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A. Problems

Thermal data acquired aboard a U2 NASA aircraft over Walker Lane,
Nevada were forwarded to us for examination. The data illustrated
several noise problems: coherent system noise, scan line dropouts,
"salt and pepper'" noise, and gyro noise. At the HET meeting last
January, Dr. Barnes indicated these problems were being addressed.
Hopefully, these noise problems will be corrected before the first data
flights in April over our test sites. :

One other problem was presented at the HET meeting in Phoenix.
That problem was that ground calibration data from White Sands Missile
Range might not be acquired for the HCMM Mission to calibrate the
0.5 to 1.1 and 10.5 to 12.5 micrometer radiometer channels. We have
addressed the impact on our experiment if no calibration data are
acquired. (See attached letter.) - We would like to reiterate that lack
of calibration will affect our absolute thermal-inertia determinations
and hence comparison between sites and over the seasons. .

B. Accomplishments

The prelaunch investigation has focused on interpretation techniques
development. We have worked on two of the principal tasks.

‘The first of these is further evaluation of our thermal model.
Last year we investigated the magnitude of the errors incurred in
producing-a thermal-inertia map and expressed these errors in terms of
uncertainty in thermal inertia. These uncertainties were then placed in
geologic context by noting the separation in thermal-inertia:values for
various geologic materials (see attached reprint). We have now developed
a new method of calculating the Jaeger Laplace Transform solution for.
surface temperature which is more efficient on the computer than the old
method. The accuracy of this solution and of two other solutions - the
linear Fourier series and the finite difference - were then recomputed.
This time the analysis was performed using 48 time increments over a diurnal
cycle instead of the 10 increments used previously. The results are that
the Jaeger solution is essentially exact, and the relative accuracy of the
finite difference algorithm is approximately 5% and the linear Fourier
is approximately 5%. We are in the process of extending this analysis of
the three algorithms to determining the accuracy of each in calculating
geothermal heat flux. The benefits of this type of study are twofold:
one is that the geologic application determines the choice of algorithms,
and second is that the study is indicating different p0531ble approaches
to determine the geothermal heat flux.

The next area of study was the development of a procedure for
performing geometric registration. This procedure requires reference
points to be identified concurrently on a control image and on a "distorted"
image. These control points are used to construct a geometric correction
grid. The correction vectors for the grid are determined by a weighting
function of the four nearest control points using an inverse distance rule.
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Once the grid is generated, the geometric correction is applied to the
"distorted" image using a bilinear interpolation routine. The radiance
values are assigned to the new grid using the nearest neighbor method.
These routines have been programmed into our computer and are operational.

We now have certain data products available to proceed with some of
the other phases of the investigation. We have solar and meteorological
data acquired simultaneously at two separate sites. These data will be
analyzed to determine the transient effects on a local versus a regional
scale. We also have solar radiance and sky radiance data acquired on
the same day at altitudes varying from sea level to 14,000 feet. These
data will be analyzed to develop a model of the variation of solar

(direct and diffuse) and sky radiance with altitude. Another product
we have acquired is a map of the southern part of the Powder River
Basin showing sand/shale ratios measured from hundreds of exploration
drill-hole geophysical logs. The measurements lump the top 65
meters of geologic section, but this much of the sequence is exposed
across the area in the rolling hilly surface. The facies shown by
sand/shale ratios in the Wasatch Formation match the previously
determined patterns of vegetation cover displayed in specially
processed spectral-ratio images from Landsat. The existence of
facies which had not been mappable in normal geologic field work is .
important information which will bear heavily on the interpretation
effort we proposed for HCMM data. The lateral change across the
"study area, from dominantly sandstone to dominantly shale, should be
visible in thermal data at 500 m resolution. The measured sand/shale
ratios will be used as control data for calculating such ratios from
gamma-ray survey data available at course flight-line spacing for
the entire Basin. These ratios will be used in a later study to.
correlate with the thermal-inertia images.

C. Significant Results

The significant results from this reporting period are:

Development of a new more efficient algorithm for calculating
surface temperature. ' '

Determined that this algorithm is essentially exact and that
the relative accuracies in determining thermal inertia of the
finite difference and the linear Fourier series algorithms are
approximately 5% for both.

Developed the procedure for performing geometric registration.

For details of these results, see the accomplishments section.
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D. Publications

Presentations were made during this reporting period by four members
of our HCMM investigation team. All of the lectures were presented at
the SEG remote sensing school for exploration geophysicists held
January 23-27, 1978, in Denver, Colorado. The titles of the lectures were:

"Remote Sensing Overview," T. W. Offield

"Digital Enhancement of Geologic Information in Multispectral
Images," D. L. Sawatzky.

“Case History - Thermal IR," K. Watson

"Detailed Techniques - Thermal IR," S. H. Miller.

E. Recommendations

We recommend that NASA acquire the radiometric calibration for the
HCMM investigators. See the problems section.
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G. Data Utility _ EE

No U2 or satellite data have been available to us.
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.F.\A’:\!.UA'?H‘.‘E OF ALGORITHMS FOR GROLOGICAL 1‘1!!~Z!i?‘1.\i.;1NF.R’I‘!A MAPPING
S.H. BRI Ler and Eenneth datson )
.8, deoteprtenl Survey, Penver, Colorado
‘ ARSTRACT

The errors tncurred In productnm a thermal=inertia map are ot three general
: meoelsurenent
teal relevance of errors, we oxpr them In terms of uncertalnty In
thermil Inertin and compare these uneertaint fes with the thermal-Inertia values
OF peolorle materiais. Thus the anplleatlens and practical limivations of the
technijue nee 11lusteated. .

M) -‘~x':'cx!1':‘- are enldeulated asings the parameler values appropriate to n alte
at the Hart Elver, Id.  Althouph these orror values serve to 1llustrate the mag-
nitedes Lhat enn be expeetod from the throe peperal types of errors, extrapola-
tion to other sites should be done using parameter values particular to the
areh,.

‘casurement orrors Intraduced by multispectral senmning systems commonly
rangFe from a nolse~cquivalent-temperature difrerence (HEAT) of 9.1K ror alpr-
erart svatems to 1E for satellite systems. The resulting uncertalnties In
thermal fnertia range from 15 TI0 (thermal=Inertia unit)® to )50 TIU,

Three surface temperature alporithms: were ovaluated:  Iinear Fourler
serles, rinlte difierence, and Laplace transform.  In terms of resulting errors
In thermal itneestia, the Laplace~transtorm method 1s the most accurate (260 TIU),
the forward fintite<difrerence method 1s Intermediate (300 TIU)Y, and the linear
Fourter uerfes method the least accurate (460 TIV). However, the two more
exact methods require more computer time, and both lack the ablility or the
Fourler-sories abirorithm to 1llustrate the physiceal sirpnitficance o iIndividual
terms. Ry  comparing the errors with the range of thermal Inertfas of geolople
materiats, 4 Is possible to scelect the most cost/effective alporlthm for a
particular avplicatlon. :

SModel Simpliflcation errors result from three sogrees: transtent efrects,
topoprraphy, and surtace eoating erfects.  For example, flux or 35 watts/m®
(equlvalent to a water ovaporation rate ol 1.2 mn/day) would produce a t.hor'm:l'l:—
inertia error of about 200 TIU. 1{ no topopraphic correctlons are made, a 10"
southwestern slope causes an error In thermal Inertia ot about 350 TIU. A
hematlte surface coating one centlmeter thick on a rock will produce an error
or approximiately 200 11U, whercas a onc-millimeter layer thlckness will have a
neplipible effect (25 TIU). . .

" The total system errors In thermal Inertia are placed In geologic context
by noting the separatlon In thermal-inertia valugs for varicus peologle mate-~
rials. For example, the thermal-lnertia separatfon between llimestones and
dolomites is typically 1200 TIU. The crror analysls technique indicates that
thermal-inertia diserimination should be possible between bLlack shale and gabbro
(separation of approximately 450 TTU); discrimination between these two mate-
rlals was not possible using Landsat spectral-reflectance data.

Frrors in thermal fnertia can be translated fnto errors in bulk density
and molsture content. Thermal-inertia mappling from afrerart (NEAT = 0.1K) has
an accuracy of about 1% in butk density or equivalently, a sensitivity of 0.3%
In water content. From satellite (NFAT = 1K) these accuracles are 9% and 3%
respectively. : '

A practical evaluatlon of the error analysis Is demonstrated for a2ircraft

data acqulired at Rart Rivir, ld. We ecannot diserlminate i tuff from the al-
luvium, h:gvln;_‘:‘: lower thermal inertla, and the iava, having a higher thermal

A — 1, "
L TIV = 1 watt -« scc’/m7/K
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" A
htl”l. wlthout a topographic ¢ \r'r'utlnn, but we can dlserimluate the lava ! §
flows from the alluvium. - 1

1. INTRODUCTION : - N

Thermal-tneertia mapping s o recently developaed techntgue that atlows dise : :

crimination among peotopte matertats (v}, (21, 131, (41, (5], 16l The purposce
of thiz paper is to discuss the types and magnitudes. of errors cncountered in .
applytng this teehnlque and to express Lhese evrors In a geologteal Iy meaning- ) . .
ful way. The crrors are of three maJor types: measutrement crpors, ansnlysis ] "
crrors, and model simptitication and assumpt ton crrors.  The majer focus of H
this paper 1o to develop a procedure to seleet, an .x\rm fthm which s .\ppxoprl- v
ate Lo the geolopie appiteatton and which minimizes computer time. . i

In additton t.:\ presenting the mathematical basis tfor the three alporithms,
woe provide a numerical evaluation with respect to an exact solution.  Estimate
of the crrors due to measurement and model simpliricatton are combined with the
analystis errors, and all crrors are expressed as uncertaintles ta thermat
tnertia. These combined errovs idre compared te the thermal-lnertla values
determined ror some selected peologle situatlons.  As an Hlustration of the
analysis technique, the Fourler-serles algorithm iz applled to the construction
of a thermal-lnertia map of an avea in the Ratrt River, Id.

. MATHEMATICAL BASIS

Thermal tnertta s a physteal property of geologle materials, and 1ts value
catt be determined by measurements of the diurnal vartation of surface tempera-
ture and the albede of the surrace. A physteal model for the surface temperia-
ture varlation ls therefores requirved. B

We assume one-=dimens fonal, perlodic heating ofl a uniform halt s space of
counstant thormal properties. 'l he ground t empoerature, vlu‘\ s the diffusion .
equat ton: ' _ o : ) !

22 vix,t) _ 3 vix,t) ' . " (n

v 2X° it . ’ ‘ - . !

where \'(x;t) 1s the ground tvmpm-:n.u‘t'c at a distance x below the surface and R i
a time L, and ¢ Is the thermal dittrusivity. : ' N

To solv¥e this equation Tor the: surface temperature, we regutre a form of . o :
the soluttfon appropriate to the dirfuston equatlon and the boundary conditton, - N
wvhich ansumes conscrvatlon of energy over the dturnal eyele.  Before looking at
possible forms of the solutlon, we need to lnvestipate the boundary condition, . B

N - i , . If we assume a heat-balanece condition exists at the surface, then the
tncoming heat tluxes—--the incldent solar radlation (1), the sky radtation (S),
and the peothermal teat flux (Q)-—mu.»v balance the uullolm. fluxes--the con-
veetive flux (¢), the cvaporative rlux (E), and the ground reradlation llu& (R).
The n‘sull,lnb expression of the heat flux at the surtace Is:

—x L) =T +S4+Q-6€=-FE-R : (2 !
LooAxe x:0 : ’ ‘ .- v
. . ' . . LT . : ]
where K Is the cnnduc_lzlvll;_v of the material. The convecetlve and evaporative o o
Cluxes are Included v cquation 2 for.completonessy; hawever thase tormsz will be ' . .
hamdled only qualitatively In this paper, : N
The pavametor of interest, the surtade temperiture, 1s ppesent in equation i
2 in the heat-conductlon term (the lert hand sfde of -equation 2) and In the ' "
ground-reradiation term (xi) Equation 2 Iz rewritten to display the surtface l .
temperature: . N . . e
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-k 2xlxt) = wco v(0,0)% £ alt) + Q. ' (3)

x=0

[P

where € s the mean emlissivity of the ground, o Is the Stefan-bBoltzmann cone
stant, a{t) 1s a term comblntmy the time~dependent solar Clux and sky radlatfon
flux and thus includes the surtface albedo and emissivity, and Q 15 the geo-
thermal heat flux. This expression must be sattstied for any ecquational foem
ol'_,v(x,t.) chosen for the solutton to the diftustion equatfon.  The nonlinear
form of this boundary condition prevents a divect analytical solutlon of the

dt ftuslon cquatton.,  An’exact numcerical solutlon can be cateulated {715 however,
the complexity, the difficulty of fllustrating the phystéal sipnificance of -
terms, and the computer costs all provide luncentlive for investigating less
exact algorithms, )

One method of handltng the unonlinear boundary condlition is to lincarlze
it and to express the sc.utlon to this conditlon in an exact form as an infi-
nite Fourler series. The lYinearization 1s achlieved by pertorming a Taylor-serles
expansion of the surface temperature around the sky temperature and discarding
quadratic and hlgher order ternms.  Thls solution has been discussed in detall .
by Watson [I],nnd the form of this solution fs:

. ’ 5 éos(nuk'- e - &
v(o,t) = T o+ T4 (1-p) s ¢ L0 D

sky 8 o n=y Q(SH'\F): + (l‘\ll_\)z.

)

s = ucoTsky

n

tan"(;—'—'ﬂ——)
s + rvin,

and'quy Is the sky temperature, A iIs the ground albedo, € is an effective

anosnher!c-trnnsmissl6n facter, S, 1s the solar constant, Q is the geothermal
hea; P)ux, An and “n are the anplitude and phase of the nth harmenle ovahe

insolation, and P Is the thermal inertia.

Another method of solving the diffusion equation Is to use-the 0xact; non-
1inear boundary condition and to apply a. t'inite~difference iterative technique
{9]. This solution assumes the form: T .

v T - 2.V ‘+ v ‘& Lﬂ!ii (v - -V
m+l,n S Tmyn m-1,n At « m,n+l m,n

y ' (5)

where Vm n is the ground temperature at a time, nat, and distance from the sur-
1

face, max; Ax and At are small increments In distance and time; and -k 1s the
diffusivity. . :

The: forward finite~difference method requires an initial solution and pro-
pagates this solution forward In time. To Insure continuity at the bhoundary,
the -heat-balance boundary condition must be satisfied. The boundary condition
for the forward finitc-difference solutlon Is expressed as:

Ax 1 ' . o
Vaner Z Ve Y RO r{vo,x\+1’("’1? M} A o . .(8) | {

where K is the conductivity and 1 is the flux (rq. 2).
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Numerteal ;=x::hlll'v-:m~! «'nnvvr'—'r" » ruL constiealnts on the size of the
time and dlstanee Tnerement s, Ty
foy condi ton :

theme errors do net pmpow, the stabl e
A ]

(T

he .H(ru:!.--y cauation o toe the nentinear
AN .-~,1‘ Pl omethed of Larlace transformns 171, This
d1 Sothe surfmce temperatare withe-

deptha,  However, (he solutien

R ‘ ' LI :E: it} nEl,t i, m ' 9 . | .. 4

we

. o .
Swieee !"“ Inte o the pround In the nth time Interval; ¥ iz the
“thermad Inertia; ¢ e the pertod o the hegt ‘.:u:‘ rlux; \'l_"I:'- the averapge surface
temperiare In the athovime Intepvals amd the ¢'a oset off numerienl coot-
o ) CPletents determtaed Shjeiy By, the totatl number fntervals In g, A detalled

deseription of this method cnn be round- In daeper |71 for the poertodie heat tng
of o haty

. Pase s and Ve method was estogsded by Wotuoen (3] 1o the beatluy of a
layer over a4 halr o .
w3 3. ANALYEIS ERRORS
i
L1 . :
2 ""n‘ proevious sectleg prosents the mathematteal basls for Lhe three nio-
i u to compate the dlurnal suefiee temperat ures [ENT I RS In this
i !un. woe o numerleally compare the epropes by exprosstng: hoe in.v::;‘ni'uuv G-
! ces an equivalent A1rrerences in o the Folonertba, The Jirficulty tn opera
. = coetving the phystend slhentrficanee of terms and ( he ameunt o computer tlne
- . vequlred for ecach alpoe!thn aice also dlseus e : . '

The evalustton O the :!h’.x'r'lt»l.xtﬂ In t¢ o uncertalnt tes tn theermal
fneetia Is pocforacd In two steps. " The Clest Is G compare the three a lpovithme
*IUH cach other by apprexinnting the tneldent solar lux o a stnusoldal hatt R
viave . The secord step Is o compiare the most oxiaet abyorithm--the Laplace :
tianstorn~=with an exac! theoretionl solutlon--a1 pure singesold flax.  This
evatablishos the prel: «tlnn.‘hlp‘: ot the three methods to Lhe oxact solutton, The
resulting creors In thevmal tnertla tor eaeh of the alyor l.h"..‘ compared te, the
exiact solutlon are: : - . '

Laplace-transform . A'rc: Fthm B 200 TN

35 } Fintte-ditrerence Algerithm . RIS I oo . s
g Fourler-serfes Aty rorithm : : heo rru : . : .
% Table 1 glves the 1ist ot }.\;n':mu‘t,cl- values used to make the above compartson,

The relative ordering of the a leorithms with respect to aceurie v Ia ans
expectoed:  the Laplace-transtorm alporithm, which ts an implielt relatioushlp
between surtface tem porature and .~ur faee flux, s the most acenrate; next the .
r lnlh_-\lll ference solutlon; and stly the Fourler-serles a Teorithm, ‘which .
Hrearizes the radlattion=t l‘ msrer lnl ms.  The magntitude of the crrors ecan be

T, PRI

: s mikde more peolopleally meaningrul by neting that solls typleally have thermal
fnertias In the Pagze o 00 to 2000 TIU and that rocks Lypteally have a range

j I . of thermal tneetlas of. 7000, Lo 4000 TIU. (A more detalled diseusston of the

- Y ' thermal fnertlas of peologic materials i prescated in the dizeriminavlon of

reotople motertals seciton.)

An faportant conslderatton tn the cost/e frectiveness of thermal-1nertia
mapping s the computer tme tedulred Lo solve the varfous alporithns, e the
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The seccond type of error is a misreglistration of a calculated thermal
fnertia to a tepographic map. This error is an Inaccuracy in the assipnment of
a thermal fnertia to a partlcular geogruphical point.: We have not estimated
the magnitude of thcse errors; however, we have qualltatlvely oxamlned them.

Misrepdstration of elther type Pcﬁh]to from one of two conditlons: the -
spatial frequency of the misregistratlion is higher than the spacing of the re-
ference featurss or the Image features are not discernible cencuph to select
suftable reference points, The first of these conditions--the rapidly varying
scene~-1s correctable by choosing more r'requent reterence points,; and the re-
sulting errors In thermal inertia can be minimized. The-additional polnts do
impose a signifricantly higher computer time. The seccond condition-~-low scene
contrast--1s common especlally in nighttlme Imagery. In such situations the
best estimate of the location of a reference feature on an Image-pair is made
by scaling the distance from other identiflable features. In this case, the
resulting registration may be geometrlcally inaccurate but numerically couiva—
lent duc to the resulting low contrast dmage, which will not exhibit much vari-
atlion in temperature and/or reflectance values., Thus, these errors produced

in computing or assiygning thermal inert” 2r¢ small. The edge eoffects that may
be produced by identifylng 1catuxos b: . sinf can be reduced by spatial il-
tering. : :

In addition to the measurement errors, another )mpor tant source of error
in thermal-inertia mapping results from simplifications introduced by a par-

ticular model. These simplifications Include the cwcluslon of transient fluxes,

topography, and/or surface-ccating effects.

Transient effects are those resulting from such conditions as cloudiness,
windiness, or ground moisture. Effects of this type can be viewed as a flux
perturkation on the periodic solution [11}.  To 1llustrate this»sltuation, we
conslder a heat-flux oertnrbation of 35 watts/m?. The magnitude of this pe
turbation is equal Lo 5% of the solar constant; or an equivalent change_in
sky tCﬂDOPaYUPP of 10° K, or the effect of an e\anoration ratecof 1.4 x 107
m/sec (1.2 mm/day). The transient-effect calculation was made by varying the
duraticen of the perturbation and noting the resulting change In surface cem~
perature at a later time. A graph expressing the resulting errors in thermal -
frertia 1s preseuted in fipure 1. The maximm crror Introduced by this per-
turbing flux is approximately 200 TIUL.

Correctable topographle effects require an assumption as te the scattering

“1aw far the sloping surface. and the need to neglect repradiation betweea adja-~

can sorfuces,  Woe shall assume that the surfaces are,Lamhért reflectors, and
Laus the local solar flux Is proportional to the cosine of the angle between
the surface normal and the solar radiatlion. In that case, an east or west

. Llope to the surfuce causes-a phase shift in th diurnal temperature curves,
. and 2 north or south slope to the surface produces a change in amplitude of the

diurnal curves. A surface orlented in any other direction produces a combina-
tlon of phase shift and amplitude changes. Both changes result 1n erronecous
day/ulght temperature differences. Similarly, slope and surface orircntatlon
affect the reflectivity and can cause erroneous determinations or albedo. Both

"temperature and albedo errors contribute to an incorrect determination of

thermal inertia. The magnitude of this error (using the Rary River parameter

_values) for a 10" slope facling southwest is approximately 350 TIU with.the max-
_ F

Imum error 1in thermal incrtia oc°urring for a southwestevn facing surface (fig-_
- ure 2) .

Surfacc coatings change both the .surface reflectivity and the diurnal tem~
perature; hence they affect the apparent thermal inertla of geologle matertals.
We examined the thermal effect of a hematite coatling over a half space, having
the average thermal incrtia of lIgneous rocks. Figure 3 shows the implied
change In equivalent thermal inertia for various thicknesses of thls layer ([8].
For cxample a hematite layer of 10 millimeters will produce a.change in. thermal
inertla of approximately 200 TIU. If the layer thickness is less than 1 mi11li-

meter, the coating is transparent in terms of thermal-inertia mapping but will
be observable as uan albedo diffecrence.
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“ston, !’x‘r':l.:l:)t!nh Petween adtacent surraces, or shadowinm effects are also

112, 13f. b
Cror 1imestones” is

analysis algorithms ecan be used, the selection of the algorithm will bo deter

“and dolomites

Or the three stmplitieation erfoects
rectton s gt oa stapge of \h*\'-‘lnpmcnt to h'd hu o the thermni-
TrnertIn mappling. o local vartattons tn tace alndoyr, vegctat ton
vover, and osurtnee rowphness coenr ot aase .1!.‘ wh!ch pr «‘(‘lnd( detalled mode o
Leaauae l!nn. would reaulre d-otaljed kno Tede off these effeocts at every point .
the test slter - We constder thege Ly s o etforts cecureln at o toeal . ot
{ :'l-vd-u-('clv trer o practicnt uste of remote-sensing technigues, Simfiar-
Y, topopraphle errect In loealtcsed arcas due Lo departure rrom Lamboert eomts-

only the tn;u\gv':\pl‘v COor-

probabiy In the same catepgory.
Boo DESCKIMINATION OF GEOLOSIC MATERTALS

miltudes of crrers encountered

In the previoos sectfonn, the l toes

In performiog therml=1nertla ma wpl !,»'_ e dlascussed. Now these crpors dre

tliaced o peotoptle convexy W ther wby o ovide crlter ror evilunt Loy the en-

tire procedure, I‘ s the selectton of modellr alporichm and datn-collection
r it

i
Ocedure oan be examined tn otk

Pipgt ol' a paet lectar roclomtie sttuattion,

A‘:'-' an Ilasteatlon, atsume that we wish to dlserim!nng o between Timeatone - .
amd dolomite from a satelllte dnoa wdy afte that fs velatively riat and whose
cutereps have fron-oxbde statns of approxtmotely one-nf U lmet or thlcknoess,

Errvor Sourvces ) Error Mamnit thde
satell ite measurenent 150 TI1u
t ‘l\oc,r-'u‘hh: erects : O TIU

Tave=coatingg eff'ects. : RV R : ’ )
n; 1\\1] transient eft'vcts’ TIY : i
» TIU : ’

hese measarenent and model stmplicieat ton Crrors are new combined with the

analysls errora. The total enoerrors for each atporithm are:
Algorithm ’ C . CApproximatel ol mrror
Fourler serles o . Tio
Blalte J {rrerence : o0 TTUY
Laplace transform . D50 TIU

We now know that we eannot dizeriminate between u\.ol e matertals having
o thermalelnertla ditference o leas than TROOTIU u::ln_»_. he Fourter-serteas or

Or ress than 550 TIU using the Liaplace-transtorn alporithn,

Floure I shows theprmal-toertia hlstomrams o vavious sodlmentary roockas
toprans, wo ("m determine that a typieal t!:c"n"ﬂ fnertia
: TIU and rordolomites is “\L‘O TIU; thus the separatien
Is greater than the least accurate o.! the nhtm'! Since any of l!.u threo

mined by the cost/cefrectiveness erlteria and { he Fourler serfes would be
salected., : ’ .

In the hypothetical ease, 1€ we wish Lo
which typleally have a thermal
select the Laplace<traunstorm alporivthn,

ndstones
s

S50 TIg,

nate botweon s
separation of

We

T able 3 oshows typleal s thermal-luertdia via e Toroa range of fpne2us rocks.,
The separation between a rine-prained telste roco {rhyolite) and a coarse-
gralned felsle rock (prantive) Is enly J00 TIU; the separatlen between rhyollte
and a coarse-gralned marle rock (gabbro) is approxtmately 00 710, Discrimina- ) f
tlon o a tinc—mralned felsic vock trom a conrse-praltued telale rock ean be
achievos with the Laplace~transtorm technigue, using mandy ftorations and short-
entiys the time Interval.  Plzoriminavrion or a fine-pvalned ffelste reck rrom a
coarse=prainitd marfc rock oan be :i.hlcn-d_wn'h clthoer the 'indt e=d{rrerence
alporithn or the Laplace-tranarorm alworithem, depending Clest upon the meas-
urement and model crrors and segond upron Uhe costerfect fvenoeas, . : £
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TABLE 1. .Faramcter values used to compare the three algorithms.

A fy A

F_ = 475 watts/m?

= 260°K

Ji‘.‘-

'sky
c = 1.0 .
At = 8640 sec (0.1 day)

Ax = 0.12 m -

N s e L e

TABLE 2. Helative ranklng of nlgorithms with reaspect to cost/errect iveness.

L Ameaas e

ALuoH

: TRITERIA : _
Accuracy computer ‘Iine Visuulicinge H
it Physlceal Slpnt- .

flcance of Papraneters

i vt NI U Strrme s S
i

Linear. Fourler Serles Least Least Ye's
Finlte Dirference | Medians - - Medtan - . L No
Laplace Transtorm Most - Most B : ,NQ'
L e
i
1
. ) 1
Table 3. Typlenal thermal-inertla valued for a rranpe of Uoneous POCKES. :
CROCK Ve ' THERFAL INERTIA (T1U) . ! . N
Rhyolite L. T l1es0 . E
Grantte . ’ N . 2150 - i . EIS T
Basalt = - : . B o L2200 T ’ S
Gabbro : ’ o : '“50 .
E
H
b2

‘Table L, Typical thermwl incrtlﬁ v]ueb for some reologic md'nxials LhnL wepe

_studled using Landsat data l9. lJl :~§
ROCK TYFE o , THERMAL TNERTIA_(TIU) 3 ‘?é
. o . o . o B
Black Shale . - 1900 HE
Gabbro ) ' 12350 R
Busalt/Andesite 4 2200 {1
Argillite : ' S 2250 L
Black Chert : . . - 3100 3 E.
C ‘ ' 4 .'é
A i
: M H
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