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1. Foreword and purpose of research, :

i
'

{
! |

Determination in the field of the nature of ground surface material is ’
frequently time and effort consuming, and indeed is not always technically
possible. Thus the possibility of effecting such analysis by remote

sensing .y satellite or aeroplene) seem of great interest.

At least theoretically, it may be possible to deduce the nature of the
material rormlng a terrain from its thermal charaeterlstlcs, by meesurxng,

by remote sensing, for example, its surface temperature at two different

and significant moments of the day, when temyerature value is close to
minimum and to maximum. In fact it can be shown [i] [2] [3], h]

that the value of total dally temperature excur51on of a soil (maximum

value minus minimum value) is connected to the product ¢.¢. )\

which is characteristic of the materlal belng examined, where 5 is density,

¢ is specific heat, )\ thermal ccnduct1v1ty.

On the whole this connewlon is effectlvely recognizable only if the

surface is composed of 1ntegral rocky material (i. ., has no surface

stratum of degraded, fragmented or transported materlal), with a negligible
humidity content, and not covered by any kind of vegetation [:5] ,LG]

As a hypothesms a rocky surface of the above kind was envisaged, consisting | ln
blocks of three different materials (see par. 4, belcw) and an analysis

was made of the possibility of identifying the dividing lines between such
blocks and, where possible, to form a first approximate idea of the kind

of material forming the surface of the terrain.

This attempt at identification was carried out by simulation of the thermal
dynamiecs of the soil surface during a day in which atmospheric conditions
were average for the 1atitude in qpestion (W. Europe). {
As will be descrlbed in detall in par, h, simulation was used to compute

the values presented by the rocky surfaces consisting of blocks of three

different materials, reference 3a2ing made to spring or autumn months,et
a latitude of about L0°-50°,

i e by R 1 < AR
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The line of separation between zones of different materials is delineated
by the range of temperature veriation {difference hetwoen maximum and
nininmum temperature Jdaily values’,

2y Humerical computation of temperature transitories in a selid of finite

dimensions, ccmposed of various materials, using the Crank-Nicholson finite-
=differences methods.,

J.1 0 Genexnl,

Widely-known unalytical methods permit the solution of the differential
equations governing diffusion of heat in selids (l]l [?]l (8], [9], [Iéh [l;].
Thege methods have certainly a theoretical interest since they make it

pocaible to deseribe the physical phenomena with a general and oyganio approac!
nevertheless in practice they ean only be used for the solution of rather

simple problems, or as a quick way of obtaining rough preliminary results,

aince the weightiness af the ealzulations rapidly becomes prohibitibe as

goon as the doundary canditian% Op the shape of the solid becomes complicated.
Yhe advent of computors produee a reduction in the iwmportance of analytical
methods for the selution of the differential equations, which have gradually
teon replaced o nxun&rxnhtfngtihﬂaiﬁh are mwh mere ocasily implemented by
the cowputer. A theoretical case of computation of temperature transitoriés
under pericdic regime was resolved using a finite-differences mathematical
madel wwith time disoretization accerding ta the Crank-Nicholson method
and selution of the system for computation of the unknown quantities by

3y

the Gouss=Seldel or swrelaxation methed). For an exhaustive analysis of
auch finlte-differences methods, see {Q]I!FCﬂ [ll]'
!

2.8 Nuperdcesl Case Study,
A study was made of the temperatwre variations that would take place over

a period «f time on an island, rectangular in shape, and consisting of

three Jifferent materials {fig. 10

- TV gy ds oy T xY 3
g, o= Tlaat o Islandg
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It was assumed, 83 shewn in fig. 1, that the separation surfaces between
different materials vere vertical planes having y=constant.

The island i supposed to be surrounded by the sea, the temperature of
vhich, by a' first approximation, is taken to be at a constant value of
2089 throughout the day. In order t» operate with the finite-differences
methed, the island was divided, on the xy plane, into the network

shown in Fig. 1.1,

.

FIG, L.1 - Dimension and subdivision in blocks of Island

Along the 2 (depth) axis, tempérnﬁure values are computed only for the
first six metres, it being assumed that at such depths there is practically
no diurnal temperature variation (it may be calculated with the numerical
finite-differences methods, or even taking an approximatécvalue from the
analytieal method, Eﬂ, that the daily temperature variation at such depth
is of the order of IO~9°K for rocky materials. The temperature at 5 m.
dopth is therefore assumed to be constant.

n the vertieal plane the solid is therefore divided into ID slices,

ench 0.5 m thick (fig. 1.2},

%

fTG. 1.0 = Subdivision of parallelepiped {island) into horisontal plane

hlocks .

»,

In fig, 1.1 is can be seen that the peneral {not borderline) mesh has

the dimensions (sho\m in Bia. I.E.I.), IC m. and. 20 m.)

v while borderline meshes
have o perpendisular dimension at the eovery border of %0 eom. (A borderline
mesh is one belonging o the perimeter of the Island).
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This differentiation was introduced to make it possible to consider
borderline mgéhea as being, at any given instant, in thermal equilibrium
with the temﬁerature of the sea ("waterline nzone"). For such a border-
tine zone the order of magnitude of the perpendicular to border dimension
was taken to be such that it would be permanuntly wetted by waves
breaking on the coast.

¥ 3

Boundary and initial conditions.

The following boundary and initial conditions were assigned:

Roundary conditisns:
AV

a) Temperature constant, in time, at Jdepth of b m

The temperature values at 6 m depth (values maintained constant in time)
e computed taking heat flow in a vertical direction to be constant
and of value equal to that of the mean geothermal flow of the Earth,

. . AL cal
l.e., approximately 1,8 :fi__ﬁ [13 .
em® s

It is further assumed that the initial surface temperature is uniform
all over the island, the valué being 296°K.

(This temperature value was chosen because it was observed, by the si-
mulation of the transitory, to bé the mean daily value reached by the
soil surface temperature, with the values which were assigned in the
example to the parameters belonging o the heat equation, when the
initial temperature transitory in the simulation is fulfilled and the
periodic stationary regime is reached),

Temperature at depth 600 com, ean easily be found from equation:

36‘00:()‘ + _i.)....GOOcm (1)

sup
1

where
; = heat conductivity of the i-th material {cal,/cm.s.9K)

é%;p= surface tempersturs of material
3
Ctoﬁ= temperature at 202 ¢m depth

MO0

Fa
qb = geothermal flow (cal/om™.s}
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Geothermal flow was teken to be constant all over the island both
because this was simpler, and in order to avoid the surface~temperature
values csmﬁuted during the transitory being influenced by the varia-
bility Of the geothermal flow, In fact, in the case. under consideration,
the aim is to compute the influence of the various materials of which

the island iz composed, on the surface témperatures.

b) Heat £low imposed un surface of island.

With the exception of the narrow "waterline" strip running along the
perimeter of the island and 40 cm wide, in which, as already stated,
surface temperature is taken to be at the constant value of 293°K (which
is a reasonable supposition since thé thermal inertia of water is much
greater than that of the materials forming the island), the net heat

flow cressing unit ground surface in one second was supposed to be (fig. 2):

urface

[ 7]

PT3. £ - Heat exchanges at the

g i L] ;‘ .
J {t) heat flow by radiation from sun {cal/em".s) in the surface

As o first approximation for the sake of simplicity the heat flow is
supposed to be sinusoidal, hasing a mean value of J . Hence the analytical
expression of the heat flov reaching the surface by radiation from the

sun will be of the following form:

]

Joit) J {1+ sin (wt)

13

where W is pulsation of escillation of solar radiation (1/s)

W= D where T = 2k h, period




&crdff value of radiation of Earth's
0

A\gggy geothermal flow crossing ground surface each second.

i,":u?

surface towards space as given
ty the Stefaanolt“mann *nx (as a rlrst approximation the j
temperature of the universe is taken to be Q° K), !

c) Temperatures imposed in points bélonging to lateral surface (excluding
upper and lower surfaces) of the parallelipiped (island).

FIG. 3 ~ Section of island by plane x =

Fig. 3 represents a section of the island with a plane x = constant, or

onstant.,

s

-

. 1.1 gives a plan of the island.

bxy
321

1

ti

veing studied (Fig, 3).
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v !

co:.st. (or y=const.)

et § (g, ¥, z)denote the set of points bel-nging to the parallelepiped

‘he set of coordinates of the points forming the border of the island,
4Q em wide, shall have coordinates (x,y) belonging to a set S(x,y).
Now consider the points belonging to the lateral surface SL {x, v, )

of the parallelepiped and having 2 < & mj i.e. SL {x,y,z) consists of

the points with (x,y) € § (x,y) and with z

L6 m,
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Such points belong %o the set denoted by SL in Fig. 3.1

1

)

X
FI3, 3.1 - Section of island by plan9éconst. (or y= const.)

3ince there are reasong for believing that the areas belonging to SL
which are closest to the surface \ea":; tléc\ u‘rglth o0& = (:.m) are affected
by the influence of the sea temperaturé(mean temperature, it is supposed
that the temperatures of such zeones follow a pattern as a function of z

of the type (fig. 4).

~3

IG3. 4 - Initial temperature values of parallelepiped (Island)

(+)
Lt .
£
P o
)b
o
| Sl
d
3
1:5

erature for zones belonging to SL.

Piaaind
¥
.

initial tamperatures for zenes composed of same material as above,

(

belenging to 8 but not to 3L.
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It is supposed that at depths over 2m the influence of the temperature
of the sea is' not felt, this influence tending to lower mean temperatures
in zones im'ediately below the sea.

To sum up, it was supposed that zones belonging to SL presented two
temperature gradients in z4 one for 0¢2&2m , and another for z > 2m (fig. b).
Lastly it was supposed (fixed poténtial boundary conditions), that the
temperature of zones belonging to the sét SL remained constant in time.

Initial condition.

Initial surface and deep temperature values.
The iritial value of surfece temperature (9’ is fixed,

—
”~

Qi Vo 296°K
‘l *X\{, O .'»: if x V ”‘ *
vo ‘ ( } = > {non-bunder zone)

tﬁ;(‘cv 0.}:293“( it (‘(7) € -S (vorder zone)

for points having =z > 0, ¢being gecthermal flow and }\i thermal
conductivity of the i - th material, We find

‘j;(x,y,z).:();(x,ylo)-t--}-?- Z (3)

i
with 2720 _

£ point P (x,y,z) &€ SL,or if 'point P belongs to SL and has z) 2m.
On the contrary, if point P (x,y,z) has 0&z & 2mand belongs to SL,

given that 25= 2m, we have the following initial temperature conditions

S k%2 )-0; (xy,0)
Z,

o Z

Jy (ky2) = Vs, 0)+

(3.1)
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Thus {2) and {2.1) given an analytical expressicn of the conditions
P
illustrated graphically in fig. 4,
A

#

3. Decription of the finite-differences mathematical model used to ,

simulate the temperature transitory of the island,

On the (x~y) plane the island was subdivided into a network of (8xIlk)
sones (fig, IS.1).

In direction = analysis was carried out for the first 6 m in depth, divi-
ding this depth into IZ zones (fig. L.2).

in total the parallelepiped was divided into 8 x Ik x I2 = I3Lh elementary
prarallelepipeds.

Each elementary parallelepiped not'belonging to the border set SL thus has

the dimensions (x, y, = respectively) of 20 m x I0 m x 0.5 m (fig. §).

I3. 5 - Dimensions of elementary parallelepiped (not

belonging the border)

0:}

the island as a whole having the dimensions I2C.8 m x I20.8 m x 6 m.

As regards the form of discretization adopted, the following observations
should be made:

1) initially, since it was not easy to estimate a priori the magnitude

of heat flows, simulation was carried out for a parallelepiped (island)
consisting of elementary parallelepipeds of the same dimensions as the
above but consisting, in directions x, y, =, respectively, of 12 x 20 x 20

elementary parallelipiped (a total of 4 800).

~D
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It was hovever found that temperature variations in direction x,y
being very "slow", and the temperature uciow 5.5 m depth not varying
signifieantlygov¢r time intervals of the arior of sne week, it was
pocsible Lo reduce the number of elements vo L 3hk, as described above,
without loss of precision.

2) The ccmputation programme was prépnred in such a way as to be adaptable,
by very small snd rapid medifications, to run . with any number of
elementary parallelipipeds having any given dimensions. The model is

also suitable for use with a set of elementary parallelipipeds which at
the limi% might be composed each of different materials.

In the model, as a preliminary approximation, it was felt possible to
neglect some elements which undoubtédly affect surface temperature, the
mest important being [EJIDJ ¢ soil hgmi?ity (taken to be zero); evapora-
tion from soil; possihle presence of degraded or fragmented material, or
of surface vegetatics; possible wind near ground surface; atmospheric
temperature above the ground surfacé and air humidity; roughness of ground
surface.

Equations governing heat conduction in a solid (3-dimension model).

g

The most general differential equation governing heat conduction in a solid
(in the absence of phase transformations) is [1], (2]:

[C
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4 being interior heat generation per unit volume and time

Having .. npﬁly {4} to compute temperatures of a solid of finite
dimensions, (%) can be approximated with the corresponding finite-
-differences equation {11].

The recsoning whereby such en equation is obtained is as follows:
considering the general case of a body fomed by elementary parallelipipeds
having dimensions x, y, z differing from each other .

As a generalization, further supposing that the dimensions of each
elementary parallelipiped différ from those of the others (rig. 6).

Formed by two elementary parallelepipeds,
& £ mensions

B G

. {
With reference to the elements of fig. 6 compute the heat flow from

zone N to zone O,

In differential form the heat-~flow equation is given by

Y
q = —~)\ 75;:‘ (5 )

taking the Joining line NC as x axis (fig, §).
The minus sign in {(5) appears because heat flow versus is from the higher-
~temperature to the lower-temperature zone,

Pefining as

4
R:-}-\— .
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R thermal resistivity (inverse of thermal conductivity)
The equivalent: thermal resistivity Ryc ‘tetween point N and point C
is (in analogy %o the sum of two resistences in series in an electrical

eireuit).
R — 'Rr‘ [&Vﬁ'*‘fac [&'Yc
e Ay, + Aye

where R = resistivity of zcne N, Rc that of zone C

AYN/ Ay, dimensions of parallelipiped in direction y

The equivalente thermal conductivity between zone N and zone C is (7):

{ Ay, Ay A)"N -i-A)’c = Auhe By DY /
>\ = = - < A >\ )\ L;‘1)
e Rye Ry + ReA)’Zz —Xyi" "/\ N nAY + JAV/Y

Note that, since we are dealing with resistivity, (7) and (7.1) are
obtained for two parallelipipeds of unit base aren, hence for simplicity
with

I3. 7 - Blocks Formed by parallelepipeds of unit base area

However, for the general case of fig., 7, we find that the total resistence
between point N and peint O hes the value

R g, A 1 _ MDAy Ay -
o 2 Ml 2 Anhe Axbz,

the total heat conductivity between point ¥ and point ¢ is, from (5 .1)

1 2Au A Ax Az
= ~ » (4 (5.2)
G'TD} 'R' /\HAYC. + >‘C AYN ¢
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G, 8 - General blocks (c¢) with surrounding blocks
(general dimensions)
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The heat passing between zone N and zone C per unit time is, acccording
to (9) and (5.2) (electrical analogues):

i

= ' >\n)\¢ . . J‘- ’
@NZ’.: Q... (J;"‘j;} }\Qn Ay+ A Ay b de (” J:) (S 3)

where Ax(_ and Azcare the dixxmnsigns' (with respect to x and _:,;), of the
face perrendicular to y axis.

In general, if we consider an elementary parallelipiped, ¢, sursounded
by senes (parallelipipeds) of dimensions in general differing from each
other, the total heat flow S entering in C, each second from the
surrounding zones is, anocording to (5'.;2) - (Fug 3))

q = 2[)\")\: Dr Bz (@r}“@:%_ dshe Ox Az, (5;0:)+ Mede Ave Az,
¢

)‘N A)’c « A Ayy X;AYQ +>‘cA)’; Nelxe+Ac A"e‘
f c>\M AYc A’l’ f g
, 3‘:-6’: Nedw Ay Az & *(Z + A A 8.’_0; +
( ) ' Xwacq»)\cAXv ( "’ ) >~“A2c *&AZA; ( ) )

f\c>\%! A)’c Axc _
) Mr Az oA Az, ((ZI 92) (3)

The heat accumulating in one second inside the elementary parallelipiped C
causes, in time  t , a vardation of the temperature

of € which is given
. }\'\P h'“ M

A&C:é%.Atsﬁ.ﬁc-Af
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To the finite differences e 5 oxpressed as

DA(XC/X;Q zc,t-'f'At) + éﬁzlx-lzc,]&) {
A€

For (8) and {(9) we may thus write, taking coordinate j to express the
diserete value of x, 1 that of y, and k  that of z:

?/ft'mb "'3;.‘ - 1 ( 1 ( A )\N &"-nbdd‘ 05-4./5‘ Z /\ >\t+l
Ab ) j ¢ Ay >\ A}’\ ! +>\\—1 Ay 2‘ XAV ‘al >\w
o - 4 /'2 )\>\) . D‘-\,mh‘ Oia,e Z At

V;:-M,t'fAf‘ ‘filb

2 + A)( ( >\AX +>\ AX 2 )\A )4,

g’ 3& ¢ ‘:l(}
(}){H ’ Fr &t~ lz:u,(‘ A I\'\'(.. . LF“/(‘#A!‘*U{.)’, \ Ak’ﬂ ’ .._..‘3...., . ,::.’L
T2 AZ >\Az‘+)\,¢ Az 2 )\A;‘ w4z 2

(20)
In (20) in orcer to simplify notation the index in the expressions of AX7 Ayl
.3‘. )\ e \f% has been taken as understood

a} i

when equal to i, j, k .

Bquation (I0) ma.kes it poss :\.ble to compute the temperatures of the single
* elenentary parallelipipeds once the boundary conditions and the initial

conditions of the system are known, “he unknown temperatures (7 ( ', K (:'+M‘)

are computed from the known tempu.mtures L?‘ (i,3, k, t) at time t

Y

using a system of equations of type (I0). This system is reselved by the
iterative surrelaxation methed [Q] @J]

The boundary heat-flow rondition imposed at the surface of the solid,
whizh is expressed in the differential form () , is expressed in the
finite*diff&renc&s form as follows,

et s et ot B i o e et g b
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. I
Let us consider a generic parallel:.p:.ped on the surface of 'bhe aolld

(z=0), but not on the borderline, with geometncal center (X )',AZ>
. Z
(flgt 9) !

' ]
FIZ. 9 - Heat exchanges in /general surface blocks

Voo ey BOY A T e
RACONS IATIR O U

b LA TSR o TR ) nYer -
('P ot w' 2514 it’

the heat equation for parallelipipeds belonging to the surface is expressed

T(eelt)+ 3 5 Axlly_ ;_0-( J (**AWWQ)[’AX-&
2. VA

as.:

AxAyAz(c%—?/ )

T£+Ac

D] sty g ) ayme iy 3 gut
0z by M T ox Vst A Te koAl
2

T time varla.ble (11)

g, cla' referred to point C, geometric center.

+ In diserete form (11) is expressed. by the following finite-differcnces
equation, which is general, valid even in the case of 1z and ,\

varying w:n depth;

3;,,,5&'(9{-: 14 [IMP'L ) 4 2 /\/\ 4 . (&,rmﬂtb
A

At fc Az ANz, +d Az AZ 2

9;+Ab+(j— > 2>\ /\L -4 ( &:"/ b+55+0‘:"/6 - M) -

2/\/\£+» , 19;“/“&_*_(%”,6_— z+Ae+‘9;>)+ | ( Z)V\J‘-’ ,
)\Axé‘“ +/\£$1Ax ( 2 z A?’ >\A73-_1+>\J‘.1A7/

! . L\
(\9}-', tedf +LC/}-*/t‘ - a;u‘f‘&; )_ 2 )\XJH /‘%"/hA* + f* L- S[»A:‘D V" >) o /@ }
Y AL '

2 “ 0 \ A\I . — -
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In {I2) te cimplify notation, the index is teken to be unlierstood in the

expression or,Ax/ Ay,Az))V 3,(‘../ (}‘ vhen equal (respectively) to ;
:-;.' ig l!
It should be observed that the finite-differences method thus makes it .

possible to attain a reasonably simple solution of the heat equation
also for a non-linear problem such as that stuied here, furthermore in
a region formed of elements of different materials and dimensions.

The golution of such a probiéﬁ by eclassical analytical methods would
present monstrous difficult%es of computing. Indeed, it may be stated
that, since it is a non-linear prohlém, it connot in practice be resolved
by analytical traditional methods.

%, Description of simulation of the thermal transitory and analysis

of results abtained,

®igs. 1,1 and 1.2 show thé région in study whivh consists of three diffe-
ring materials, The width in the (x,y) plane of each of the three zones
is respectively 40.8 m; 4O m, 40,8 m,
The first cone consis%s of dolomité,'the second of' granite, the third
of dry clay (i.e. with practically-negligible water content).
it was supposed that the net solar heat flow J had a mean value of IS5 m.
cn%/cma s, which is a reasonable value for locations around Latitude 40°
(3] .
The following values were assigned to the parameters characteristic of the ;

heat equations, They are roughly the mean for the materials in question

[3]1 EIB] '

Dolomite
[}
3 PR X__ hag =4 ’
heat conductivity A= I0 " cal/em.s. ‘K i
density € = 2.0 g/cm3 !ﬁ
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L # » Ib (]
Cranite g
conductivity A= 7.170™2 cal/em.s’X. !
e}
density kg = 2,52 g/em”

specific heat ¢= 0.20 cal/g/K

Clay
conduetivity = 3.6.:0-3 cal/cm.s 'X.
density = T.8 g/ems

specific heat c= 0.20 cal/g K

The emissivity of the rock surface was taken to‘be €£€=0.92 (°°) for

all three materials; furthermore it was supposed that of the heat irradiated
toward the sky from the surface of the island, 25% would be retained by

the atmosphere, whilst 757 would pass beyond the barrier of the atmosphere
and be irradisted toward the universe.

The transitory was simulated starting from the initial condition described
in par. 2, simulation being protractéd for 110 h. It was found that after

3 days (72h) the initial transitory could practically be taken to be

¢oncluded, a permanent periecdic regime having been reached.

From simulotion it was deduced that heat exchanges in the x, y direction
are very small compared yith heat exchanges taking place at the surface
due to heat flows in direction z.

In practice, for a given material, temperature differences between points
of the surface reach at most 7/I00°K (in dolomite) (Tab,A/ Tab,e) at
any given instant,

Tab A gives surface temperatures computéd at a time approximetely corre-

sponding to & minimum of the mean value of the surface temperatures (96h

{°°) NOTE: the value of emissivity wes taken to be equal for all three

materials considered, since these three types of rock effectively have rather

similar mean emissivity values [iS] , though these may vary in
particular cases over a certain range. i
| It was thus felt that it would have been arbitrary to introduce any

r differentiation based on emissivity values for the three rocks under

consideration.
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after start of transitory). From top to bottem, zenes are: dolomite, ‘
granite, clay.:

1

TAD. A - Surface temperatures at time approximately
corresponding to a maximum of mean surface temperaure

3

b |

ab, 8 presents temperatures of the zones at a time approximatively

ing %o a maximum of the mean value of surface temperature
07 h after start of transitory)

we consider the central with respect to direction surface zones,
.2, close to the line VV of fig. I0.

ce temperature at time approximately corre-
i

ng Lo a maximum of mean surface temperature

we find the following temperature values, from top to bottom (i.e. from N
to §) excluding border zones (TABLE I),

Al. 1 - temperature values along VV line of fig. IO

2



* Ia »

On the other hand, if we consider the horizontal sections traced
approximstely 'at the centre with respect to the y axis of the single
hemoreneous éonca, in the E-W direction (lines 00, C'0', 0"0" of fig.

I0.1) still excluding border zones, we obtain the temperature values ’

of TABLE II

e |
]
G

I0 - Vertical axis (VV) of the Island

TABLE II
TABLE II - temperature viiues alonj oC, J'c!,
Fig. I0.1

UNIVERSITA DEGLI STUDI DI MILANO ]
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| .
;

730100 -~ lorizontal axis (00, 0'0', O"O") of each homogeneous
zone of the Island

As we can be seen in table I and II the passage from one material to

| another is marked by considerable variations of surface temperaturs values

f T and of T, moving from North to Seuth, while surfsce temperature and T
? variations are minimel the same material both ir the East-West and in the

North-South directions (see also figs. IO and,iad).

Thus in the case studied, each zcne may for all practical purposes be

considered to be nearly isolated from the surrounding zones.

FIG. 14 shows how, by thermal inertia measurements (i.e.,in practice by
measuring the difference Aﬁ?betweén the daily maximum and minimum tempera-
tures), it is possible, in the simplified hypothetical situations considered
« in this study, to identify materials of differing thermal inertias. It

must be ncted that in this study materials having widely~-differing thermal
inertias were chosen.

: In fact, for delemite the value is D = 0.0773 vel, om V8 ‘K3 for granite
0.082k aal/em® \F 'Ky for clay 2,03680 cal em- 5 K (thermel inertia

P = /\SC). -

PIG,. L1 Daily tempeorature variatioas

] .
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S C‘P”’U“I“N.

This report deals with the simulation of an ideal but significant case of
temperature transitory on the surface of an island consisting of different
rocks.

Assuming sertain simplifying hypothesas (1isted ip par. 3), numerical
simulation has shown the theoretical posaibility of recognizing, in the
example deal® with, the transition from blocks consisting of one material
to blogks COﬂuluvlng of another mate *qﬁ having different thermal inertia
by remote sensing of surfaee~temperature values, given the sensivity of
present-day temperature 5ensors,

Measurements must be made at least two different timez of day; and if
measurements are to be as significant as pcssibley?%%asurement should be
made when the surface temperature values are close t0 minimum and the
¢hher when close to maximum.

It has in foct been shown that the difference between maximum and minimum
value of the temperature of ground surface during the day is linked to

the thermal inertia value of the material of which the rock is formed.

1) CARSLAW-JAEGER: "Conduction of heat in solids" - Oxford, Clarendon
Press, 1052
2 Relazione interna all’Istituto di Geof sica, Universitd di Milano,
anno I980, "Calcolo dell'andamento nel tempo della temperatura su-
perficiale di una roceia, in presenza dai diversi flussi geotermici,
mediante mecdello matematico"
' EAPPELMEYER-HARNEL: "Ceothermics" - Ed. Gebruder Berntrager, Berlin I9Th4
4} FRICE: "Thermal inertia mepping. A new view of the earth"
J. iecphysical Res., vol. 82, N. I8~ June I977.

+
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-
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PP, L P

TAB., I -
P l '
T | T = T -7, |
| mixh ' max | max min
i (x) booox) \ (%) |
; | \
LG, RTD . 30I.235 , 6,723
l “ '
I i294.;52 ! 301.288 | 6,726
| 294,562 301.288 | 6.726
|
| 29,562 30I.289 | 6.727
li' ¥
| 294,172 ? 302,171 | 7.999
|
SRANITE | 294.173 & 302,171 ) 1 7.998
| ,
294.173 ' 302.171 | 7.998
204,174 302.172 ! 7.998
; ‘
| 252.965 , 304,174 b TT.209
|
CLAY I 292,965 | 304.175 IL.209
| 262,968 ‘ 304.375 | IT.209
252,940 304.Ta7 | I1.207
l ]
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