(*) . Y{(*),2(*) M(*),N)
b o Zxp())oX4M(2)Y+NM(I) LEAST SYUARES ESTIMATE FOR M
OPTION BASE )
DIM S()00,3),Transpose(3,)00),Inverse()00,)C0),0um(100,100),21(100,1),M2(3,1)
KEDIM S(N,3),Transpose(3,N),Inverse(N,N),Dum(N,N),2)(N,]))
FOR I=) TO N
S(1,))=x(1)
§(1,2)=Y(1)
S(1,3)=)
2)(1,1)s2(1)
NEXT 1
MAT TransposesTRN(S)
MAT DunsTranspose*S
MAT InversesINV(Dum)
MAT Dumslnverse*Transpose
MAT MlsDum*Zl
FOR J=} T0 3
M(J)=M1(J,))
NEXT J
SUBEND
SUB Plot(Plot_titles,Xnev('),Ynew('),xold('),Yold(').N,Names,Counter('))
OPTION BASE ]
INTEGER 1
STANDARD
PLOTTER 1S 13,"GRAPHICS®
GRAPHICS
LOCATE 5,150,%,95
MOVE 10,97
LABEL Plot_titleSs' "gName$
MAT SEARCH Xnew,MAX; Xmax
MAT SEARCH X0l4d,MAX;Xmaxl
XmaxsMAX (Xmax ,Xxmaxl)
MAT SEARCH Yold,MAX;Yymaxl
MAT SEARCH Ynew,MAX; Ymax
ymaxsMAX (Ymax ,Ymaxl)
MAT SEARCH Ynew,MIN;Ymin
MAT SEARCH YOld,MIN;Yminl



2390 YminsMIN(Ymin,Ymin})

26400 MAT SEARCH Xold,MIN;Xmin)
2410 MAT SEARCH Xnew ,MIN; Xmin
2420 _XminsMIN(Xmin,Xman))

2430 BHOW Xmin-2%,Xmax+25,Yymax¢25,ymin~-25%
2440 LINE TYPE )

3450 FRAME

2460 LORG 2

2470 CSI2E 2.5

2480 FOR 1=) TO N

2490 MOVE Xo0ld(l),Yold(l)

2500 DORAW Xnew(l),Ynew(l)

2510 Xx=Xnew(l)~-Xold (1)

2520 YysYnew(])-Yolo(l)

2530 IF Yy=0 THEK GOTO 2550
25%40 LDIR Xx,Yy

2%%0 MOVE Xnew(l),Ynew(l)

2560 IF Xx>s0 THEN LABEL ®">" ¢VALS (Counter (1))
2570 IF Xx>=0 THEN GOTO 2620
2580 LORC 8

2590 LDIR =-Xx,~-Yy

2600 LABEL VALS (Counter(1))s°<”®
2610 LORG 2

2620 NEXT 1

2630 SETGU

2640 LDIR O

2650 CSI1ZE 3.3

2660 MOVE 69,3

2670 LORG S

2680 LABEL °"CONT to continue;DUMP GRAPHICS for hard copy*®
2690 PAUSE

2700 EXIT GRAPHICS

2710 SUBEND

2720 END

1’



340
50
Jou
370
38u
3
400
41
420
430
440
450
460
470
460
490
$00
510
520
530
540
S50
$60
570
580
590

RAPFIT To perform the regional atmosphersc fitting,
Piogram language i extended BDasic,
Program wistten by K.watson
Prapping algoritim development,
ENTER: BITL LATITUDE AND SOLAR DECLINATION.
PROGRAM COMPUTLS Tday AND Tnite FOR THE HCM4 TIMLS ,
VARYING THE Tshy AND Sky_factior,
INPUT OBSERVATIONAL DATA:
Tdayo,Tniteo; Albeoco

Picons»SUR(P1°36C0°24)

OPTION BASE )

DIM Flux) (26),Temp(24) ,Pha(24) ,Flux(24),5¢13ng$(10) (60}
DIM P1(24,24),P5(24,24),Co82(24),Dev{20,20)

INTEGER ] ,K,L,Delan

DEG

| RECALL THE Phi’s,

ASSIGN ¢) TO 'Phx_m'

READ ¢): M

1F M=24 THEN GOTO 230

PRINT "ERROR & ;";M;* F VALUES = SHOULD BE 24°

STOP

READ #l1;Fhi(*)

ASSIGH ¢) TO "Phi_m"®

INFUT "Enter the site latitude(Degrees) * Latitude
INFUT "Enter the solar declination(Degreec) *,Sclar_dec
OUTPUT 9;°"R"

EWTER 9;7$

wsFl /)2

WlsFl/(12°3600)

Sowr] 360

Sigyman5,67E~8

! FIXED PAKAMLTERS,

Erissivitys)

Slepem)

Azinutn=)

Flux_ciftuces0

INPUT "Lnter the mean ocay Tenmp (DEG K) trom scene cata®,Tdayo
1sFUT "Enter tne mean nite Termp (DEG K) fiom scene cata”™,Tniteo
Cl=CCS (Latstude) *COS (Solar_oec)
Sl=51K({Latituoe)*Sli(Solar_aec)

Cosz(1)=Cl4+5)

FOF. Ks2 TO 24

Cusz (K)sCl*COS({Kk-1)*15)+5)

1F Ccs2 (K)<0 THEN Cosz(K)=0

NEAT K

CzlesIN(Slope)*SIN(AZImULN) *COS{Sclar dec)

Cz2s=COS (Latituue) *COS(Slops)-SIN(5lop€)*COS(Azimath)*SIN(Latitude)
C2:=C22°CO3 (Solar_dec)

Cz3rnln(Latituoe) *COS(Slope)+COS(Latitude)*CCS(Azimuth) *SIN{Slope)
Cz3sCz3*SIN(Sclar_oec)

INPUT "Enter mean A! »~"",Albedo

Inertia=1500

Deviationgs=)0000

Cons2slinertia/Ficons

[} LOOP PARAMETERS. FIRST LOOP

PRINTER 15 0

PRINT ® Tsky”","Sky factor*,* Deviation®

Return: PRINTER 18 Té

79

COMFUTE THE Standard Deviation for temp data -~ Shade print output,



60V
6)o0
620
N
(110
650
660
470
600
690
700
Nno
720
730
740
750
760
776
780
760
600
60
[ ¥{\]
830
40
#50
#60
670
sov
#5U
Suv
910
§20
930
940
950
960
970
98V
990
1000
Julv
1020
3030
1040V
105
1060
1070
100V
1050
3100
1110
1l
31X
3140
115
1360
1170
1)80
1190

INPUT Ty _mas® ,ToRy_max

INPUT °Teay nsn'.rsuy min

INPUT "Disay® ,Dtaky

INPUT “Say_factor_max®,Shy_factor_maa
INPUT °Bay_lacror “min®,shy " factor” _min
JHPUT "Dany_factoT*,Dany_fdctor

Dev _mine)LY”

Ken: TOR 1skysTshy_min TO Toky_max STLP Dtsky

PRINT ®Tskys® ; TSRy

Flux_sxyeSigma*Tseky 4

FOR Sy factoresny_tactor_min TO Sky_factor_max STEP Dsny factor
OUTFUT §;°A"

EKTER 9;Month,Day,Hour ,Minute,Second

PRIKT TAB(20);:"Shy_factor=®;sxy_factor,Hour;®:1";Minute
Flux_ditectssos (1-Bxy_factor)

FOR Te) TO 24

Xs(1-))*)%

Cosz) =Cosz(l)

1F Co821<0 TdEN CoOs2) =0

rluxl(l)-(l-Aloeao)'(rlux_cxttthOCoszx'rlux_GSrect)o:mxssxv;ty'tlux_suy

NEAT ]

Surs0

FOR 1=} TO 24

SursFlun)(l)+Sum

NEXT 1

Surn=Sun/M

VO'(SUR/(CmiSSlVI!y'SLQHI)’ .25
Alpnasl*Emissivity®S yma*vo”™)
Cons=Ccns/Alpna

Consi=Alphatda/3

FOR 1=] TO 24

Flux(1)=Fluxl(l)+Alpha*vo

NEAT 1

FOR 1=) TO 24

FOR h=]l TO 24

Lal-he+l

IF L<) THEN LesL+24

DeliksQ

1F 1=k TALN Deliks}
P5(1,K)=Cons2*Pna(L)+Consl*Delax

NEXT K

NEXT 1

MAT PIsINV(PS)

{ FOR4 Tenp

MAT Ten;-Pl'rlux

! REMEMEER Temp(K) is st time K-) nouts, (measured from noon)
Toays(Tenp(2)+Tenp(d))®.5

Tnites (Temp(l4)*Temp(15))°.

11= (Tohky-Tsxy _min)/Dtsny+]

Jl=(Sky_ factor- -Sxy_tactor_min)/Dsky_tactor+l
Dev(1),J))=S5uR{ (TCBY~-TGayO) “2+(Tnite-Tniteo) " 2)
Dev_min=MIN(Dev_ran, Dev (11,31))

1F Dev(1l Jl)-Dev min THEN Tsky OptsTsky

IF Dev(1),J))=Dev_min THEN Sky_Tactor_optesky factor
PRINTER 18 0

PRINT Tsexy,Sxy_factor,Dev(11,31):11;J1
PRINTER 15 16

NEXT Sky_factor

NEAT Tshy

BEEP



PRINT “Optimum (3Lt Teay " Texy
GOTL keturn

INPUT “Lnies THE J(Teay) AND J($
Teayosd)0e{lo-))*lV
Sxy_taciuros(Jo-}))*.vb

' LOOP PARAMLTLKS .,

opt.'suy lector =" ;$ny_tactor_opt

Ky loctor) VALUES®,1,J

FOR TiA)lenyo—Z TO Texyce2 STEP )

PRINT "exys™;Tany
Flur sxysSignacTexy 4

FUr Bay L eCturesay 18C10r0-.02 TO Shy_tactors.02 STLP

OVIFUT ¥i"R"
EWlLR 9;:Montn Doy,nuur.nznutc Su
FRIWT TAb(?O)x Sxy_ lcctox-':iuy

Flux_cirecte3c ,b*()-Say_taztor}

FOR Te) TC 24
Ka{l-1)*1%
CcszleCos2(l)
1F Cog2l<0 THEM Ccszl)=0
Fluxl(])=()=-Alveco)* (Flux Laftus
MWEXT
Sunrw)
FOn 1s) TO 24
Surafluxl(l)es5unmy
WEXT 1
sureSur/m
ves (Sun/ (Erissivity®sagma))®,25
Alpnas3®Emissivity®*Signacvo”3
ConssConcz/hlghna
Cornslehlpra®d/)}
FOR J=1 TO 24
Flux(1)sFluxl(l)+Alpna*ve
NEXT 1
FOR I=]1 TO 24
FCR K=] 10O 24
Lel-hel
1F L<1 THEN LsL+24
Delin=Q
1F 1=K THEN Deliks]
P5(1,K)=Cense*Fhi(L)+Consl*Delik
NEXT K
NEXT 1
MAT Pls1NV(P5)
! FOiM Termp
MAT Temp=PleFlux

! REMEMBER Tenp(K) 35 at time K-] hours, (measured ttocn noon)

Tcay=(Terg(2)+Tenp(3))*.5
Thites(Terg(l4)+Teng(15))*.5
11 (Tsky=250)/5¢1)

JlsSky factor/,05¢1

Dev(11701)*5yk((Tcay-Toayo) "2+ (Tnite-Tniteo) " 2)

PRINT Tsny ,SKy_factor ,Dev(1l,J])
WLAT Sky_ 1 sctor

NEXT Tsny

Min devs=]E]S

FOK 1=) TO 5

FOR J=) TO 6
rin_cevsrlk(Min_dev,Dev(],J))

1F Dev(l J)-Pxn dev THEN los]
NEXT J

cond
fector , Hour;®

e+Cosz]*Flux _direct) 4Emissavity Flux_sky

ORIGINAL
OF POOR QUALITY
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Jel0
Islo
ls2v
o

NLXT )
TsnysTshyos(lo=-3)°)

Bny factorsSxy_tactoro+{Jo-3)°,0)

sTOF
Enb

g2



c.
c.
c.

PROGRAM GEOMX4
eses GEPE00000000000000PP0I0UNNL0000000C00000000000000000000000000000
eeess KEMOTE EENSING ARRAY PROCLEZING FROCEDURES
seee U. €. GEMLOGICAL SURVEY,2 I'LNVER, COLOKRADO

C..... BRANCH OF FETROFHYSICZ AND REMOTE SENIING

Ce
C.

00

[
.C
1
c
‘C
C
c
c
C
Cc
c
c
C
c
c
C
c.

C.
C.

eeoe DON L. SAWATIKY

[ X XN
evee GCANNNCAGEE0NCR000C0R00GT000000020CCR00C2RRCERNNRACRRNENTEBINCGNNS

GEOMX4 GENERATES A RECTIFIED IMAGE FILE FRCM A DISTORTED IMAGE
FILE AND FROM COSFFICIENTE FOR RECTIFICATION, R AND £, DETERMINED FOR AN
AFFINE TRANZFORMATION CF THE DISTORIED FILE.
INPUT FILE STRUCTURE CUNBIETE OF A HCADER RECORD CONTAINING TWO
INTEGERS FOR LINE LENDTH, LENREC, 1IN PIXELS AND NUMEER OF LINES,
NORECE, MORECS NUMEER OF DATA RECORDT FOLLOW, EACH RECORIDN CONTAINING LENREC
BYTES OF 6-FIT DATA., CUTFUT FILE HEADER RECORD CONTAINS TWO INTEGERS OF LINC
LENGTH: NFPXOUT, AND WNUMBER OF RECORDZ, LMAX. INPLT PARAMETERZ. IFIXIN AND NP}
XIN, ALLOW TAKING A SLHEET CF THE 1NFUT FILE. OUTFUT FARAMETERS LMAX, MNP X
o AND MXPIX ARE SELECTED ON THE LINE LENGTH OF THE INPUT FILE AND LEGREE
OF ROTATION RECUIRED FCOR RECTIFICATION, SECTIONS OF THE OUTFUT FILE OF LENGTH
LMAX AND CONTAINING PIXELS MNFIX TO MXPIX ARE CGENERATED BY ONWE OR MORE 1TER
ATIONR OF THIS FRUGRAM, SECTIONS RRE CONCATENATED IN SUNSEQUENT FROCEZSING,
SECTIONING THE OUTPUT FILE 1€ DONE IN RESPONSE TO YHE MESZAGE: "INBUF ARRAY
TOO SMALL."™

e« s« DECLARATIONS
REAL R(3),S$t3)
LOGICAL®]1 INBUF(200000), OUTERUF (3000)
INTEGER FCHEIN(ES).FLBOUT(35)
e s+ SET FARAMETERS
HRITE(64.97)

99 _ FORMAT(1X.’ENTER PIXEL/LINE COEFFICIENTS “3)

READ(S,96) R'S
WRITE(6,53)

98 FORMAT (1Xs 7ENTER INFUT F .RST FIXEL., NO. FIXELS”)

READ(S, 96) IPIXINJNFIXI?
WRITE(&.97)

27 FORMAT(1X, “ENTER MAX. O ITFUT LINES.MIN/MAX PIXEL ‘1)

READI(S, 96) LMAX MNPIX M (P1X

96 FORMAT(G146.0)

C.
c.

C.

90
c.

c.

30

ee++OPEN DATA FILE TO THSANSFORM
READ(Z) LENREC. NORECS
eseeSETUP WORK ARRAY
NRECS=MIN(200000/L.ENREC. NCRECS)
MXLINE=NRECS
MNLINE=]
JI=LENRECoMUD( 1, NRECS) 4}
J2=014LENREC~1
DO 90 I=1,NRECS
READ(S) (INBUF(J),J=J1 J2)
eec.OFEN OUTFUT DATA FILE
NPXOUT=MXPIX-MNPIX+1
IF(NPXOUT,.LE, 300C. ANDL. NFIXIN.LE,. 3000)GO TO 110
o STUP - TDATA FILES EXCEED BUFFER WIDTH.”

110 WRITE(®) NFXOUT,LMAX
C.....REAL/URITE LOOP

DO 210 LINE=1,LMAX
DU 200 IPX=MNPIX,MXPIX

23
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INPX=R(1)Q{IFX) ¢ R(2)e(LINE) o R(3I)
IFCINPX. LY, 1. OR.INPX.OT.NPIXIN) THEN
QUILF CIFX-MNPIXe 1) FALSE,
ELSE
INLINC=S(3)e(IFX) @ S(2)e(LINE) < S(3I)
JFCINLINE.LT.1.0R, INLINE.CT.NORECS) THEN
OUTHUF (JFX-MNPI1Xe3)e, FNLSE,
ELSE
C.oee s CHECK LIET FOR SCANLINE IN WORK ARRAY
JFOINLINE,GE.MNLINE . AND, JTHLINE. LE. MXLINE) GOTD120
Coeoee o ELSE READ SCANLINE INTO LIST AND WORK ARRAY
JFOINLINE.LY.MNLINE) ZT0PINBUF ARRAY TOO SHALLY Y
‘DO 3110 I=HIXLINE+3. INLINE
IREC=MDOD( 1 NARECZ ) e LEINREC
115, READ(SNEC=INLINE) (INKUF(J) s J=1REC+3, JREC4NPXIN)
MXLINE= INLINE
MNL INE =MXLINE~NRECS+1}
120 OUTBUF ¢ IPX-MNPIX+1)= INBUF (LENRECeMOD( INLINE.NRECS) + INPX)
ENDIF
ENDIF
200 CONT INUE
210 WRITE(?) (OUTBUF(J).J=1+NPXOUT)
c....l
c’l...F‘Nxs
300 ST0P
END

24
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DO N

OO0

[N )

[ ¥aXy]

oo

0onNno

PRUSRAM HIMTID
THIS FROGKAM COMFLUTES A RELATIVE THERMAL INERTIA AND TEMP DIFF
IMAGE FILES FROM HCMM DATA,

DIMENSTONTS (3T I20ES) , J2U2E) JACRE) L JEHICZO00) , TRZ (2000,
% JEX(2000)

DIMENZION TEMPOLTA) s ALE(ZNA) 1S (2T

DIMENZION 14035 I0UMOZO00) , 10T (2000)

DATA 137260, 3,0 38,3000/, 127500, §,1,2000/,1%/%760,1,1, 3060/

DATP 47340, 0. 1,1, 3000/, 15/%0,0, 8, 3.2080/,14/%.0,0,8,8,2000/

INTESERSZ 1T(2000)
CFEN NOON THEFMAL FILE

WRITE(&L . FMT=/ (7 OFEN DAY THERMSL FILEZ” ) %)
CALL DISKIO (0,12, 1K1, 1)

COFEN NIGHT THERMAL FILE

VWRITE(&L FMT= (77 GIMEN NIGHT THERMAL FILE-Z7)7)
CALL DIZHFI0 (0,13, 1E2,12)

COFEN NOON ALEEDD FILE"

WRITE(A,FMT= (77 OFEN NOON ALEEDC FILEZ7)”)
CALL DIZKIN (0,14,182,13)

CFEN THERMAL INERTIA GUTFUT FILE

WRITE (& FMT=7 (77 OFEN THERMAL IMNERTIA CLITPUT FILEZ7)%)
W=11(2)

Y=12(2)

Y=13(2)

Wi=11(3)

X1=12(2)

Yi=12(Z2)
MAXFP=AMIN] (W, X, Y)
MAYXL=AMINI (W3, X1,Y1)
14(2)=MAXP

14 (%) =MAXL

CALL DI1ZH10 (0,15,0,14)

CGFEN TEMP DIFF COLUTPUT FILE

WRITE(SFMT="(*7 OFEN TEMP DIFF OUTPUT FILE “)")
15(2)=MAaxpP

15(3)=MAXL

CALL DISKIC (0, 16,0.195)

CFEN DUMMY FILE

WRITE (&, FMT=7 (77 OPEN DUMMY FILE”7)7)
16(2)=MAXP

14¢3)=MAXL

CALL DI1ZKIO (0,17,0,13¢)

INFLIT AVERAGE PARMS
WRITE (&.FMT=" (77 ENTER AVERALGE VALLES A.TDL,TN7 7))
ACCEPT # ,AAVE.ATD,ATN

TYFE & ,RAVE,ATDHATN
WRITE (&:FMT=" ("7 ENTER LATITLUDE AND SOLAR DEC IN DEG-“)7)

g



E¥ute

11

e EaXal
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ACCEFT o JXLAM,DELTA

TYFE o XLAM.DELTA

XLAMSYLAMe), 0745

DELTASDELTAe(, 0745

CEG=E, 74005 AM-DELTA))

Cim T ne (), -, OSORT(LED) Y

Cumfrozz, ¢ A0 ifOR{YLAM)«N, 8. eDELTASTIN(XLAM) )
Ee (ATD-ATN Y8 1 S0O0-C o AAVE

TYFE & 00

TYFE & C

TYFE ® , B

WRITE (& FMT=“ (-’ F REL = (E+CoALE)/LT77)")

COMFUTE YEMF AND ALE "ALIERATION FILES

0o 2 ¥ey, 20
ALECH) m(F~1 5 20, OURY2ZEST7
LIx3 442y, BT
Crrl2%l, 1571
Chm=) &, 213276
O a1 LE=), 254
TEMP LR ) =C L/ (ALOGICL /L~ -C3i+1))

1MAIN REAL/ZWFITE LOOF

Do 3 1=1,MAXL

CALL DHErIQ (%12 IEL.1L)
CALL UNFACH (TERL,11(2))

CALL DIEHI0 (9,12, 1B2,12)
CALL UNMFACHY (TEBZ, 12(2))
raLy DISKIO (9,14,18%,13%)
CALL UINFACHCTERZ, 12(2))

L0 4 Kel,MAKP
NUMI=TB1 (KD
NUMDZ=TRZ (1) +)
NUM3= TH2 () +1
TO=TEMF (NLM1)
TN=TEMP (NLIMZ)
AA=ALE (NUIMZ2)
TOUMCK ) = 255
S=TD-TN
X= (AA-RAVE ) # 100
Y=ATD-TD
IF (X.GE.2.ANDLY,0E.1S) G0 TO 23
IF (TN.LE.24S) GO TO 21
1=-$
IF (S.LE.C.ANDL2.LE.10) GO TO 22
IF (S.LE.O) GO TO 21
1T =C(EeCRAR) /6
10T (K) =S
1F (ITOR)LECL 3550) 1T(H)=3560
IF (IT(K).EQ. 10001 IT(K)=P90
GO 10 4
1T ()= 1000
107 (K) =255
1DUM(K) =0
G0 TO 4
1T () =3550
10T (K)=0
1DUM(K) =255
CONTINUE
CALL D1ir10 (10.15,1T,314)

\1T
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CALL PACHIIDT, IS(2))

CALL DISI0 (40, 34,IDTV 1T

CALL PACHLUIMWIM, 16(2))

CALL DISKHIO (30,37, 30UM.14)

CONTINLE

CLO:E FILES

TALL
TALL
cALL
DT
cALL
TALL
FTOP
END

DIey I
plevio
Llsy 10
previIn
QRN
DIsSK.0

(640312,0,11)
(6v 1300, 12)
(£,14,0,13)
(6,1%9.0,148)
(44 14,0,1%)
(4237400, 14)

€7
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oF FOSR QU
10 ! PhOFLL Profaling routines. 1/2/8)
20 | Ftoyram lanyuayt 16 extenved Dasic,
3 { Projram wratten by «.wmatson

4C OFP110N BASE )

S DIn Toay()53UV) ,Tnite(1500) ,Elev (J500),Xx(1500),Y(1500),Dum(3500),Detv{1500),1nert (15
00),Dt{I50V), TopoilSuv) ,Mean(150v)

(1Y Dlel K{2VUWV) ,2(200V) ,X2(2000),Topx(2000),55(80) ,A8(5)141)

20 INTEGER Dn (4VULU)

60 FRINTER 1S 16

N tlev corrso } Initialize elevation corrtection inoicator
Jo0  EnsDTesDd ! Initialaze tor proiile plotting

110 INPUT ®Enter prctile e, A,B",Protales(d,))

12v Prot1iledssprogtilessProriless®’”

pIYY) Tubul "Lnter ares name ie,PRB" ,Areca$

Y File_spi=AreaseProrales(l,))

1% Function seys: |

Jov On"KEY 10 GO10 1lopo_gen

170 ON KEY 9] GOTO image_gen

Jo0 ON AEY #2 G070 Prot_plot

19v Ow KEY 93 GO0 Feature

290 ON KEY #4 GOTO File_edit

210 ON MEY $5 GOTO Cross_cofr

22V Civ KLY 96 GOTO Cioss_plot_snyl
<30 O4 AEY 97 GOTO Cross_plot_n.lt
24V On aEY 8 GOTO Topo Tesample
250 ON KEZY 9 GOTO Elev_correct
2ou ON KEY 910 GOTO Report_plot
27 1F Elev_corre)l THEN ProlileS=pProriless” elev corr*

200 MASS STORAGE 1S ":C*

290 EX1T GRAPHICS

300 PRINT PAGL
-

310 PRINT KEY %0 Generate topo binary file from PERKIN output®
320 PRINT ® KEY 9] Generate irage banary file"

330 JPRINT " KEY 92 Plot a profile®

340 PRINT ® KEY o3 Select a feature for matching profiles®

350  PRINT “ KEY ¢4 File edit*

360 PRINT ® KEY 15 Cross correlate two images®

370 FRINT " KEY #6 Cross plot two data files(report)”®

380 PRINT * KEY ¢7 Cross plot inultiple data files®

390 PRINT " KEY ¢8 Resample the topo data to match images®

400 PRINT ® KEY 9 Determine elevation correction to tenp data®
410 PRINT ® KEY #)0 Profile plotting(report)®

420 PRINT ® MASS STORAGE SET ™ :C*

430 DISP "Select option®

440 GOTO 430

450 !

460 1 SePsseR eI PIRIRITIRIESISETR
470 1

460 Topo_gen: | To generate topo binary file from édigitized recotrds,
490 OVERLAP

500 BUFFER )

510 PRINT PAGE

520 INPUT ®Enter number of input tiles from DIGIND® ,M

530 Fi1e$='Tcpp$B' | 9980000000000t stsetadtreassessdoesnates
540 DUI15P ®"Gererating \opo file,*
550 1=0

560 FCR Ne)} TO M
570 ON END #1 GOTO 640
580 ASS:iGN ¢) TO File$

144



590 READ #1;K

600 REDIM R(K)

610 READ ¢);Curve$

620 READ ¢)iXlower ,Xuppet

630 READ 01;R(*)

640 ASSIGN 0) TO *

650 FOR L=) TO K

660 2(L4142)=R(L)*12°,0254 | Convert from ft to m,
670 NEXT L

680 Is]eK

650 NEXT N

700 REWIND *":T15°"

710 REDIM 2(1+2)

720 2())e=1

730 2(2)=,15875 ! km , Assumes )/40 ® spacing on 1:250,000 map
740 FileoutSs"Topc”"sProfile$(1,2)

750 FCREATE Fileout$,52

760  FPRINT Fileout$,Z(*)

770 DISP °Finished* .
780 ‘A1IT 500

790 SERIAL

800 GOTC Function_keys

810 !
820 1 $9600crveseetsasseenese
830 !

840 Image gen: | To generate image binary files,
850 OVERLAP

860 BUFFER #)

870 PRINT PAGE

880 | Regular Perkin image files

890 !

900 LINPUT "Enter file type ie Tday,Tnite,Refl® ,Filex$
910 DISP °*Generating image tile,®

920 XS$=ProrileS(l,))&":T15"

930 IF Filex$="Tday® THEN F$s"TD"4XS$

940 IF Filex$="Tnite® THEN FS="TN"4XS$

950 IF FilexSs"Refl® THEN FS="RD"4&X$

960 INPUT "Enter startin3 pixel and line",Ps,Ls
970 INPUT "Enter ending pixel and line®,Pn,Ln

980 INPUT "Enter nunber of dati blocks ®,No_blocks
990 Cls{(Ls-Ln)/(Ps-Pn)

1000 Js=}) ! Profile element counter
1010 1=} ! Block no
1020 FOR 1=l TO No Blocks I INSERT FAST ALGORITHM HERE.

1030 CAT TO AS{*); FSeVvALS (1)

1040 IF LEN(AS()))<>0 THEN GOTO 1090

1050 REWIND *":T15" .

JO60 PRINT ®"FS4VALS(]) not on tape.Insert correct tape and CONT®
J0O70 PNUSE

1080 GOTO 1030

1090 ASSIGN ¢) TO FSeVALS (1) 1
1)O0 READ ¢);S$

1110 NePOS(S$,°Lines”)

1120 Lines=VAL(SS[N+5,847))

1130 M=POS(SS,"Pixels®)

1340 PixelssVAL(SS[M+6,M+8})

1150 PRINT *Lines,Pixels=®";Lines,Pixels
1160 REDIM Dn(Pixelsg*Lines)

1170 READ sl;Dnt*)

118C FOR K=l TO Pixels

%4
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1190 Yys=Cle(Kk~])+)

1200 L)=INT(Yy)

32)0 IF Yy-L)>.5 THEN LlslLle)

1220 2(J)*Dn( (Ll-))*Pixels+K)

4230 1 PRINY J,2(J) | Use for editing,
1240 JsJe) | Increment profile counter

© 325 NEXT K

3260 ASSIGH e) TO *

3270 HNEXT }

3200 REWIND ":T15°

1290 JsJ-) | Reset pixel counte:

130 REDIM 2(J)

1310 Kle=)a42),587 { Tenmp calib Dn to Tenmp
1320 K2%)251.159)

1230 KI=-)18.2)376

1340 DisteSUR((Pn-Ps) "2+ (Ln-Ls)"2)*.47717/0 ! km approx units
1350 REDIM £(J),X(J)

1360 1I1F (Filex$="Téay”") OR (Filex$s="Tnite®) THEN GOTO Temp_cal
1370 JF Filex$="Rerl® THEN GOTO Refl cal
13b0 Temp cal: FOR 1=) TO J

1390 Z(1V=K2/LOG(K1/(2(1)=-K3)+])

J400 IF 2(1)<260 THEN 2(1)=260

1410 NEXT 3 '

1420 GOTO Bin_store

3430 Refl) cal: FOR 1=) 70 J

1440 2(17=2()1)/255°100 1 % refd)
1450 NEXT 1

J4elU GOSUB Bin_store

1470 GOTO Function keys

1480 Ban_store; |

1490 DISP "Binary store*

1500 Dum{l)=J ! No_values

3510 Dum(2)=Dist | Dx increnment in kp, .
1520 FOR 1=3 TO J+2

1530 pum(l)=2(1-2) t Normal statement.
1540 NEXT 1

1550 REDIM Dum(Jd+2)

1560 rilenave$SsFilexS{l,4)sProfiles{l, 2]
1570 FCREATE Filename$,5%2

1580 FPRINT Filename$,Dum(*)

1590 PRINT PAGE

1600 DISP "Finishec”

1610 SERIAL

1620 RETURN

1630 |
1640 | PO AINIIENICIIIILIINIIITRAS SRS
1650

1650 Prof_plot: ! On CRT or at 1:1,000,000 on 9672S,

1670 INPUT "Select plotter option: 0 CRT , )} 9B725" ,Plotter
1680 PRINT PAGE

1690 GOSUB Filu_read

1700 GOSWB File _plot

1710 IF Plotter=0 THEN EXIT GRAPHICS

1720 17 V=] THEN GOTO 1690

1730 GOTO Function kess

1740 File_read: INPUT “Enter file type ie Tday,Tnite,Refl,Elev,Derv,Dt, Inert,Mean” ,rxles
1750 REDIM X(1500),Y(1500),2(1500)

3760 FilenameSe«FileS[l,¢)sProfiles(),2)

1770 1F (File$="TSay") OR (File$S=s"Tnite") THEN GOTO 2080
1780 3IF (File$="Refl®) OR (File§Ss"Elev™) THEN GOTO 2080

qo



3790
1800
Il
3020
3ed0
1840
1850
) 1YY
1870
© 31880
1850
31900
1910
1920
1530
1840
19%0
16060
1970
1910
1990
2000
a4V10
2020
2030
2040
2050
2060
2070
2080
2090
PR YY)
2110
2120
210
2140
2150
2)60
2170
2180
2190
2200
2210
2220
2230
2240
2250
226U
2270
2280
2290
2300
2310
2320
21330
2340
2350
21360
2370
21380

IF File$s="Derv® TACN GOT0O 2084
IF FileSs"nean® THEN CGOTO 1620
IF (File$s*"Dt®) OR (File$s®lnert®) THCU GOTO Dt form
Dt_tosm: FREAD ®Toay®sProfile$|),2),x(*) -
Jei(l)
DistsXx{2)
FRCAD "Tnit®sProtale$(l, 2),Y (")
REDIM X(J42),¥(0¢2),2(J¢2)
1f (File$s”"Dt") OR (Firle$a®1Inert®) THEN MAT IsX-Y
IF FileSs®"Mean® TdEN MAT ZsxeY
1F File$S="pean® THEN MAT 2s2°.5%)
IF (F3le$s™Dt®) OR (FileS="pean”™) THEN GOTO 2130
Inert_form: FREAD “"Refl)"4Protiles{l,2),x(*)
IF Area$s®PKkDB®* THEN GOTO 1950
PRINT "Neeo to teset alpna,peta coelf at Inert_form®
PAUSE
Klpnas=52265,8 | Powcer River Basin Paramcters,
Betas~-6)744
MAT Xsx*(.0)) § Convert to fractions
FOR Le2 TO J+2
1F 2(L)>0 THEN GOTO 2020
2(L)=2550
GOTO 2060
Z(LY=(AlphasBetat X(L))/2(L)
1F 2(L)Y<S00 TdEn 2(L) =450
IF 2(L)>3000 THEN 2(L)=23000
pun(2)=Dist 1 Dx increment i, «xm,
NEXT L
cO0TO 2110
FREAD Filename$,2 (")
Jed(l)
Dist=2{2)
FOR Is) TO J
2(1)=2(1+42)
X{1)=(J-1)*Dist
MEXT 1
REDIM X{J),2(J)
RETURN
: desenee
!
File _plot: SERIAL | IF V=) THEN REFEAT
1F Enables] THEN GOTO File cont
IF Plotter«0 THEN PLOTTER TS 13,"GRAPHICS®
1F Plotter=0 THEN GRAPHICS
IF Plotters0 THEN GOTO File cont
1F vs0 THEN PLOTTER 1§ 7¥,5,%¥9B72A® ! First time
File cont: BEEP

p2s¥

IF (File$(1,))="E®") OR (File${l,2)="To®) THEN D2=100
IF FileS|1,2)="De” THEN 2-10

1F File${)l,21="1n" THEN Dz2e500

Y$=File$

IF (YS5(1,1)="T®) OR (YS$S{1,))="D") THEN YS=YSs"(K)"
IF ¥YS(1,1)="M" THEN YSs“pean temp(XK)*®

IF ¥Y${)l,1)s"E® THEN ¥YS=YS"(m)"*

IF ¥YS|1,1)="R™ THEN YS$Se¥YSa"(V)°®

1F YS$S(),2)="De® THEN Y$s"Gradient(m/xm}*
IF ¥5{1,2)="Dt” THEN YSa"Temp d1ff(K)"®
1F Y5 ([)1,1)=°1" THEN Y$»*Inertia(TIV)®
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2390
2400
2410
2420
a4
2440
2450
2460
2470
2480
2450
2500
2510
2520
2530
2540
25%
2560
2570
2560
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
27V0
2710
2720
21
2740
2750
2760
2770
278V
2790
2800
2610
2820
2830
2840
2850
2860
2870
28480
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980

x§="Distance (km)*

MAT SEARCH 2(*) MAX;2Zmax
MAT SEARCH 2(°)  MlN;i;Zmin
ZminsINT(Zmin/D2)*D2

2maxs (INT(Zmax/D2)+))*D2
Dzses(Zrax=-2min)*,125%/8.%
DxssX(J)*,.125/8.%

FOR 1s) TO J
X(1)e{l-1)°*Dist

NEXT 1

IF Plotters0 THEN GOTO 2670
DEG

LIMIT 0,400,0,285

LORG 5

CS12E 2.75
X1=(),5925,4~-12,5)°100/285
X2sX14X(J)*100/285 1 Proper scale
¥1e(1.5%25.4¢)4)°)00/28%
Y2=¥1+4)50*100/285

MOVE (X14X2)°.5,Y)~.5%25,4°100/28%
LABEL X$

LDIR 90

MOVE X1-,9°25,4°100/285, (Y)+Y2)*,5
LABEL ¥Y§

LDIR 0

LOCATE X} ,Xx2,Y1,Y2

FRAME

LORG 5

SCALE 0,%X(J),2min,2nax
OUTFUT 705;"V82;"

MOVE 0,Zmax

DRAW X (J),Znrax

DRAn X(J),2min '
AXES 10,D2,0,2min,)0,2

FOR 1=) TO J

IF I=1 THEN MOVE X(1),2())

DRAW X(1),2(1)

NEXT 1

OUTPUT 705;°VN; "

CSIZE 2

LORG 8

FOR Ys=Zmin TO Zmax STEP Dz

MOVE -Dxs,Ys

LABEL VALS(YS)

NEXT ¥Ys

LORG 6

FOR w=0 TO X{J) STEP 20

MOVE W,2min-Dzs

LABEL VALS (W)

NEXT W

LORG 5

MOVE X (J)*.5,Zmax-Dzs*2

LABEL "Profile "sProfile$S{1,2)4" " 4" "esArea$s® Area®
1F Plotters0 ThEN LABEL "CONT to continue®
IF Plotters0 THEN PAUSE

PEN O

IF Plotter=0 THEN EXIT GRAPHICS

1F Plotter=s0 THEN GOTO 2990

1F X(J)*25.4>7 THEN OUTPUT 705;"AF;"

1F X(J)*25.4<=7 THEN OUTPUT 705;°AH; "

a2



299y
3000
J01l0
W2
30
-3040
Ju s
k MY
b ]
3000
W0
3100
o
Jlav
W
3140
35
Jlon
3170
by
3w
20
32
3220
323
3240
32%
3200
3270
A2cy
3290
3300
a3
3320
333
M0
335
330
3370
d3oV
3390
3400
3410
3420
3430
3440
3450
3460
340
3480
3490
35v0
3510
3520
3530
3540
3550
3560
35870
3580

INPUT “Lnter 0 to LND and ] to plot snotner proiile®,v
1F vs}) THLN RETURN

IF Plotters0 THEN GOI10 End)

IF X(J)*25.4>7 THEN OUTPUT 705;"AF;*

IF XK(J)*25.,4¢<»7 THEN OUTPUT T0%;"ANH;*
Enul: GOTO Function_aeys

: 0000000000000 00000000000008 00808

!
Feature: GOSUb tile 1ead
Feat: 1LPUT "Cnter Teature &nd approx pixel value” ,K$,Jp
Jledp-l2

1F J1<) THEN J)s)

Jindpel2

1F J2)J THEN J )

SEe¢

INPUT ®JUse COWT to list ano ) to plot”,sSp

IF 5g#0 TnEN GOTO Last

RLDINM A2(J2-314)),Dun(Jd2=J1+))

L=y

FOR AsJ]l TO J2

Lsilel

Xe(L) =K

pum (L) =i(M)

NEXT K {

Lraxsl

MAT SEARCh Dum(*) ,MAX;Rnrax

MAT SLARCH Dum(®) ,MIN;Rmin

Drs Rnax-Rmin

Feature plot: PLOTTER 1S !2,"GRAFHICE"

GRAPNITS

LCCATE JU,)00,20,90

SCALE J),J2,Fnin,Rrax

GR1D 1, (Rmax~Rnran)*.1,J}),Rmin

FOR L=] TO Lrmax

1F Ls] THEN MOVE X2(L),Dum(L)

DRAn X2(L).Dum(L)

NEXT L

LORG 6

FOk L=)] TO Lrax STEP 2

MOVE X2(L),Rmin- (Rrax-Rmin)*.05

LABEL VALS(X2(L))

hEXT L
LORG 4
MOVE (J14J2)°*.5,Rman-,04"Dr
LABEL File$

MOVE Jf,Rmax+4Dr*,02

LABEL K$§

LORG 1

MOVE %2(1),Rnax+Dr*,02
LABEL "CONT to continue®
PAUSE

PEN O

EXIT GRAPHICS

GOTO 36130
List: PRINT SPA(10),"Feature ";K$
Min=)E99

FOR 1=J]1 TO J2
MinsMIN(2(1),Min)

NEXT 1

¢
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3%90
3600
Julo
Juviv
SRV
Josv
Jo 50
3e60
Jo 7V
Jobd
Joby
3700
3710
3720
3730
340
3740
JT7ev
31
3760
3760
3evl
Jelu
o2V
Jodd
dod0
3850
Jool
3uv
sy
3oY%v
3300
KEYV
vy
3330
kYT YY)
39y
I%o0
3970
kLT
359U
4uul
4010
4020
403y
4u60
4050
4000
4070
4080
4090
4100
4110
4120
413
4340
41%0
4100
4170
4180

FOR 1eJ} TO J2

IF ¢(3)OMIn TaER PRINT 1,2())
IF ¢ll)ohaan THEN PRINT 3,4(1)

MXT )

INFUT "Enter 0 tO examine Other ledtures ; 3 to terminate”,T

1F Ts0 Trih GOTO Festute

IF T=) THLN GOTO Function_seys

(R AR R R AR NN RN RN R NN X)

Cioss_cors | PROFL)
} metnond: Snitt rmeans to 0 and variances to 1
! Form ctoss corgel sun for varying velays,
| Tane cata 3n 300 pixe) sets( See amax)

FRINT FAGL

70 cross correlate profiling data for imajes,

INPJT ®Enter function) ae Toay,Tnite,Refl ,,,."%,X$
14PYY "Enter function? ie Tuay,Tnite,Refl ,..,%,Y$§

DISP "Ctoss corellation,®

FREAD Y$&{),4}bPsoLiles|),2),R(*)

IF (A2())=h(1)) AND (XK2(2)®R(2)) THEN GOTO 3830
PRINT ®Files 81e nOt sane type - recnech®

PRINT ®Lengtns®;X()),%x(2),"Dasts®;R(1),R{2)
1NPUS "Do you wWish to continue anyway ?" ,Anz}

1F Anz$(l,)1)="N" THEN STOP

Jeaz(l)
faotexl (2)

I ex: Arax=2 D)V 100

J=luv

FRINTER 15 O

Frlil

FRINI " List Of correlation f0r *;X5;" ano ®*;¥$;® Prolile®;Proriles

FRINY

FOR ne]l TO nrax

1l=(h-1)°*]
12w1)40-)

vuel

FRINT "Frorn pixel “avALS(11)8"® to "evALS(12)

FOR 1213 7T

012

X(1-114))=az{le2)
Y (1-1)41)=R(142)

MeAT 1

REDIM X(J),Y(J),DUN(J),Z(J{
x)/J ! Transiotm to Mean=0 Devs]

reanx=5UM(
tieanysSUM(

Y)/Jd

MAT Xm(-Meanx)+Xx
MAT Y= (-Meany)+Y

MAT Dun=X,

X

Var=Su4(Dum)/J
MAT XA=()/SuR(var))*X

MAT Dur=y,

Y

VarssUM(Dum)/J
MAT Y= ()/SuR(Var))®y

PRINT
PRINT *
FOR Delays=
sunl =0

Delay
-5 T0 5

FOR 1=6 TO J=5

De=l4Delay

Surl =AES(X(1)°Y(D))+suml

Next: NEXT
PRINT *

1
*:Delay,Suml

®;Xx5:%.":¥YS

q4



4wy
420V
4210
Q2
ez
~4240
4250
4260
42
4280
4290
4300
4310
4d2v
43
434V
4350
46V
4370
4380
49
4400
4410
4420
4430
4440
4450
4460
4470
4480
44950
4500
4510
4520
4530
4540
4550
4500
4270
4560
4590
4000
4610
4020
4630
4640
405
4660
4670
468V
4690
4700
4710
4720
4730
4740
475
4760
477
4700

NLXAT Delay

NLXT K

PRINTVLR 1§ )6
GO10 Function_heys
i

!
Ctoss_plot_snyl: |
Plot counts]

DISP "Cioss plotting = single,*®

JNPUT "Select plotier option:t 0 CRT ,

IF Plctters) THLL PLOTTER 15 1J3,°GhAPHICS®
IF Plotrers) FHEN PLOTTER 15 7,5,"9872A°
IF Plotters) THEN LIMIT 0,400,0,285

Cross_cont: INPUT “Lntes tl)onamc for Xaxis ie Tdny,Tnxte...
INPUT "Lnter tilenane iof Yaxis 1e Tuay,Tnite,,.,*

Fx$=x$(1,2)
fyS-YSIl.?l
1F Fx${l,2])="Ta" THEN
IF Fy${),2)="Tc" THEN
IF Fx$[),2)s°Tn® THEN
IF Fy$(1,2)=»"Tn® THER
IF Fx$]1,2)="Re” THEN
IF Fy$S(),2)="Re” THEN
IF Fx$[1,2)="E1" THEN
IF Fy$[1,2)s"EL1® THEN
IF Fx3{1,2)=°De® THEN
IF Fy$ll,2)="De" THEN
IF (Fx$(1,2)="1n") OR
iF (Fx%{1,2)="Dt*) OR
IF (Fx$§|),2)s"°Me") OR
GOTO Flotting_setup
Inere_reac: |
Alpra=52265.8
betas-61744

FREAD *Tday®sProfiles$
FREAD *"Tday"sProrile$
FREAD *Tnit"sProtiles
FREAD *Tnit®sProfiles
FREAD *Refl*sProfiles
FREAD °*Refl®sProfiles
FREAD "Elev®eProfile$
FREAD °Clev®isFrofiles
FREAD "Derv " sProtiles
FREAD 'Dctv'stct:lcS(
(Fy$(l,2}="1In") THEN GOTO lnert_read
{Fy${l,dj="Dt") THEN GOTO Dt reld

(FyS[l,4)="Me") THEN GOTO Dt_read

11,
{1,
11,
1,
11,
(1,
{3,
(1,
(1,
1,

1
1
)
Lo
1
}o
)y
)
)
by

[SESENYXRENXENE SN Y SR N
€ g M€ I *C I M 3¢ *C X

| Powder River Basin Farameters,

FREAD ®Toay"sProrile$|l,2),x2(*)
FREAD *"Tnit"sProrileSil,2}),2(*)
FREAD "Retl®"sProfale$|l,2),Dum(*)

REDIM Dum(ROn(2))
MAT DumsDun*(,01})
MAl K2®Ki=-2

MAT X2sA2° (Beta)
MAT X2=)02¢(Alpna)
MAT XZ=Xx2/Dum

FOR 1=]1 TO ROm(X2)

Convert Retl to a fraction

IF X2(1)<10U0 THEN X2(1)=]1000
1F X2 (1)>3000 THEN X2(1)=3000
I1F Fx$="1n" Thin MAT Xs=X2
IF Fy$s®In® THEIN MAT YsX2

GO1C 44

bt _reso: FREAD “Toay®sProrile$(l,2),x2(*)
FREAD *Inst" sProf;leSl) 2} ,itv)
1F (Fx$s"Dt") OR (Fys»" D") THEN MAT X2=X2-2

1F (Fx$="be®) OR (FySe“pMe") THIN
IF (Fx$="(1e®) OR (Fy9="Me") THEN MAT X7

MAT X?lX"¢Z

IF (Fx$s"D%") OR (Fx$§="Me®) THEN HAT X=
1F (Fy$="Dt®) OR (Fy$="Me®) THEN MAT Y=

GOTO 4500

Plotting setup~ IF (FxS<>"1n®) OR

1F (rxs«> In®) OR (Fx$<>°Dt") T, . x(2)

} 98728 ,Plottes

S

T T " — — — -

2¢>" ") THEN J =X (1)

2}



479y
LY
dolV
4020
48
4840
4o 5V
duod
oV
4060
4090
4500
430
4520
4530
4540
495y
45060
4970
4%V
459U
500
5010
52V
503
S04V
S0 5v
5060
507v
508V
5090
5100
5110
5140
5330
5140
5150
5160
5170
51b0
5190
LY
5210
522y
523v
5240
5250
526V
5270
5200
5296
5300
5310
5320
$330
5340
5350
$360
5370
5380

ORIGINAL PAGE B
OF POOR QUALITY.

1V (Faes®In®) OR (Fays"Dt®) ‘IdEN Jsi())
IV rads®ie® Iatin Jsi())
IF (Faées™In™) OR (Faes"Dt™) TUHEN Distsy(2)
IF Fu$="me” THEN Distes(2)
FOR 1=} 700
X(1)®Kx(1+2)
Y(l)=Y(1+2)
hEXT 1
REDIM X(J),Y(I),X2(J),2(J)
Dxsly
Dy=l U
IF XY .))s"L" ‘TnElv Dx=}0V
IF Y¥(1,))="L" 1nEN Dys100
IF xy(),2])="1" THLN Lxeb00
IF ¥% () ,))s"1" ThiN DysS50u
IF (X$[1,2)="Tn®) OR (A$(),2)="Dt") THEN Dx=5
1F X$(1 ,2)s")e” Thilh Dxs$
IF (¥8(),2)="7n") OR (¥Y${},2)=°Dt") THEN Dys5
IF ¥Y$ [} ,2)s"re® THER Dyn$
1F X3|1,1)="R" TnEN Dxs=$
Ir ¥Y8{1,))s"R" ThEN Dys$
IF PlotversQ THEN LOCATE 2v,10v,10,90
GOSUo Foint_gplot
cslzt 2
LORS §
MOVE (Xmax+anin)®,.%,Yrax
LABEL ®"Prorile "4Proriles
1F Plotters) THEN GOTO 5210
INPUT "Enter 0 .0 END and ) to continue plots®,Sz
1F S2a0 THEN GOTO 5160
1F Plot_count=4 ThEN GOTC Reset plot
plot countsPlot count+l | Increment plot counter
GOTC Cross_cont™
Reset_plot: OJUTPUT 705;°AH;®1 Next page
OUTPUT 705;"AH;"
Cross_plotsl
GOTO Cross_cont
OUTPUY 705;"AH;*
OUTPUT 705;"AH;"
DISP "FINISHED,.®
FEN O
GOTO Function_xeys
LORG 2
MOVE Xmin,ymax+yr
LAEEL "CONT to continue;DUMP GRAPHICS to copy®
PAUSE
PEN 0 .
EXIT CRAFHICS
INPUT "Enter 0 to continue and ) to DIGITIZE plotted points®,28
IF 26=0 THEN GOTO Function_xeys
GRAPH ICS s
POINTER (Xmin+Xmax)*,5,(Yimin+Ymax)*,5,2
DIGITIZE X¢,¥d ! Position cursor
MAT i=X-Xxd
MAT 22,2
MAT X2=Y-Yo
MIT N2=mX2,X2
MAT 2s24X2
MAT SEARCH 2(*),MIN;2mrin
MAT SEARCH 2(*) ,LOC(2(K)=2Zmin) ;K

¢ -



$3%0
5400
$4)0
S42v
5430
544v
5650
Se0v
Se7v
5400
LY R IY)
55v0
5510
50L¢v
5530
H54V
555v
5560
5570
5200
5590
56u0
5010
5620
5630
5640
505y
5660
5070
5040
5690
5700
5710
$720
5730
5740
5750
5760
5770
5780
5790
5800
5810
5620
5830
5640
$850
5860
5870
5880
5890
$900
5910
$920
5930
$540
5950
5960
5970
$960

POVL (ABLNGAMEXR)®, S, YRdx4YL

LADLL ®"rixel 1";vALS(K)1® .Use COWT to continue”
FAUSE

GCro 5260

[
]
!
Cross_plot_muit: |
FRIl: PAGL

Cross plots of Tday,Tnite,Topo etc,

F POOR

agt
g““*m%uu\.\w

2/20/6}

InPuvl "Select plotter ovption: U CRT , ) 96725" ,Plotter

DI15Y "Ciuss plotting = mulraiple,”
GUSUB nust_tile_reau
G010 Cont_mult
nult_file reaus |
pesreorilesll ,2)
IF Ateds="PRS" TAEN GOTO 5570
FRINT ®"heea tO fevise P mapping parms at Pcoert”
PAULSE
Pcoeri: Alghasb52285.06
setas-b) 744
FREAD "lcay"4P§,Tuay ")
FREAD "Elev"sPS,TOpO(*)
FREAD "Tnit"sPs,Tnite(*)
FREAD "Decrv®"sP§,Desv(®)
FFEAD "Ret1®4PS,Refl(®)
DistsJTOR0L(2)
JsTopo(l)
FOR L=l TO J
X{L)=(L=1)*D1ist
7cay (L) *Tcay(L+2)
Tnite(L)sTnite(L+2)
Topo(L) sTopo(L+2)
Derv(L)sDerv(L+2)
Dt (L) =loay(L)-Tnite(L)
Mean(L)=(Toay(L)+Tnite(L))/2
Refl(L)=Refl(L+2)*.0] | Convert to tractions
Inert(L)=(Alpra+Beta*Refl(L))/Dt (L)
IF Inert(L)>2500 THEN lnert(L)=2950
IF lnert(L)<100U THEN Inert(L)=550
IF Refl(L)>.2 THEN Refl= 245
IF Derv(L)>30 THEN Derv(L)e=35
IF Derv(L)<-30 THEN Derv(L)=-35
NEXT L

! Powder River Basin Parameters,

REDIM Tday(J).Tnzte(d).Topo(J).X(J),!(J).Dexv(J),Dt(J).Inett(J),Refl(J),Mean(J)

RETURN
Cont mult: |
IF Flotter=0 THEN
IF Plotters=]) THEN
GRAPHICS
FOR K=1 TO 20
IF K MOD 4s=]) THEN
IF K MOD 4s=2 THEN

PLOTTER 1S 13,"GRAPHICS"
PLOTTER 18 7,5,"9872A"

LOCATE 10,50,60,90

LOCATE 10,50,10,40

IF X MOD 4=3 THEN LOCATE 70,13110,60,90

IF K MOD 4=0 THEN LOCATE 70,310,10,40

ON K GOSUB P),P2,P3,P4,P5,P6,P7,P8,P9,P10,P1),Pl2,
1F (K MOD 4=0) AND (Plotter=0) THEN PLOTTER 15 13,
IF (K MOD 4=0) AND (Plotters=l) THEN OUTPUT 705;"EC
IF (K MOD 4=0) AND (Plotter=l) THEN OL"PUT 705;"AF
NEXT K

IF Plotter=} THEN OUTPUT 705;"AH;" ! Adv and cut

a7

:
i
i

)
¢
-

3,Pl14,P15,P16,P)7,P18,P19,P20
RAPHICS®
{ Enable cutter

! Adv and cut



$950
6000
V10
602V
(TR 1V
6040
6V50
(TIY)
V70
vl
6090
6100
6110
®)20
61
6140
615
6lou
6l
6160
6140
6200
0210
6220
623
6240
6250
6260
627V
6280
6290
6300
6310
6320
o33
6340
63%
6300
03N
oloy
©39)
6400
6410
6420
04 30
6440
6450
640U
6470
6480
6a 9V
6500
6510
*520
6530
6540
6550
6560
0570
6580

PLN O
EXIT GRAPHICS
DISP °FINISHED."

GOTO Function_xeys

Pl: MAT KeToOpO
MAT YeTday
X$="Topo"
Yy="Tday"
Dx=100
Dye$
GOTO Cont

P23 MAT Xasperv
MAT YeTOay
X$="Derv®
y$="Toay"
Dx«]0
Dy=d
GOTO Cont

P): MAT XsRetl
MAT YeTuay
X$a"Hefl"
Y§s"Toay*

Das 05
Dys=5
GOTO Cont

Pb: MAT XsDerv
MAT YsThite
X$="perv®
¥Y$5a*Tnite*
Dxs=l0
Dys=b
GOTO Cont
P5: MAT £=TopC
MAT YsTnite
Xy="Topo*
Y$="Tnite"
Dx=100
Dye=5
GOTCO Cont

P7: MAT A=ketl
MAT Y=Thate
X$s®Refl”
Y$="Tnite®
Dxs= N5
Dy =5
GOTO Cont

P9: NMAT X=ToOpO
MAT YsRefl
X$=“Topo"
Y$="Retl®
Dx=100
Dy=.05
GOTO Cont
Pll: NAT a=lInert
MAT YsReil
X$s"Inert®
Y$="Retl"
Dx=500
Dy=.05
GOTH Cont

§ Tday vs Elev

) Tday vs Derv

| Tday vs Retl

§ Tnaite vs Derv

! Thnite vs Tnpo

] Tnite vs Refl

! Refl vs Topo

! Refl vs lnest

9%

ORIGINAL PAGE |¢
OF POOR QUALITY



65w
o6Vl
6610
064V
630
6640
665y
6600
6670
668V
6690
67V0
6710
6720
6730
6740
675
6700
6770
6700
6790
66V0
bol0
6320
6830
684V
665v
odbu
6870
64880
6890
6900
6310
6920
693v
6940
6950
696V
970
6960
6990
7000
7010
7020
7030
040
7050
7060
7070
7080
7090
7100
7110
7120
7130
7140
7150
7160
nn
7160

PlU: MAT XslDerv | Retl vs Degv
MAL Ysherl

Xys"Detv®

Yis"Retl*

Dxs )y

Dys .05

GOoTY Tont

P15: HAT X=Ot 1 Inert vs Dt
MAYT Yslnert

x$a"De"

Yis"lnegt"

Dx=5

Dy=500

GOTO Cont

P)3: MAT XsTopo! lnert vs TORO
MAT Ys=lnert

X§="yopo*

Y§s®Inertis”

Dx=100

Dy=500

GOTO Cent

Fl4: NMAT XsDerv! Inert vs Derv
MAT Y¥slrnert

ASs"Derv”

yY$="1inertia"

Dx=10

Dys500

GOTO Cont

Pl7.: MAT X=Topo! Dt vs Elev
MAT Y=Dt

X$="Elev"

¥§s"Dt"

Cx=500

Dys=5

GOTO Cont

Plo: MAT X=De¢rvi Dt vs Derv
MAT Y=Dt

Xss"Cerv”

y$="Dt*

Cx=]0

Dy=5

GOTO Cont

P19: MAT X=Tnite! Tday vs Thite
MAT Y=Tcay

X$="Tnite®

Y$="Téay"

Dx=5

Dy=10

GOTO Cont
Pe: | LABEL

Fd: |
P12: 1
Pi6: 1}
P20: GOTO Plot label
cont: 1 =

point plot: |

NAT SEARCH X (%) MAX;Xmax
MAT SEARCH Y (*) ,MAX;Ymax
MAT SEARCH X(*) MIN;Xmin
MAT SEARCH ¥ (*) ,MIN;Ymin



nw
2200
7510
7220
420
7440

- 9250

7260
22%
114
22 ¢
7300
7310
2320
7330
7340
73%0
Y
3
7380
735y
7400
7410
7420
743D
7440
7450
7400
7470
7400
T4y
7500
7510
7520
753
7540
7550
7560
757
7500
759V
7600
7630
7620
76030
7640
7650
7660
7070
7680
76390
7700
7710
7720
R
7740
2750
770
7770
7780

AmAnes INT(XmAN/Dx) *Dx

Rnaxe (INT{Max/Dx) ¢} )*Dx

yrans 31 (¥Ymin/Ly) *Dy

ymane (ILT(Ymax/Dy) 41 )*Dy

KEe (Xmax=xnin)*,05

Yie (Ymax=Ymin)®,u5

3F Plottersy THLEN GOTO 7540

LORG 5

C214E 2

i¥ Plct_counts] THEI GOTO Pit_)
1F Plot_counts2 TdCk GOTO Plt_2
11 Plot_countsd THLN GOTO Plt_3J
Plt_4:1 Asets=d.5025.4
Xilskseteoy 85

Karn) 43, 75025,.4

Yls)58.75%

Y2=254

GOTO 7%20

Pit_l: K1=69.65

Xdmlos.l

ylsldd.l

Y2+133,235%

G010 7520
Plt_2: X1=69.85

x2slou5.1]

Y)®)50.75

y2=254

GOTO 7520
Plt_3: Xset=B,.5%25.4
Alwxgset+69.65

X2=xset+165.)

¥Y)=3b.l

y2e=) 33,35

22=100/(131*25.4)

LOCATE Al%i2,X2%*22,¥1%22,Y2%u2
SCALL Xmin,Xrnax,Ymin,Yrax

AAES Dx,Dy,Xmin,¥Ymin

LORG 6

MOVE (Xnin+Xrax)/2,¥ymin-yr*l,5
FOR R®} ‘'t 2

IF Rs] THEN 29=X$§

IF Re2 WAEN 29Y$

1F 25(1,1)="14" THEN 2$s=s"tean terp(K)"
1F 25(),1)="T" THEN 25=256"(R)"
IF 251),2)="Dt" TALh 2$="Tenmp Aiff(K)"
IF 25(),2)="De" THEN 2§$s"Gradient(m/km)"*
I1F 25(),2)="E1" THEN 2S=“"Elevation(m)®
IF 25{),2)="1n" THEN 2$="Inertia(TIV)"
IF 25[1,2)="Re" THEN 2$="Refl(\)"
I1F R») TAEN X$=4$

IF R=2 TAEN Y$=2§

NEXT R

LABEL X¢

DEG

LDIR 90

LORG 4

MOVE Xmin=-%Xr®3.5, (Ymin+Ymax) /2
LABEL ¥§

IDIR 0

fOR I=) TO J

joo



7780
7800
7610
7020
12 kM
L1640
78%0
Teb6d
Te10
7680
7690
7600
7910
7920
7935
7940
75650
79060
7970
7489
TIs90
8000
Buid
8020
80
6040
8050
606V
8070
8060
8090
8100
8110
820
8130
8140
Bl %0
8160
8170
81&0
8190
8200
8210
8220
8230
8240
8250
8260
8270
8240
8290
8300
8310
8320
8330
8340
8350
8360
8370
8380

OMGINAL PAGE B
OF POOR QUALITY

HOVE X(J),.¥(1)

LABEL *."*

NUAT

csi1it 2.2

LORG 6

FOR Xskmin TO Xmax STEP Dx
MOVE X, ¥Ymin=yr* 5

LAELL VALS(X)

NEANT X

LORG 8

FOF Yasymin TO Ymax STEP Dy
OVE Kman-xre,.5,7a

LAGBLL VALS(Ya)

NEXT Yo

CSIlE 3.3

RETURN

plct lavel: |

scale 0,1,0,]

LORG )

FOVE .2,.75

If Area$="PRB" THEN LABEL "Powder River Basin Area”
IF Area$s®CP" THEN LABEL “"Cabeza Prieta Area’®
MOVE .5,.5

IF Area$s"PRB" THEN LABEL "Auy 20,19786°

1F Area$s®™CP" THEN LABEL "Apr 23-4,1979°

MOVE .5,.25

LABEL "Profile"sProfiles

1F Plotters0) THEN DUMP GRAPKICS

RETURRKN

§

] (B R RN A A R E AR R AR R RN RN NT]

Topo_resample: 3 To spline-smooth topo data and sestore as Elev binary,

! ané Derv tinary,

! Special correction to Dist and for topo interp,
PRINT PAGE

DISP "Topo resample.®

FREAD "Toay"sProftile$|),2),Tday(*}
FREAD “Topo"&Protile$i{l,2),Topx(*)
J=Tcay(})

Dist=Tcay{2)

KeTcpx{l)

Distz=Topx(2)

FOR 1=l TO J

All)=s{1-))*Dist ! Image file
NEXT 1

FOR I=] TO K

Topx(1l)=Topx(1+2)
y2(1)s(1-1;*Dast2

NREXT 1

! T6 interpolate topo data

DiM Xb(4,3),Xbtrn(3,4) ,Durx(3,3),Inv(3,3) ,F(4,1),Rum(3,1),G(3,1}
MAT Xbs=(l)
Xb(l,1)=((0=xb{},2))=xb(1,3))
Xb(3,1)«4

Xb(3,2)=2

Xt(4,1) =9

Xb(d,2) a3

MAT XbtrnsYRN(Xb)

MAT Dumx=Xbtrn®*Xb

101




6390
$400
8410
Sa2v
8420
8440

. 045

8460
847V
€460
S4yV
9500
8510
8520
8530
8540
¥550
8560
8570
® 50
#5990
dolv
8610
4620
b6 30
oco4U
oo 5
obol
v
8656y
s690V
8700
0710
H72V
5730
8740
8750
8700
8770
8760
8790
6600
8810
8820
88130
8840
6650
8860
8870
6800
o890
89500
6910
8% 20
89%30
9940
8950
8960
6970
8980

MAT TnveINV(Dumx) "N 0‘\'\
Dels=Daist/(2°Dists) 1 =sp/2 M ~
Le)
ImaxsINT(Dists*K/Dist)

1F J>Imax THEN Jsiman | Truncate al) tiles to Jrax
FOR 122 70 J-)

ir (?(l))l&?(b)) AND (X(3)<eX2(L+))) THENK GOTO Interp
Lele

GOTO 6450

Interp: F(1,))esTopx (L-))

F(2,))sTopx(L)

F(l,1)=Topx (L¢l)

Fld,))=TOopx{Le2)

MAT RursXotrnt®f

MAT GelnveRum

ib= (1-))*2%)el-~(L~2)

DUM(1)1eG(),))/3° (Del"243°2D"2)4G(2,))*21b45(3,))
Detv(1)=2°G(l,))*2b+G(2,1)
Nextl: NEXT 1

bum(l)=rtopx(l) ! End points

pum(J)=Topx(J)

Detv(l)s(Topx (2)=-TOopx(1))/Dist2

Derv(Jd)s{Topx (J)-TOpx(Jd~-)))/Dist2

RECIs Dun(d) ,Derv(d) ,2(J)

PAT imLum

AED1Y Topo{J+z) ,Derv(Jvl) i 3tore cutput as pinary tiles,
FOR 1sJ TO } STEP =)

Topo(li+2)=Dum(l)

Derv(i+Z)m=Derv(l)

KEXT

Tepo(l)md

rerv(l) =)

Topo(2)=Dist

Derv(2)=Dist

REDIM TOpO(J42) ,Derv(J+2)

pDISP “"Storiny oinary tiles.”

FCAEATE "Elev"éProraile$ll,2),52

FCFEATE "Derv®aProfiles(l,2),52

FPRINT “"Elev sProfilesil, 2),Topo(*)

FPRINT "Detrv"sProfile${l, 2),Decv(*)

DISP "FINISHED®

GOTO Function _keys

: 0990908800000 080000d00sdotngsdas ney

$
File ecit:! To edit binary files,

PRINT PAGE ‘
INPUT "Enter File to be ndited ie, Tday,Tnite,Refl,Topo.,,",Filesns
Filename$nFilein$() ,4)4Profiles (), 2!

REDIM Dur{1500)

FREAC Filename$ .,Dum(®*)

Jspum{l)

DistsDum(2)

PRINT Filename$,® Je";J," Dist=";Dist

PRINT LIN())

FRINT *Dum(3)=";Dum(3),"Dum("&VALS(J+2)6")=";Dum(J+2)
Editgxentuxc: PRINT "PAUSE AT Edit_feature®

PAUSE

Dunm(l)=494 j tesessense SPECIAL MOD FOR PRE BB ®ervevevccdnnes,
pum(2)=.508
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8990
W00
9010
9020
9030
V40
. 9050
9060
9070
9040
Suyl
i I Y
v1)0
9120
913
Plév
9150
9100
9170
9oV
9190
920v
9210
9220
%230
Yad0
9250
926V
9270
9240
92490
9300
9310
9320
$33v
$340
%350
$3o0
y370
93bu
Y39V
941
410
ve 20
943V
9440
9450
9460V
9470
9440
9490V
9500
951\
9520
9530
9540
9550
9560
9570
9560

FOR 13 TO 496! Sp cludze for B’
Dum(3)sDum(le+2)
NEXT ]
REDIM Dum(490)
BLEP
PAUSE
INPUT "DO yoOu wish tO re store tnis faile 2% ,AS
IF AS(),))<>°Y" THEN GOTD Ldit_(eature
PURGL Filencne$
YCRLATL Filenarey,52
FPRINT ralenames.num(')
GOTu Function_seys
§
‘ 90002 ¢0009020800000001980000000080098
I
tlev correct: DISP ® Llevation correction,”
FRLAD “Tuay®sProisle$(l, 2),Tday(*)
FREAU *Tnit"sProtiled(),2),Tnite(*)
FREAD "Elev " sPrcrsle$|l,2),Topo(*)
JaTopc(d)
DistsTcpo(2)
L=y
INPUT "Cnter starting anc ending distances for elev correl®,D),D2
11D /Cigte+]
12sL2/Diste]
POR 1w1142 TO 1242
Lele)
X(L)sTcay(l)
Y(L)sTopo(l)
ZiL)=Inite(l})
X2(L)=({Tcay(l)+Tnite(l1))/2
NEATD ]
REDIM A(L),¥Y(L),2(L),X2(L)
CALL Linear(Y(*),X(*),L,Alpna _ocay,Beta_ocay,Dev_oay)
CALL L:nea:(!(‘),z('),u,.lpna nxle,pela nite,Dev _hite)
CALL Linear(y(*), x;('),L,)lpna nean,seta rean,DeV _mean)
PRINILR 15 0
TXEL 4
FKINT “Tuaye “GVALS (Algpna_day)s® * Elev + "sVALS (Beta _O8y)s" +/- "svALS(DEV _Cay)
FRI1W? “4nites '5vALS(A1,na nite)s™ * tlev + "vaLS(Beta nice)s” +/- "sVALS (Dev _hite)
PRINT "Treans "4VvALS(Alpna nuan)&' * Elev + "WALS!Beta rean)e” +/= "WVALS (Dev_ “me&n)
PRINT
STANDARD
PRINILR 1S 16
PRINT LIN(S)
PRINT "Use CONT to tename 7day ano Tnit as Tdt and Tnt *
PRINT "ano stcre elevation correction values in Toay ané Tnit.*
FAUSE
RENAME “"Toay"sProfile$|l,2) TO "Tdy"sProfiles(},2)
REMAME ®*Tnit*"sProfiile${l,2) 70 *Tnt"sFrofiles|),2)
FCREATE "Toay"sProfiles|l),2),52
FCREATE "Tnat"sProfile$(1,2),%2
Elev_corrs=) { Set elevation correction indicator
AlpnasAlpna mean
FOR 1=1 TO J
Tuay(1+2) *Tcay(l+42)-Alpna* (Topo(142)-1400)
Thnite(1+42)=Tnite(1+42)~Alpna® (Topo(1+42)-1400)
NEXT 1
FPRINT ®Toay"tProrile$S{l,2),Toay(?)
FPRINT *Tnat*sProfiles(l,2),Tnite(*)
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1111"
P6v0
%10
9620
9630
9640
96 50
9660
| T3lY
1 I I
9690
9700
9710
9720
¥730
9740
7%
9760
$770
9780
9790
9400
9610
9820
9830
9040
9650
9860V
. 9670
9680
98690
9900
9910
¥920
9930
9940
9950
9960
9970
$Sdu
99%u
3000
10010
3002y
v
10040
10050
1000V
300
10080
10090
10100
10110
10120
10130
10140
10150
10160
1017
10180

PRINTLR 38 O

PKINT

PRINT °%20 testure odta tiles;:®

PRINT ®PURGE Tudy.. jRENAME  Tdy.. TO Tday..
PRIIY "PURGE Tnit,, JREMAME Tht.,. TO Tnit,,
FRINT

PRINTER 18 )6

DISP °FliISHED,."

GOTO Function_neys

[}

$

Report _plots ¢

pisP YReport plotting.®
SERIAL

PLOTTER 1§ 7,5,"9672A"
GOSUE iult_tile read

MAT Ret)sketl*(T00) 1 Convert bacx to
Dam25

X¥="Distance(am)®

MAT BEARCH X(®) ,MAX; Xmax
Xminsd

DEe (Xmax=-Xmin)*,12%/6
PEG

FOR 1=) TO 4| Four sreets
IF 1=) THEN GOTO Plots)
1F 182 THEN GOTC Plots2
1F 1) THEN GOTC Plots)
1F 1s4 '"HEN GOTO Plotsd
Plotsl: MAT isToay

Y5 "Tenp (K) "

Dy=$%

Spy=" - Day."

MAT DursTnite
D§="Tenp(K)"*

Days=5
Sg23=® - Nignt,*
GO1C 10230

Plots2; MAT Y=TopoO
Y$="Clevation(m)"*
Dy=100
Sps-ll
FAI DunsDerv
p$="Gracient (m/xm)*"
spza-ﬂl
Doy=10
GOTO 10230
Plots3:MAT YsDt
Y§s"Temp(K)*®
Dyus .
Spy=" - Tenp oitr.”
MAT Duns=tiean
D$=Y$
5p25=" -~ Temp mean,”
DaysDy
GOTO 10230
Plots4 :MAT Y=Refl
Y$="Refl (V)"

Dys=5
sps...
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1019V KA} Dunelnert

1020V Duye’0v

Ju2lV Daslinvitia(TIV)®

U220 sp24e"°*

302)v FOR k=) T0 2

JU340 LINIT U,400v,V,445

JO25) LORG 5

3026V CHILL 2,75

10270 IF Pe) THLN ade(2°¢25.4-1023.%)7:,0/2e%
30260 IF ¥od THEN X)oA)ep.5%25,4°)00 /405
JO2%V <2sX)¢5,5%25,4%)00/205

3030V 3iw(2°25.44)4)*)Vu/28b

JVIID Y2eY)4d®25,4°)00/285

JUILY viOVL A3 #4%25,4°)00/205,¥)~.5%25,0%10V/28%
JV3Jv LALEL X)

10340 LDIK YV

JOISU MOVE X)=.9%25.4%)0U/2e5,%1+4,25°25,4°)00/485
JUlbu 1F Fed THEW YeeDY

JOIU LALEL Yo

JVlou LDIF WV

JUIdyy LW hi'L 13,82.\').12

IWeuu FRALL

JUsdv LURG 5

JUuésV IF vez ldth #AT YsDun

Jud sV 3t resl TrEh Cysduy

10440 1F P=¢ '¥nthy SEI®SELY

JUsdu LAY SEARCH Y (*) MAN Y IWAX

JuaoU LAY DEARCH Y (®) MINYRAN

JusU ¥YminsINi(Ymin/Dy) *Dy

10400 Yiraxs(INI (Ynax/Dy)+3)*Dy

Judsy Dyss(Yraa-ymin) *,125/8.5

JOSuU SCALLE xnmin,amax,Yirdn, Ynex

1ubl0 AALS Ox,Dy,amin,ynan,4,2

10540 OulkL  T05;"vS2;"

JUSI) mOVL Xinan,Ymax

JUS4U CRAw Xnax,ymax

10550 DRAw Xrax,¥min

10%0u FOK Icm=) TO J ! Draw curve
1070 IF 1c=) ThER MOVE Aallce),Y(1c)

1050u DRAn A(1c),¥Y(1C)

1059V MLXT Ic

106v0 OUIPUT TUS;"VN;"®

10010 CSIZE 2 ! Lapel axes
J0b20 LORG 8

JOe30 FOR ¥YssYmin TO Ymax STEP Dy

JO40 MNOVE XS3in=-Dxs,¥Ys

10650 LABEL VALS (Ys)

Juo60 MNEXT Y8

10670 LORG 6

10009 FOR Xs=Xmin TO Amax STEP Dx

1069%u MOVE X6,Yrman-Dys

107v0 LABEL VvALS (xs8)

10710 NEMNT X8

10720 LORG 5

10730 KOVE (anminexmax)*.5,Ynax-Dys®2
10740 LAGEL "Protrie “"eProf:les(),2)6" "4SESe® "shAreass” Area®
1075 PEN O

30760 NLXT P

10779 OUTEFUT WS;"AH; "

10760 OLUTPUT /US;"AH; "

10§
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30610
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SITEN
10040
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0oy
e
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105U
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3092V
el
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J0950
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097
Juyp
JuyIdv
13000
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1104V
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JIuvéu
3105v
R I
JIOW

L4
T S
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< o
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11400
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WEAT )

OUTPUT WS "An*

GOTOQ runction_aeys

: 0000000080000 0000006000000000000000p000
]

SUM Linear(x(®),Y(*),L.Alpna,Beta,Dev)
I Favt Y ® Alpna®x ¢+ Beta ¢/~ Dev
OPTIOn WASE )

D1 RI(S90,0), ¥ (500, ), xerns(d ,500),0(1,3),5(),)),F(3,))
REDY AJ(L, 1), Y3 (L)), Mtens(),L)

FOR Is) 10 L

Al d)matl)

Y3(l el

heal

AngonNeSUALYL /L

smeansSur(Yl) /L

FAT Alspl=(4Anmean)

hAT Yil®Y)=(Yrean)

MAT ARENBSTAL(X])

bal Ceatrnsexl

MAT Reliv{Dd)

PAT Dsxtengey)

MAL FeR"D

hilpnasf(l,})

BetarYrean-Alpne® Aran

LAY Alexle (aAnesn)

MAT Yleyle{ymean)

AT A)skl® (Alpna)

U MAT Alsale(deta)

MAT Kl=al-Yl]

AT Alsk).Xx)

DeveS R(SLH(AY) /7 (L=-1))

SUDLLND .
S5Ub Fast_litst (A(®),Dx L, AVpfer ,Xlower ATAn,AR84)
f Cutput 06 ANl b, ADdA

OPTION bASE )

KEDI X (L)

AodussU(X) /L DIV VaA*DX

Al SEARCH X({*®),LOC (>=rupper) Nupjet
ANBREARLU+DX

MBx_S¢8TCNIMAT SLARCH X(*),LOC (PAmax) N
IF h=hupper<l®. 06 THEW man

ATIAKSARAN DA

GO0 wax_searcn

MAN:NAT SEARSH X(®),LOC(<=Xlower) Nilower
ARl n=s Aman=-Dx

Min_searcn:MAT SEARCH K({*) ,LOC(<AninN) ;N
IF A-Klower<L® .4 THEX Finisn
aminsXnin=-Dx

GOTO i4in_searcu

Firasn:SUBEKRD

LND

10l oF POOR G4
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