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INTRODUCTION

IGN's mission is topographic mapping, that is, the description of the
Farth's surface, first by worik on the ground, and secondly by aerial photo-
graphs which constitute a remote recording of the physical characteristics
of the ierrain. But topographic data represent only one of the many types
of information which can be collected; it is only of the one physical
phenomena which car be recorded. Furthermore, light radiations constitute
oniy a small portion of the electromegnetic spectzum which can be used to
convey information. e

With the rapid expansion of industrialization, urbanization and population,
coasideration must be given to safeguarding nature, protectirg the environment
end making ¢1 invertory of natural ::sources; techniqu s have been developed
whnich make it possiple to record the phenomena relatzsd to these fields., The
study of iliese phonomena as an extension of the study of the Earth's surface,
is part of the mission of IGN just as it is part of the mission of all major
worid geographical services such as the United States Geological Survey. which

" ie responsible for the survey for the topographical map.

PROBLEMS PRESENTED

The problem of the environment and pollution, althougi it may be parti-
cularly acute today, is, not however, new; Julius Caesar {ong ago laid down
‘rules designed-to ensure the conservation of certain animal Species such as

. hedgehega, while Horace complained of the infernal noise made by chariots in
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Rome at night. But, of course, the industrialization which has taken place over
the last century and the present population explosion, constitute causes of
pellution of a much greater magnitude, particularly in view of the degree of
urban and industrial concentration resulting in 80 per cent of the world's
population being crowded into only 2 per cent of the Earth's surface.
: ~ o
IGN's traditional activities are already enablingit to embark on estimates
of natural resources and to contribute to the protection of natural beauty spots I
through the use of its aerial photographic coverages and of the maps on various ~
scales which can be established from them. Photographs on infra-red sensitive
films or on so-called false colour films 1/ provide information on vegetation
and the different crops, water resources, coastal areas, forest species, land-
use patterns and land-forms. In addition,; the information contained in these
documents make it possible to safeguard human populations against natural
catastrophies such as avalanches, floods, fire, etc.

: Conventional photographic recordings, however, have limitations, in that
they are dependent on the transparancy and purity of the atmosphere, and on
sunlight, and because a large number of the features of the terrain are not
discernible on them. It is for this reason that increasing use is being made

of remote sensing using various airborne devices known as sengors, which enable
phenomena to be recorded by electromagnetic waves with frequencies very different
from)those of the visible-light spectrum, and extending to the X-band of radar
SHY').

The advantage of these remote sensing methods lies in the wide range of
problems that can be studied, it being possible to use one procedure for
research of very different types, :and also in the rapidity of access to inform—
ation, .laboratory processing generally being minimal. - In addition, this rapid
access to information makes it possible to describe the environment from in
terms of both time and space, enabling the evolution of a phenomenon to be
followed by means of a series of sensings carried out at regular intervals
over a period.of time. Lastly, since these methods are not dependent on the
optical transparency of the atmosphere in the visible-light spectrum, or on
sunlight, it is possible to operate in over—cast conditions or at night, which
has many advantages.

THE REMOTE SENSING PROCESS

The basic elements in remote senming are the recording devices, or BENEOTS,

. which are carried on platforms. These platforms may be aircraft,  balloons or

satellites, and IGN is fortunate in possessing such platforms in its aircraft
pool which comprises fifteen aircraft ranging from the Aerc Cammander to the
Mystére 20 twinjet and including also B.17's and Hurel Dubois. It is, therefore,
possible to operate at altitudes from 300m to 13,500 m, at cruising speeds of
between 250 km/h and 850 km/he IGN also has the possibility of participating

;/ For these gmulsiégé},the fifs¥flaycf (non-colour sensitized emulsion,
gelect1gg in the blue is cmitted, whilé a third layer is added for selection
in the infrared, Further information on this subject can be obtained from the

article by Mr. Jean Cruset, Bulletin-d'Information de 1'ICN No. 12,
Lecember 1970, ‘ )
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in a programme of environmental study using the American ERTS-B or EROS
satellites, which were specially launched for this purpose, and for which

each country can establish a research programme. As a result, IGN will be

able to gather information on the development patterns,; in terms of both

time and space, of snow cover in the mountainous areas of France, by virtue

of recordings made at regular 18-day intervals and re-transmitted to the

ground. These Earth resources research satellites are termed synchronous because
they pass twice daily over the zenith of points of the -same latitude, at the
same local solar time. To achieve this, they are prog: ammed to follow a near-
pelar orbit at an altitude of about 910 kme By virtue of the ellipscidal shape
of the Earth, the irregularities of the outer gravity field and planetary
influences, the orbits undergec changes which cause the satellites to pass
approximately once every 18 days over the zenith of a given point on the Earth's
surface at the same -local solar time, i.e. in the same position in relation

to the sun if the variation in the angle of the sun's declination is not taken
into account. If there were no orbital changes, it would be sufficient to
programme the satellites to follow a strictly polar orbit at an altitude such
that their periods were submmltiples of the solar day (e.g. 1,660 km for two
hours), so that each day they would passe over the zeniths of the same points

at the same solar time.

The first sensors to be brought into service at IGN, and which are still
given considerable use were of course conventional cameras which could be used
with lenses of different focal lengths, different emulsions and at a variety
of flying altitudes and scales, thus providing a wide range of possibilities.

The most interesting instrument which the IGN has at present, however,

is & device which enables the temperature of the points on the ground over which
the aircraft is flying to be measured to within a fraction of a degree centi-
grade, While the plane is in motion, the apparatus successively scans narrow
- strips of terrain to 60" on either sidé of the line of flight by means of a
mirror which rotates at 70 revolutions per second. As the intensity of the
signal emitted by the detector cell increase :in proportion to the temperature
of each point examined, an electrical image of terrain temperatures, or video-
gramme; is obtained and recorded on magnetic tape. This videogramme may be
either transfermed immediately into an optical image on an on—board television
. screen, on which the details appear brighter in proportion to their temperature
or can be transformed by a laboratory transcription uni into a black and white'
image on paper, showing the tomperatures of the strip of terrain flown over

This apparatus is known as a gcanner and the documents obtained are éalled.
thermal images. The entire procedure is termed airborne infrared thermography.,

PRINCIPLE OF THERMOGRAPHY

The radiation recorded comes partly from the reflexi
‘ : exion of molar radiati
from t@e elements constituting fhe terrain and rartly from the radiatio;atlon
emagatlng ?rom tpe.objects themselves, Between the ground and the sensors; this
radiation is modified by atmospheric absorption and diffusion, .

The reflected radiation is generall i
‘ radi ¥ of no interest and can b i
as gupgrfluogs ?adlat}on-which must be eliminated. The simplest :aioggldered
achieving this is obviously to carry out the photographic coverage by night
. ¢




E/CN.14/CART/299
Page 4

but this is not always possible, as for example, when one wishes to study
diurnal temperature variations, Mathematical elimination of this radiation
is made very difficult by virute of its highly anisotropic nature, (i.c.

the energy received depends more on the shape of the figure formed by the -
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Fige 1 ~ Spectral emissivity of black—body
: radiator at differcnt temperaturgs

” sun, the sensor and the point to be studied then on the nature of this point).
0f course, guantitative studies of anisctropy have been conducted on different
types of soil and coverings of vegetation, but to use these results in making
a correction is at best a laborious procedure, and at worst impracticable
for highly heterogeneous areas,

The problem created by reflected radiation ¢an be expressed in terms of the
ratio of the energy from this radiation to the energy from the emitted radiatione
'This ratio is appreciably lower at about 10 microns than-at 5 microns, a fact
which may influence the choice of the sensor 4o be used in a given situation.

" The important radiation is the emitted radiation, since it enables the
temperature to be deduced. In effect, the spectral emissivity curves of a black-
body radiator at different temperatures, show that, for those temperatures
most frequently found on the ground (about 300°K) the maximum radiated energy

is in the region of 10 microns, and that this energy remains appreciable up to

072-795 “
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2. microns (Fige 1)¢ It is thereforé “tempting to conclude that the idedl °
arrangement is to have an -apparatus sensitive’to“a band in the region of 10
microns. In practice, the differences of temperature 'must generally be slicwn,
-and.a more detailed study shows that the curves become further apart at wave-
lengths slightly below the maximum wavelengthe. S )

In effect, only. a.very apprdkimaig'compér;SOn can be made between black-
body radiators: and actual bodies., In -order to make the transition from one.
to the other, ‘it is necessary to intrdduce the coﬁcept‘of.emissiﬁitx. This
is the ratio of .the energy actually emitted by the body in question to the
cmissive power offtheucorreSponding'black—body radiator- at the same temperature.
At its meximum, this ratio is equal to 1 (in the case of the black~body radia-
tor) and can vary conéiderably: between 0.9 and 0.8 for water, according to
circumstances, and can fall as low-as Q4 or 0.3 for rocksj’ : .
But the atmosthere; too, plays an important part in absorbing and diffusing
‘a certain amount of the radiation. With regard to absorption, there are a
number of transmission windows in the atmysphere, as shown in Figes 2, In the

- area of concern to us, the. following absorption bands are ‘due essentially to

transitions in the rotation of. molecules-of water (vapbur)_ang-molecﬁles of
carbonic gase (2y5 microns.~'3 microns),; (4.3 microns), (5.8 microns - 7.3
microns) and 14 microns f_]jmm).- This- means that atmospheric absorption’
does not present any:great problem.. : o N o
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Fig.2 - Atmoépheric absorption of'%he'eiectromégnetic‘épectrﬁm

Furthermore, theoretical calculations show that diffusion for particles

which are small in relation to the wavelength is proportional to -4y where

is the wavelengthe This phenomenon is therefore very weak in the infrared.
~ less than 1 0/00 of the energy lost Yy diffusion at 1,000 metres. S

In the case of larger particles, the infrared is substantially more L
penetrating than the visible light; wavebands, which is-a congiderable practical
advantage: mists and fine fogs arb,relatively tranéparent, which enables
photographing to be carried out in medioccre weather conditions. But the size
of the particles must not be too great, since the wavelength cannot be
increased indefinitely (absorptionifrom 14 microns; beyond this,'one'comes to
the EHF band ). '
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Other phenomena such as the emissivity of the atmosphere may come intuc
play. In the wavelengths which correspond to the absorption bands; the atmos~
phere hehaves like a black-body radiator. In addition, therma.l_ vhencmena
in the atmosphere, such as temperature inversions; can impair the image
of the ground, These questions will be taken up again later in the study of
atmospheric pollution.

Finally. there is the question of transparency in liquid or solid medias
is it poseible to see; or merely detect on a thermograpin an object which is
sunken below the ground or which is lying on the sea-bottom? " There can be
no blanket answer to this. Theory shows that the transparency of liquid water,
rocksy, soils under infrared light is extremely low, in the region, say, a
few fractions of a millimetre,

Nevertheless, the answer to this question is not totally negative. The
temperature of the surface, or at least of a very fine surface film; is recorded,
but this temperature is influenced by deep-seated thermal phenomena. Let us
take the case of a homogeneous so0il in which an object of a very different
specific heat is buried with the whole being subjected to thermal fluctuations.
Through thermal conductivity, the s0il can be considered as transmitting to the
surface, an image of the object; this image may, of course, be distorted. In
liquids, convection appears to play the predominant role. An attempt ma&y be
made to pinpoint the phenomenon by calculating from models, but as we all
know, actual conditions are more complicated than the most complex models., The
role which this pseudo—transparency can play will be considered for each
type of application (geology, hydrology, etc.).

EQUIPMENT USED
To obtain a thermograph a series of devices must be used. These consist

T ©One or more sensors; infrared scanner, or scanners;

= & recorder;

=~ @& unit for the transcription of the recorded signal on to a2 sensitive
filma .

Although the sensor and recorder are installed on board the aircraft; the

transcription unit is generally not (it enables the information collected to
be processed later).

The sensor: general layout of infrared gcanners. The scamier is 2 device
which measures ihe energy of the radiation received., This is a pagzive measure-
ment in that it does not call for the emission of a reference radiaticn and is
carried out using the three parts constituting the scanner (Fig. 3).

(2) An optical-mechanical device which collects the radiation emanating
from the ground. It consists of a mirror which rotates about an axis varallel
to the line of flight and inclined at 45 degrees to it; in this vay, the mirror
scans the terrain at right angles to the direction of movement of the aircraft,

A focusing system enables the energy received to be concentrated onto “he
detector ¢ell,
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Fige 3 — Theoretical diagram of a scanner

: (b) A cell sensitive to the infrared radiatiqn'redeived, conaisting'of the
detector proper; housed in a cryoscopic box ensuring a good signal-to-noise
ratio. . . .

.'(C) Aﬁ'éléﬁf}énié‘méésﬁpiné gystem'congisting bésicaily of an amﬁlifief '
enabliﬁg the éignal.to'be commnicated to the recorder;

The flrst sensors, introduced in’ 1950, used heat- sensors- the 1nfrared

radlatlon heated a sensitive element, the résistance of which varied in relation
to thlS temperatures The advant age of these was that they could be used at ‘

atmospherlc temperature, but their response, time ‘was very long (several milli- .
‘seonds). These sensors were replaced by photo-sensors which transform infrared
photons into kinetic energy of electrons. These, once liberated, modify the
-electrical properties of the cell. These devices have a very short response
time (less then one microsecond) but can be used only at low temperatures.
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The twe types of ceil mainly used are:

- the indium eniimonide (InSb) cell sensitive from 3 to 5 micrens at a
temperature of 77 K (the sensitivity curve can be shifted towsrds the lon-
ger wavelengthe ~ vp to 8 microns by causing a magnetic field to act
on the cell);

~ the nercury-doped germanium cell (Ge:Hg) sensitive from 8 to 14 microns
at the same temperature of 77K. Fig., 4 shows the relative sensitivity
curves Of the InSh and Ge:Hg cclls;

—~ other subsiances may be used as detectors, such as meroury-cadmium
telluride (Cd Hg Te) sensitive from 8 to 14 microns at 77 K.

The temperature of the cell is maintained at approximately TTOK in a

cryoscopic tank of liquid aitrogen or, for lower temperatures, ( a. few degrees
K for certain Ge: Hg cells), ligquid heliume -

Further technical details concerning the scarnmer used in the infrared —
the Cyclopz of the Société Anonyme des Télécommunicaiions — can be obtained
from the article "Le scamner infra-rouge Cyclope', in the Bulletin d'Information
de 1'IGN, Noo, 10, March 1970,

The esmentiasl characteristics are as follows: R

Mirror - speed of rotation: 70 revolutions per second (it was reduced by
almost half following the first trials tests)

scanning angle : 120°
- angle of analysis : 5 milliradians : - -
Lell-type : InSb X
- c¢oacling to TTOK by liquid nitrogen
— independent operation time: 5 to 6 hours
- tanperaturesr letected - 30° ¢ to + 60° ¢

. - . o}
- ‘bhermal reeolution 3 0.25 C,

The electvical aignal emitted by <he cyclcos analys:s head does not provide
an absoliuie valve fer the zround tempersiure, it provides only a relative indi- -
cation, so tha’ it is vecessary, for accurate interpretation of the mzasuremenis,
to know the values of sertain additional parameterss ’

— The scammer is courled to a radiometer, which measures the ahsolute
temperature of the ground ©long the line of flight. This radiometer consists
of a germaninm neai-sensor—type cell, The response of thig cell, which is
sensiiive to thermal radiation between 8 and 14 microns, is compared %o that
for the radiation from a black-body radiator vsed as a reference, thus
enabling the signal values to be converted into temperatures, These temperatures
are teiied absclute because two points or the ground with the same emissivity
and temperature produce the same signal value. Nevertheless, 1o obtain true

temperatures, it is necessary to check the radiometer response against measure-—
ments made on the ground.,
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v .The radiometer measures.radiation‘in one direction:only (it is not possible
-to conduct -an ‘analysis with & rotating-mirror becaduse of the excessively L
long. response time of the cell) and in-a rélatively open cone (the angle of .-
analysis being 2°). It is sensitive to a temperature difference of ‘the order
“of ‘one~tenth of a degree and permits absolute measurement of about half a

. ', The 'scanning of the terrain depends to & considerable ‘éxtent on the move--
- vments of the airoraft and determines the quality of’ the final ‘image for measure-
“‘ments purposes, At present, the flight parameters (hgaﬁing,“position, roll,
¢y @ltitude, etcs) are not recorded; it is possible to envisage the use of sensors
""" whichy while measuring these: parameters, would be' connected to a recorder to
allow for better correction during processing of the information given out
. 'by the scammers - " - . oI S ST TR

R S ‘.

‘3;7r?ﬁhééfécérder';'The signal ‘which comes directly from the detector cell is
known.as the -input signal and the signal recorded from the emplifier is known
as;thefoutput'pignalb_ T ) T O . .

Lo -
" e

ey . e e

-~ The output signal-is keft betwsen =1 and 4.1 volts to enable it to be-,. -
..recorded. This calls fbr’tw§ amp1ifipati§n ad justmentss, P D
 aat s—tadjustment of the average level so that ‘the cutut signal oscillates around

o a zero average value;
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- adjustment of the gain (ratio of the ocutput signal amplitude to the
input signal amplitude) so that the output signal is not chopped oif
when it should have been cutside the 3l volt limits (corresponding to areas
which are too hot or too cold).

These two setiings provide good thermograph legibility by giving a better
rendering of half-shades and conseguently better relative discrimination
between temperatures, .

" These adjustments can be made either manuvally or automatically, In the
latter case; the adjustments are made on the basis of the preceding signal
values and vary from one voint on the thermograph to another, which prevents
any direct evaluation of temperature, since such an evaluation can +then only
be made by taking account of these adjustments, which must be recorded, or by
referring to an independent datum like that provided by the radiometer.

At present, signals to be used for measurementspurposes are recorded on an
analog basis on magnetic tape (the signal is recorded in a continuous manner,
as opposed to digital recording which retains only the signal values taken
at regular intervals). A periodic signal of 54kHz is used as a reference
and is recorded on one of the seven tracks available. This signal is frequency-
modulated for the low signal frequencies (below 100 Hz) and recorded on a second
track. Frequencies of more than 100 Hz are recorded directly onto a third
track, A fourth track is used for frequency-modulation recording of the signal
emitted by the radiometer.

In addition, a "pip" signal marking the beginning and end of each scanning
sweep is recorded, thus permitting the two-dimensional reconstriction of the
image (see: processing of data). Thé rémaining racks could he used (up to 14)
to record the flight paremeters or to check the scanner signal with a view
to later processing of the analyzed image for better interpretetioén.  The
tapes used are half-inch tapes, 1,100 metres long; these run at a spged of
T6cm/s; giving about 20 mimutes of recording time. oo T '

Other recording systems can be used, It is, for exampie, possible to store
the information and display it on a cathode-ray tube; in order to obtain a
real-time image; thus permitting rapid-identification and detailied study of
the most iuleresting areas. ‘

The processing equipment, which at present consists of a wnit for transbribing
the magnetic tape iniormation onto film, is described in greater-detzil helowe

Implementation - Examination of the brinciples and techniquas used in
establishing a thermograph demonstrates the importance of the conditions under
which the thg?mograph is made and the data processed to the final intervretation,

There are fwo factors which determine the methodology to be ‘vsed: firstly,
the choice of the optimum thermographic conditions, not only'to show up the
phenomena to be studied, but also to check the results obtaired {a) .in the air-
craft, through the use of appropuiate additional sensorc, and {(b) on the ground
by the selection of test samples, The conditions which are most suitable depend
to a large exient on the result desired, but in general, it can be seid that the
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optimum conditions -are those which” favour-the -best- d1fferent1at10n~offtempera—
tures related to the phenomencn being'otudled..JFor example; .in; locking for +»
fregh-water springs along!the.coast, -the,surface thermal effect.:ofithesei springs
must be.at dts maximum; this meanstthatr the  Bea. musti be:at: low tide,t thatl-: .
the :season mudt bé the otrie dn which'the. flow: of: these 'springs’ i's:at its .peak:.
and that thé 'dcalé used must bexlarge ‘ehough’ 10 show up’ these sprlngs, which -
are little more than pinpointsiy “mi —Io.+ & awacdo yilad mosd wvod 0T Daiving

.

o« LT Bl LA Ld LD

i It"iS"aiSO“necessary-tb—worknatwnight~in-ordermto_avoidrunwantod“neilecjionsﬂ

Weather conditions can slso play a role: thawing snow, for example,'favours
archaeological exploration. ’ :

—

Processing of data - Hav1ng gathered a mass of data, it is necessary to
extract from them information ofulnterest ‘to the specialist, who will then .
interpret the documents produced. At IGN, data.processing is carried out
by electrophotographic methods, but the future sélution will undoubtedly be -
digital processing by computer. The recorded magnetic tape is read by a )
transcription unit which reconstitutes the signal emitited by the reading head -~
and uses it to modulate the intensity of a light ray, which, in turn simlateés
the scanning and produces and image on a 70 mm black—and-white film, This i
simulation is made possible by the "pip" signals marking the beginning and end of[

—gcanning sweeps which are registered during-the-recording.-—The-film-obtained —_{
constitutes the thermograph original, and can be reproduced on paper or can
be. used:to ‘produce a. positive or negative enlargemente:s o donrporsadit ~ i

I
A
o

e

- The.use fof cértain ‘specidl techniques makes it ‘possible to obtain other ™
) types of document..by - fllterlng the signal;*iie. by -letting through only a oerta1n
_intensity value -in order to produce, on the film the repreeentation of & line ‘of
g isodensity. (Figy” 5),!or by using colour f11m and -filter comb1nat1ons, to.obtain-
k" .a document resembling a.temperature mape " The - ‘recorded, 31gna1 ‘is broken:down .7 -
" .by. means of electronic thresholds which seleot a certalnr31gna1 piteh 1nterva1. .
".Bach partial signal is associated with a° coloured filter ard is Jdranslated” ‘
. r on the  film by a certain colour. Together, the partlal 31gnals reoonstltute
.the initial.:signal, with the different colours making the- dlfferent shades of.s; ”d]

g

1‘th:.s signal moré visible, ] ek N E-EWF S0 hu_wi
o - ‘—s*" -t ..-1.‘ ; LR | PR
The use of thesd documentSJfa0111tates 1nterpretatlon, but does not’;ermlt 4 J

“quantification .of the phenomena.“ It is’ not'p0531b1e,1n thiE"art1cle, to dlscuss w
the-neoesslty of.recordlng the ground temperature on_an-absolute_basisi s Navers! _
theless, the,use, of: digital . melhods would.make..it.possible Fo.reduce, the unwanted
effects produced by the a1roraft (geometrlo correotlons) and hy the sensor
(signal corrections). The final document would be a more faithful image of the
terrain and would consequently facilitate interpretation.

EE i

Methodology - The basic principles are the same as for photo—lnterpretatlon.
iees the document obtained from airborne apparatus must be completed by informa-—
tion collected on the ground;this information has two quite distinct parposes:
to"verify" so 1o speak, the recording in order to permit a fairly detailed
interpretation, and secondly to check the validity and the accuracy of this
interpretation,

Here the problem is made particularly difficult by the transcience of the
parameter being recorded - the temperature., In other words, the appearance
of any given area on aerial photographs changes slowly over a period of time,
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oné of the most rapidly changing phenomena being; for.example, the appearance:
of the vegetation at. springtime..’” Eveniin.this case, the-change.over a few. ;i
. daye:is negligibles For thermographs, .on the other hand::the:change overra ;;
one-hour period is appreciable... It may therefore be necessary-to:carry out ...
examinations on the.ground which: are strictly. synchronized with the passing.;::
of ‘the aircraft. To.avoid the locations of these examinations.subsequently. ..
proving to have been badly chogen, a real-time visual display.of.the recording.
can be very useful, ’ N ' h
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. " ® Lo r

IR VL F T D F o sty . e PR EE T S 1)

> ' . i, y 4

1 - thermograph of the' portof Rouen .- : ' i ~vi:Bcale: 1:10;000. approx.:f

'
A AL Wi

e R A

th ey, 3
FE it X

a & TTm o - A 13 taa b

3 - processing by colour equidensity method
Fige 5 ~ Different methods of processing data received
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Notes on Fig. 5

—— ST
The 1llustrat10ns ahove show part oﬁ—the port of Rouen. The range of' the
temperatures recorded is ‘of ‘the. order of ten degrees centigrade; this range -

has been transposed into colours in the .visible-light spectrum, from the violet
‘to the red, with the lowest temperatures portrayed by the violet and the highest
temperatures by the red, . L I o o NI o
The tran5p051t10n should'bp'intgrpreted‘as follaws:-,- N o
= sheds, ‘covered' bulldlngs and metalllc surfaces, whlch are the coldest
! obaects, are shOWn in v101et~ . P R S AR
TR T : s Lo L o v
" - the ground is 1n blue- o Ea : K Lo ST :
= the water of the Seine and the tide wave borne in by. the rising.tide
- are shown in ‘greenand- yellow respectlvely,‘_ R a0 dew
= the water in the basins-is shown in orenge; .- 'Lh4-i- oo “"f 7’7L
T~ areas of.calmtwater,polluted‘by waste outlets are:n red, as are the roads
- --.and the warmest objects, T e e PR 1L
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MULTIBAND REMOTE SENSING

A number of such scanners can be used in combination to constitute a multi-
band device capable of making simultaneous recordings of radiations from the
ground in different bands of the spectrum with wavelengths which are not ab- -
sorbed by atmospheric gases, i.e., the atmospheric transmission "windows". The
comparison of the recordings obtained with different wavelengths makes it pos-
sible to collect data which would not be discernible on a single document, just*
as the comparison of photographs of a given area taken simultaneously on normal
panchromatic and on infrared emulsions provides more information than a single
photograph. In effect, the different radiations received can be subjected to
mach finer analysis with the aid of airborne spectrometers. These examine the
entire spectrum of the radiation received, which is spread out after reception,
by measuring the intensity of each individual radiation.

These spectra can comprise‘up to 17 channels, corresponding to different
wavelengths from the ultra-violet to the infrared. The radiaiions emanating
from each point examined by the scanner are directed towards a prism which
spreads them into a spectrum. Optical fibres then conduct each of the chroma-
tic bands chosen to separate photo-multipliers so that the energy of each radia-
tion can be measured and the spectral composition of the radiation emitted by
the different points on the ground and transmitted through the atmosphere can
"be determined. To enable thesc operations to be carried out, the aircraft must
remain at an altitude of less than 3,000 m, the most effective flying height
being 600 m above the ground surface. Just how the recordings enable the tone
signature of a given type of object to be identified, its presence in the bio~-
sphere to be recognized, and even iis density to be estimated will be secen later.

USE OF RADAR

The use of much longer wavelengths naturally leads to the use of SHF radar
bande, which have the advantage of penetrating much denser cloud cover than
would be possible with infrared radiations.

Everyone is familiar with the now widespread use of these waves to obtain
radar images of the terrain directly below the aircraft, but they are given only
limited use in the study of the environment because of ihe peor image resolution
resulting from the minute variations in the reflecting power of the different
ground details struck by vertical radar beams and from the small differences in
relative distances. If, on the other hand, the beams are directed sideways
from the aircraft, the relative distances vary rapidly with the angle of the
beam, thus increasing resolution in proportion to the differential coefficient
of this distance; in addition, the different details will show highly different
reflecting powers, thus giving much better image contrast. Salient features
of the terrain, rocky peaks, for example, will diffuse the radar radiation
received much more than flat surfaces and will consequently eppear as lines,
or bright points on the image, thus making it possible to study the morphologi-
cal, tectonic or structural features of the terrain. Similarly, different
crops have different reflecting powers, as do wet and dry rocks, and calm or
rough water, which permits detailed interpretation of the documents oltained.
This device, known as side-looking airborne radar, operates by sweeping areas
situated on either side of the line of flight of the aircraft; the responses
provided by the reflected radiation receiver make it possible to esiablish a
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document show1ng the perspectlve of the terrain adJacnnt to the 11"19 of flight.
'As, at’ the? same “time," the dlstancee between ‘the" alroraft and bhe pOlﬂuB on
t*the ground ‘are determlned by measurement of the t1me—delay in the “emurn of“
the reflec ed " 31gna1 1t is p0551b1e ‘to rectlfy these per8peet1ve v1ews and 1o
“donvert them 1nto the form “that® they would have- had if they had been uaken .
vertlcally, 1.e., t6” make “tHem dlrectly usable for measurement olrpoees whlch
* Iig-obviously of great 1mportance 1n mapolng eplecatJons. AR

IR Y] - i

- - wil Y s V- |AMN-L N 4
rgrdy e - THEROLE OF -REMOTE SENSING IN /THE STUDY OF-THE ENVERONMENT..: .~
O T empabyrent weeod woo g ol U deolr ol et oy e
i The study of the environment can Ye .considered simply /as ‘an aspeot of

—

phy31ca1 plennlng. Its. purpose is to: -prevent.. guch splanning. from leading tOn
;-’e,Qeterloret;on in the quality of‘llfe.ln_allrlte -aspects,; 'be. they -ohysiclogical,
" (purity of air -and water,. conservation-and development of natural rescurces),
paychologlcal (the protection of natural: beauty. spots and of -recreational::
areas), or intellectual and scientific (protection of fiora and fauna). This
conceptlon of the envirgnment bring ‘an . added dlmen31onr1an¢nay31oal plannlng,
whlch prev1ously has been'. onlv a -matter of economicE . iniy o VeuL T LTLn S
- - . Lot e e o g e peld
It should be reallzed that 80 per cent of', the world's humarm pOpulatlon‘
occuples only 2 per-cent, of. the Earth's- surface, ‘and- ‘that, ‘sueh & concentra-s
r.tion can lead only to.a deterioration in'living conditionss./ Even in: -less r.‘u
densely populated areas. of; the -world, Man's -actions. can-have disasirous-con=—
sequences. for the environment. For; example,, the practice: ol burning off ac—
. .celerates the formatlon :of -hard -lateritic crusts in 'tropical: regicns,’ and::the
water in irrigation canals becomes & breedlng ground for b13harzla,' e b
+ ' ..,..,- v CLY . .g ,-‘ R - T ANTILS
We should not, however, make the error of going too far in thls dlrectloe
or, of -blindly follow1ng,certa1n curreni- doctrines: which.take the form:of a sort
of manlchelem, excessively:: crltlcalxof Man -and excessively -idealistic! in-the
rl;mage of :nature which. they proaect,_where -everything: Yeft: in its: nhtural siate
is, perfect and. everything. produced: by-.the hand of:Man is depredatorys It is
beyond argument that there are- ‘alao natural phenomena which have.davastating
effects, that efforts must- bemade: to. circumscribe; these :andr that; ‘in .any event,
it.is, impossible torrevert.to, a pre—industrial stage.of Hevelopment; we must:
therefore adjust to the industrialization of the developed. couniries and to the
burgeoning populations of the developing countries, and find means of limiting
the-damage. wrought- and;of. reducing;-its awesoms consequencas.:,This is. the role

"

of env1ronmenta1 protectlon.; e ey, pe vl mey A o s e o L b
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s IGN now, has staff and:materlal reSOuroes whloh 1t -can-place at,*he disposal
5~0f- the natlon for-the, studyaof the environment,: the management-of naturalire-

T

QJ,Sourcee,,the establlshment~of inventories.of, these natural-rsrourcas; the pre-

tection of.natural- beauty- Spots and, for; combazting: all-forms.of, pc’lutlan...u
This is the prlnCIPal role of the Institute's remote sensing.facilitiesi nbr:
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R Geologz In"the- search! for natural resouroes, the flrst studles to be

‘1fcarr1ed out-must’ nqturally be-the ‘ geologloal studlee, ‘and thistis’ one of the

areas to which thermography can be most successfully applied. e
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" Generally, the best recordings are obtained at night, or more precisely,
at the end of the night. This observation can be interpreted as meaning that,
during the daytime (quite apart from the effects of reflectioh) and the evaning,
temperatures are too variable locally, depending on the topographical details
(area illuminated by the sun, are a in shadow, area protected from the wind,.
vegetation, etc.), whereas, at night, temperatures become uniform over larger
areas, mainly according to the thermal properties of the sub-soil.

Faults or fractures are easily visible on the recordings, often by virtue
of the hydrological network (see below: hydrology). Of course, almost the
same thing could be said of photographs. But - and this is perhaps one of the
effects of the pseudo-transparency referred to above — the relative importance
of the topographical features is shown more clearly. This is a great advantage
to the tectonics specialist, who is considerably hampered by the jumble of minor
features when studying aerial photographs. ’

As far as differentiation between different types of rock is concerned,
thermography gives excellent results., Broadly speaking, it can be said that
the greater the differences between the specific heats, the easier it is to
distinguish between the various types of rock. in sedimentary formations
therefore, it is possible to have a reference level of extreme specific heat
which can be followed over considerable distances, or - and this is more usual -
a succession of a number of layers in which the alternance of specific heats
is characteristic and easily discernable with the naked eye. As far as the-
identification of the nature of the rock is concerned, once the dividing lines
between the different rocks have been' established, quite obviously a ground -
survey is often essential (see above: methodology).

In geology, pseudo-transparency appears to be a sighificant factor. A '
fairly homogeneous area pierced by an eruptive rock, which does not, 'however,
protrude above the surface,; or by a salt dome, are instances in which a certain
transparency caused by thermal conductivity is discernible. An interesting -
case was pointed out in the course of the study of earth résources organized
by the Centre national d'études spatiales in 1970-71. -Thermographs taken in
the late hours of the night gave an impressive representation of the core of
the Bray anticline. 1/ i s o AN

A very natural idea is to use thermographs to look for thermal phenoména
of geological origin, such as symptoms of current volcanic activity. So- far,;
research into volcanos in France has not yielded any very clear-cut results,

‘but some success has been achieved with regard to thermal springs. Studies
carried out abroad in areas of substantial volcanic activity have demonstrated
the advantages of thermographs to the vulcanologist. : Furthermore, geophysicists
will perhaps find answers to some of their guestions by examining recordings_
made by satellites. : : Coa e

Hydrology. It is in the fields of hydrology or hydrogeology that thermo-
graphy has so far given the most valuable results. The subject can take on
two rather different aspecis according to whether one is studying a large hody
of water (sea, lake, river), or simply iraces of water (humid areas). Generally

l/ Lecture by Mr. Weecksteen, Bureau de recherches géologigues et minidres,
October 1971.
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. ;speakingy rthe ,detection of ;the:presence tof -watensisimade possible:bythe:fact
" ‘that.any., given materlal - "soil, reck;o ;etcéi, possesses-thermal-properties A
4c(Speolflcuheat thermal conduct1v1ty) ~which differ;considerably:according ‘to

+1 whether-it.is dry or'wet. The~search:for traces-of ‘humidity often involwves

both geodogy and pedology - geology because .theparticular way--in- which *the
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Fig. 6. Exploratlon for fresh-water springs on the toast nearile Havirel ~ 1

.22 - fr.-Thel*springs.marked .F,9" and: 10 have ‘a teémperature of betwesn 9°¢ -and 11. 5 C;
‘they are “fresh-water springs and- with:a fldéw of? some “tens. of thousands of -m? a

nrtidays . The. sources marked.8 iand-1Y,."on-the .other.hand,&re’ sdlt-water,” coldt’

. (ﬂpc) .and.. constitute. only .tidal .drainage channels'»they are. of‘no ifitetresti
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humldlty 1s dlstrlbuted oftén indicates the dlsposltlon of geologlcal features,
fractures, faults .and_ interfaces, between rocks“of different. types, and.pedology,
f1rstly because pattern of water olrculatlon in the s01ls 1s clearly shown,,and
secondly because differences in the nature of the. s011s may correspond ito, dif-

v e . PR

ferences 1n humldlty. s - .
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In the specific case of exploration for drinkable water, whlch is becom1ng
1ncreas1ngly urgent at the present tlme, the, thermograph 1s proving extremely
useful. The" fact that ‘the® features of the local geology are shown in great,
‘detall on ‘the. recordlngs, comblned w1tp the effect of . pseudo-transparency refer—
TEd to above, can,to a oertaln extent,nenable the clrculatlon of. underground
,Mgater to be followed or, permlt the llmlts of ‘the” ground water to be\demaroated.
It\should be empha51zed however, that it therthermograph is’ used in conjunc-
Flon w1th geophys1cal measurements on the ground (measurements of resistivity,
seismic, soundlngs), the efflcaolty cah be very oons1derab1e. These two. pro-
cedures are in effect, complementary, and, although .each: one, taken 1nd1v1dually,
produces limited results,‘when]used 1n,conJunotlon they_can produce £extremely
. 1mpres51ve results. Here agaln, note should be,, taken of the constant necessgity
~in photo-lnterpretatlon or remote sen51ng of conductlng ground surveysr.however
rapld “at certain p01nts, or dlong well-chosen routes, if one wishes. fo, obtaln

positive and reliable conclusions. There is one instance of thermography belng
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used without geophysical measurements, and with very limited ground coverage.

A sizable French town, close to the sea, was meeting with no success in its
search for drinking water. Examination of the area showed that the.geological
features were oriented in such a way that the rain falling on the area ran off
in the "wrong direction" towards a certain part of the coastline. The only .
apparent solution was therefore to look for springs near the shore, in the area
so defined. This search, however, was difficult, since indications of the
presence of a spring in the area did not necessarily mean that the spring was -
potable, and in fact many were resurgences of sea water. The thermograph's
sensitivity to temperature enabled the problem fto be solved without any loss

of time; the date on which the thermograph was to be taken having been carefully
chosen, the differences of a few degrees between the different types of water
made it possible to distinguish the ''good" springs. It was even possible to
make an estimate of the flows (Figure 6).

Where large bodies of water are involved, the problem generally boils
down to discriminating between different types of water in e& river, lake or
sea. Experience shows and this is the basic property being put to use, that
bodies of water of different temperatures will not mix, and consequently remain
homogenecus and separate for considerable periods of time. This initial asser-
tion should, of course, be qualified somewhat, as the phenomenon depends on the
difference in temperature between the two masses of water and, in particular,
on their relative volumes. Where the difference in volume is very considerable,
the results observed have varied widely, the pattern being either a very rapid
dilution of the smaller mass, or a distinct stability, in accordance with the
principle outlined above.

The uses to which the technique can be put vary according to the scale used.
When applied to oceanic bodies of water, thermographs can be very valuable to
the oceanologist or the fisherman; meteorological satellites provide recordings
on a very small scale, but with improvements in the resolving power of on-board
apparatus, the results are becoming increasingly informative. Itos I for example,
has provided, among other things, remarkable images of the Gulf Stream.

Over smaller areas, coastal currents and the movements of sediment are
shown very clearly. Periodic phenomena such as tides are particularly well
noted and illustirate the fineness of the results obtained; the tide in the
Mediterranear, for example, shows up very clearly on a thermograph, even on
a small scale (Figure 7).

Here again, we come up against the question of transparency: 1is it pos-
sible to detect a mass of water which does not come to the surface? Once again,
it is impossible to give a cut and dried answer. In general, because of the
principle of non-miscibility and homegeneity, the pseudo-transparency phenomenon
is of very little importance, so that a mass of water mmst reach the surface in
order to be discernible; examples of this have been provided by research into
resurgence on river —, lake- and sea-beds. So far, the results obtained have
been varied and more thorough research is required, but it appears that the
most successful recordings have been made in cases where the water from the
resurgence actually reached the surface; an immersed soiid, however, can be
detected, because of the convection movement which it provokes. The practical
importance of this is considerable in that it permits location of under-water
pipelines, etc. '
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Once this first stage in the differentiation of masses of water has been
completed, the next step is generally the study of currents. Repeated thermo-
graphic recordings are often essential, particularly if phenomena which change
over a period of time are involved. Although assessment of the speed of the
current is a difficult undertaking, the geomeiric description of it (topo-
graphical position, extent, etc.) together with some mechanical characteristics
such as laminar or turbulent flow, are apparent on the thermograph. ,

One related protlem which often arises is that of the movement of sediment.
Repeated thermographic recordings, used in conjunction with natural colour
photographs, give excellent results.  But here too, the thermograph often con-
tains a greater wealth of information than the photograph, even when the latter
ig in colour.

Pollution. The preceding studies naturally lead to consideration of the
question of pollution, which is perhaps the most worrying problem of our time.
The need to safeguard marine life (plancton, fisheries), and the activities
of the coastal waters {oyster and mussel farming, recreational activities) en-
taile keeping a close watch on ocean pollution. The same applies to bodies of
fresh water, with the added necessity of determining water resources and manag-
ing them properly, and detecting new sources to meei the ever-increasing needs
of the population, agriculture and industry.

The causes of water pollution are many. The discharging of raw, untreated
sewage brings an increase in nutrient salts; this in turn leads to over-expansion
of the animal and plant populations, which subsequently die because of lack of
sufficient quantities of oxygen. This is the process of eutrophication. 1In
addition, pathogenic bacteria are discharged with this sewage, and not all are
destroyed by the ultra-violet radiation of the sun; certain species, such as
coli bacilli, are even accumulated by molluscs. In eastern Canada, for example,

half of the mollusc-breeding areas have already had to be closed as a result of
pellution by sewage.

Industrial effluents carry noxious Hg, Pb, Zn, Ni, and Cl salts.

Petroleum products are depcosited as a result of the cleaning of tanker
holds, or even worse, from collisions,between tankers, and from the operation
of off-shore wells, the number of whlch is due to increase in the next few
years. An example of such pollution is’the spillage that occurred a few _years
ago off Santa Barbara, California, which proved difficult to stop. It is esti-
mated that between 1 million and 10 million tons of petroleum products are dis-
charged into the mea each year. The most dangerous of these are the aromatic
hydrocarbons, which are more or less soluble in water and possess carcinogenic
properties.

Non-bio-degradable pesticides can accumulate in living organisms. Some
of these, such as arsenic salts and organic compounde of mercury are highly
toxic, and recently, the United States and Sweden had to dump considerable
quantities of canned tuna because the mercury content was found to be too high. 1/

l/ This mercury pollution is a cause of particular concern to the countries on

the Baltic sea where the water at depths of more than 70 or 80 metres is not
renewed, leading to a build-up of pollutants.
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1 - recording made 21/7/1970 at 00.46 hrs. scale 1:100,000 (approx )

' Figure 7. Thermograph for a study of the shoreline =

These two recordlngs are of the Mediterranean coast 1n thePalavasarea.-
Flying. altltude was 1,700 m,, the temperature at this altitude was +22°C for.
strip I and +16°C for strlp II; the difference. between the hlgh tide (strlp II)
and the Tow tide (strip I) was 26 em,

H

Examination of the documents ‘shows that in general durlng the day (strlp I)
the water surface temperature is the same for the pools and for the  sea, . while .
tlie land surface is warmer (shown datker on the recordings). At night (strip.II),
this situation is reversed, with the pools remaining warmer than both the land
surface and the sea.

P S , B

-

The follow1ng detailed observatlons can also be made: ;?_ o LA
= 1 : exchanges of water between the sea'and the pools are not visible by-day,”
since the temperatures of the two bodies are equal; they become clearly wvisible
on strip. IT where a considerable 1nflow of cold sea-water into the pool can be

seen, carrled 1n by the hlgh tlde,

-2 : communlcatlon between the two pools separated by the Rhone canal-at Séte;
there is a relative temperature reversal between the canal water and its banks
from daytime to night-time;
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Notes on Figure 7 {cont'd)

- 3 : no trace of outflow. from. the ."le Lez" waterway beyond the dikes at its
mouth the temperatures are the. same on- strip I, on strlp II, the tlde can be
seen rlslng up the waterway, R . :w N :‘iﬁ"~;

coret

These examples give an idea of the help whlch aerlal thermographs can glve
in studies of coastal areas; exchangés beiween the .8ea and the pools in rela-
tion to the tidey. studlee of sedlmencatlon, transport pollutlon phenomena, eto.

-
1
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~Other forms of pollution, such as thermal pollution, are more localized.

The raising of the water temperature in a bay, for.example, through the dlscharge
of water from power station cooling plante, even if this involves a rise of -only
.a Tew degrees, can have considerable effects on the fauna and flora, and on:.the
local ecology. In effect, the temperature range in which a given marine _Bpecies
can exist and ~ above all - reproduce is generally quite narrow, and many species
.. may be. unable to w1thstand4even the ellght rise.in temperature involved.

. Slmllarly, the dlscharge of large quantltles of 1nert solid- waste, whlch
settles on the sea bottom, also constitutes local pollutlon. -A case in p01nt
is the red mud discharged into the Medlterranean by the aluminium plants in the
Cassis of Cap Corse areas. By increasing sedimentation on a massive scale,
this waste eliminates.all the organisms which .normally live on the sediment
or in its upper layers. .An unexpected result of this* pollutlon of the¢ sea. is
that it upsets fish-behaviour patterns which depend, ‘as we all know, “on chemlcal
stimuli. As a result of such chemical attraction, lobsters make for oil slloke,
instead of moving away from them, and die, while small doses of DDT are suf-

.~ - ficient to oompletely dlsrupt salmon runs in.rivers.

Some research has been conducted 1nto the behav1our of polluted water dis-
charged into rivers, lakes or the sea by industrial plants or sewerage syetems.
Often in such cases, the differences in temperature are considerable.and the
polluted water can travel very easily in a body over long distances. But 'even
when there is no difference in temperature, pollution may result in a change
in emissivity (generaxly a reduotlon) v » Ce e

. "The importance of such work is nod llmlted to the field of env1ronmenta1
_ protection; it can also be of use to industry. A study of the currents, for

1 example, might show that an industrial plant is pumping in ‘the same water that

it has discharged. These -various types of’ pollutlon can be detected by remote
sensing, since any.change in the physical or chemical oharaoterlstlos of water
produces a change in-temperature which-can- be detected by the.sensors, even
though it may be a change ‘of only. a fraction of ‘a degree. This is obvious in
the case of industrial effluents, but it should not be forgotten that the .
specific heat of petroleum products and their emissivity differ from those of
water and that, as a-result, they acquire a different temperature and.a dif-
ferent radlatlon, the same 1s true for-dissolved chemical ealte, for small,
80lid bodies in suspension, for mud and for plancton; and.the fermentation of
organic substances also produces a discernible rise in temperature.

The data provided by remote sensxng make it possible to plnp01nt the exact
location of "sources of pollution and trace their development cver a period of
time, and consequently to devise ways of protecting ourselves from them and of
remedying them.
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“’* Certain forms of pollution do riot produce temperzture chonges ‘and conse-
quently canrot be detected by -thermographiciiechniques. " Changes of trans— .
parency or colour, for example, may be indications of cuntamination..- It.immx
in such cases that the techniques of spectrography and monochromatic recording
“Vigome into play. ' Radiations of 600 rauometers are those whichpenctrate water .
“most easily and maké it possiblé t¢ study,-and even to map, the sea bed atn:
+*Tgepths -of up to 60 metres in:the case of the clearest waters of the:.Mediter—
ranean or around coral reefs; this penetration, however, is gquickly reduced .
in the presence of suspended impurities or dissolved swlts, thue making trans-
‘ﬁaféﬁcyd%ests-a'Very'séﬁsitive-méthoﬂ of detection, ~7The colour of the water
5T 4 4gelf;’ produced either by reflection or transmission,” froma sandy bottom;!™
"7 for example,’ is a factor which indicates the degree of ‘purity,’ and our.phoio-
_ ’graphs, whether ‘they are in natural or false colours, comstitute an’excellent

' “means - of detection. - - ol : L S SR L
R I o N T v
- ’ " - e . g

"By using efi” "airborne ‘spectrometer-to study -the emigsion from chlorophyll,
the maximum of which is in the region of 443 nm, it is possible to esiimate -the
;abundance of 'algae and coastal vegetation; and above &all,  to détéct the presence
in thé water of nitrates, phosphatés; mercury sompounds, DDT,. etc., by the .

" effects which they produce orn the ‘¢hlorophyll spectrumy’ ::i.~ &0 * . "4

- . S
- > Atmosphere. -Remote ‘sensing methods have shown. themsélves "to be particularly
. -effective for the “study of atmospheric pollution. --This pollution. is :caused by
‘- 2‘fne presence "in the troposphere of dust particles and gase’s discharged ‘oy "indus—
1 3eYgpial ‘plants; domestic fires and vehicles. C " S e Tl

e . . PP : [ LI coan

Dust particles, in particular, <re shown up on photographs; :sincs whey "reduce
the contrast of the terrain directiy beneath, sometimes obscunring it completely.
-"/Even more important than detection is-the fact that, by repeated. photographings

-

-? at -régnlar intervals, it is peBsible “to determine the direction and.epeed.of

movement of these pollutant masses; “and consequently to take steps.to’ proiect
-“centrés of population from ‘them.: 6 =~ ' - S T
O T L T . .- N .- Y - . . N - i .

But smoke and dust play only a secoridafy ' polluting role. The most important
task in the control of atmospheric pollution.is the detection of 502 NO», NO, CO2,
icO, 03, Hp0 and €L molecules in the troposphere. .Atcomparative study:sof the
different-bands 'of the spectrum - ultra violed, visible 1ight, iufrdred; BHF

' - and -SHF; shows -the "superiority-of th= infriared. ~There are two reacons:forathis.

< "Firstly, ‘using-this band, it ig poséible to mike observations by day-or by night;

‘secondly, and most  important, the absorption-emission bauds of normal pcllutants

-show up moet cléarly and distinctly in this portion-of the spéctrum. -The clear—

‘est’'is COp at”4:6 nm, -followed-by S02 at 7.4 nm, NO5 -at 6.3 nm, NHj'at:10.,8%nm
andiO}lat“9,5*ﬁm{_"" T T CoLatu Tt M Gut ol
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<17y 14 is interésting to note that, according to the findings of an ‘Am3Ticin

comprehensive ‘survey conductéed in 1970, “thé main'pollutants'disch&fgédTiﬁt6“

‘the -atmosphere were present in the following proportions: LT TaLn Y nrats

R Lo 7 ..
U -s02 218K, - .. .0 - .. ... = Various types of dust :22%h, 4. ..
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The same survey. gives the_origins of these- 1mpur1t1es aa.J.:. .
e Tt ’ RSNV o 7 aarl IS Sa Tl F T 3 i T R : it Th R
—c ::Transport $.60h, . .- . x- ;.o POWEr statlons RE 13%=-.'-A.. e
— Industry »:<184 <> 5. .: 770 .7 -"Heating and incineration’ 9%(-, N

- Generally spéaking,'dﬁéeaf tﬁe modt eéribns prdbléms ls :that’ df carbon
bution:- ofdlnduetry and power statlons to pollutlon belnv sulphur dloxlde«andM
dust. - - - A ] . . ’:r“‘

.y - P - - - - - PR - . . ] 13 . Bl
. PR . -t Cp e il .- . . . H . -
-, : L 2 AR A LT s -0 B af. L . L R

The miltiband: reméte- sen51ng ‘apparatus- requlred for sensing theseabands
is of rather’ a apec1a1 kind afid will be. studled 1n greater detall 1n anotherU”
“rayticles - .- cee s TETTLGUEIL DT D - : R ‘ . - .- s
- U % B RO U el
Surface pollution. Surface poliution by urban and industirial waste is
discernible directly on férial 'colour and false cdolour-aérial” photographs,
and “even oh - thermographis becausé -of the rise in temperature produced by the *v
fermentatlon ‘of organic substanceés.™ It is mainly by periodic aerial coverages
that 1t’1s possible to record -accurately urban encroachment on forested: lands,
crops-and-green spaces, and-dlso to ‘detect the disappearance of.animal and’::-w
plant-species, together with the.damage caused by erosion and the disruption-a
of the ecological balance. Using these same aerial photographs; maps. derived-
from them, or orthophoto maps which can now be produced quite rapidly, it is
thenfposslble to 'work out ‘protection measures on a rational basis, by deter-
-mining -the areas to be prétected and demarcatlng nature reserves and natural-\v
park ‘areas§, for which IGN'has-recently. drawn -up a number ‘of . spec1al maps. W
a ce T
Agriculture and pedology. Although studlee in thls fleld are not yet very

’far advanced remote een31ng oan prov1de data on vegetatlon and 1+s development.
R B R " JE‘.:'."

-The reflectance of dlfferent plant species depende -on their atomlc and .
physical structure,; which .gives -them a special -tone sigratire. -The data-ob- -
tained in a number of wavelengths enable crops to be differerntiated from one

©‘'another, particularly if one hHas a,.series of recordings made at’ different dates,
since the torie development patiern'is not ‘the 'same for all plant or.tree speoles.
In this way, it is possible to deétect conifers.infested by /insects through
changes in reflectance, and the United States agricultural services use thermo-

' graphs made at an altltude of 600 m to detect dlseased 01trus cropsh

As far &8 reoognlzlng plant .specieés’‘is concerned. thermographe are more.i.
difficult to interpret “than photographs 31noe appearances change according.to .
the itime “of day (Figure 8). "There 'are a considérable - mumber of parameters - R
involved, so.that finding keys to"interpretation will undcubtedly be a lengthy-
process. In the field of plant physiology on the other hand, thermographs
providé valuable informsation: onrthe phenomena of “evaporation-and transpiration,
and on temperature chariges.” Nesearch™is being conducted into these: questlona,
and may 1ead to new methods of “forest= and crop healthsurveillance. - - '

Tl - i "—.'l' L PRrSars I

-~ -

2730 0 Ag far as pedology is: conoerned, a8 was mentloned earller, humidity and
circulation of water-in:the.soils ‘are :clearly ‘visible oh -thermographs. It is®

. “believed that qualitative ‘informatichicanibe obtained on'this -subject to ai - -
“depth 'of dbuut fifty centimeters:.(for man<made elements, such as drains, ‘trang-

parency can be ‘appreciably ‘greater). "It 'should- also bée noted that the extents

of temperature change during the day is directly related to the water contént!

of the scil,
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The beginnings of forest fires can be detected in this way, with the
centre of the fires, which have a temperature of approximately 600°C, showing
maximum emission bztween 3,000 and 6,000 nm, and an incipient fire can be loca~
ted well before it gives off smoke visible from a watch tower.

A further. important advantage of the data provided by remote sensing
lies in the. synoptic character of the recordings, which cover large areas of
the Earth's surface simultaneously and can be repeated at regular intervals,.-
thus enabling the incidence of the vurious phenomena ir. time and space to be
studied. In the United States, plans are even being made for satellite inter-
rogation of seismographical -stations distributed over-the whole of the Earth's
surface; the data collected in this way will be. relayed to a central recording
station, which by virtue of these synoptic measurements, will be able to.provide
forecasts of seismic activity.

_Other applications. Thermographs can be of ‘great assistance in'-the-field
of archeaology. The effectiveness of the process has until now, been limited, .
however, becauss of a major technological problem. Since most archeaclogical:
sites cover only a small area, a very low flying altitude is called for,
which -is not very compatible with night flights, for obvious safety reasons.
At the: same tlme, as has a]ready been explalned, daytime reflections- greatly
1mpa1r results , - -

- The thermographic technique can be-applied to ‘any thermal phenoﬁenon.
Thermal study of urban areas, for example, appears to-be extremely informative.
The nature {and even the age) of buildings can be determined, and actual urban
mlcro-cllmates can be detected.

--Furthermore, low—altltude recordlngs (from an Kero Commander, for example)
enable phenomena such as traffic density, parking patterns in the sireets of
towns, parking changes, width and gradient of streets, access ‘to buildings,
amount of waste dlscharged, etc., ‘to be studied at different times of day.

Using . thermai recordlngs made at nlght, it is even p0331b1e to detect: parked
vehicles by their different temperature; and those which are in motion by the
hot gases which they emit. and which remain detectable long after the vehicles
- has departed.. -

-

Finally, it is possible to use the thermal images to study uroan micro-
climates created by atmospheric pollution, -and to determine the effect of a
polluted atmospheric cover on a region as a whole, to determine the albedo of
a soil and to calculate air-ground and air-sea energy exchanges, -all of which.
are elements of +the greatest importiance to ‘human and anlmal ecology. ., .. .

H
.- As was sald at tne beglnnlng of uhlq paper, -all these documents, whether
they be photographic or thermographic, -enable steps to be taken to protect .
populations against natural calamities such as avalanches, floods, fires,
storms and inclement weather. Photogrammetry also makes it possible to measure
the height of the groundswell at sea, to determine the movements of cloud masses,
to measure the -rise and fall of: bodies of water, to identify slopes which, by-
virtue of their gradieni and.exposure, might give rise to avalanches. It-was:in
this way that IGN was recently. able .torproduce avalanche maps ‘showing dangerous
areas and subsequently participated-in, the proceedlngs of . a Committee devoted.:
to -the study of such arsasv v . 1. . . . - R ) - B .
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II'- recordings made 26/5/1970 at's.oo hfs:
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KRS Recordlngs condltlone- flying_altitdde' 175 m, for strlps I and II R .
Meaux region.- R : - )

R Figﬁre 87 Thermograph for a study of vegetatlon_
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A comparleon of these two documents calls for the follow1ng observatlons i
on the most sallent features. oo i L. ST L e N

LI ST . g T ¢

{=71°: winter wheat: o :“.i " : T ;x' . _,..;.“
- [ P - - . ) .

- 2 : ploughed field with maize beginning to show above ground. There is a

distinct temperature difference between the.earth and_the-vegetation;

RS | ' L
-t [T S

~ 37 note the present “of a herd of cows 1n a meadow,_

)

-.4 .z the wood ehown here, and, in general all the trees v151ble on’ these two

recordlngs, are. warmer in the evening than in the mornlng,hthe shade belng darker
the -higher the temperature, Do - teLe 1 o Lot

e - - o
Y. ! ' »

- 5-: a-pléughed field, unplanted is- almost 1ndlst1ngulshable from ‘the adaacent
woodland, -the two temperatures- belng very cloee._ In the " mornlng, on “the other.
hand, it is very clearly dlstlngulshable from the colder wood... . Temperature

variations can be seen within the field 1tse1f theése are related 1o the nature
of the top501ls,.

. .
.al‘,' it e,

-6 ; grasslande, w1th dense grass covering about 40 cm high, in both cases
remain colder than ploughed fields.
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Notes on Figure 8 (cont'd).

These examples illustrate the importance of aerial thermography in studying
the patterns of development of vegetation, its exchanges with the surrounding
environment and evaporation~transpiration phenomena.

CONCLUSION ;

It can be seen that important results have been achieved, principally in
the fields of geology and hydrology. Progress is still to be made - and on the
face of it appears possible - in many other fields of application and also in
the theory of data processing and interpretation. ~

To permit more complete interpretation of thermographs, considerable
advances will be needed in our knowledge of the heat exchanges of natural en-
vironments. Calculation of models is a field which has been developing over
the last few years, guided and verified by photographic coverages of experi-
mental polygons, and it is possible that their use will expand rapidly. With
t he establishment of the basic principles, new fields of application will be
opened up to thermography. Accordingly, new specialists must be trained, who
will be able to establish a methodology for the utilization of data and will
be capable of deriving the maximum information from the various recordings
obtained. IGN's research in this field is conducted in collaboration with the
Centre national de la recherche spatiale and various university bodies, and.
major studies have already been undertaken such as the study of the Etang de
Berre, where thermographic recordings are enabling currents, water circulation
systems and ecological patterns to be studied.

IGN is already producing two series of special maps for the study of the
environment, covering the whole of the national territory. These are: a map
of land-use patterns on the scale of 1:100,000, in 8 colours, showing the exact
location of river and marine hydrography, vegetation, crops, woods, forests,
heathlands, fallowlands, meadows, orchards, vineyards, marshlands, salt marshes,
oyster and mussel beds, fisheries and also fresh-water springs, industrial areas,
etc.; a general infrastructure map also on the scale of 1:100,000, showing on
a2 simple geomorphological base map, all current development projects and, in
particular, road, rail, air and port facilities, electricity, gas, water and
fuel transmission and distribution networks, drainage and sewage treatment -
plants, telecommunications networks, the main urban and rural structures already
exigting or in the process of development, etc.

IGN long ago improved its mapping methods, graduating from ground surveys
to aerial surveys using increasingly sophisticated instruments and methods and.
increasingly experienced personnel. This progress is still continuing, but
it is necessary to take account of developing needs and techniques and to turn”
to the new methods such as remote sensing, which will become more and more’
important as time goes on. IGN will certainly improve its methods of aserial
photography, btut we must not be like candle-makers who manufacture better and
brighter candles without regard for the fact that electric-light bulbs already
exist. It is for this reason that IGN is turning resolutely to remote sen51ng
techniques for all env1ronmenta1 studies.

A, Baudoin, A. Decae, P. Demathieu
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