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1. INTRODUCTIDN
1.1 Background of the research

Several groundwater reservoirs are known (EURDCONSULT/PACER |
CONSULTANTS 1983) in the Saharan Belt. A widespread opinion is that
the last relevant recharge took place some 11,000 years ago, but
there is no definite proof and no overall estimation of its extent
(MENENTI 15B52. j
As mean annual rainfall in the Western Desert of Egupt is very loguw
(see figure 1), the small lakes that can be found in many parts mf
the Sahara are the result of a continuous efflux of fossil
groundwater. This implies that, because of the hydrological
connection with the regional aguifer suystem, lake levals give
accurate and direct information on the water bhalance of the
groundwater reservoirs (KUIPERS & MENENTI 1SBE).

Groundwater losses occur as a result of evaporation from either oépen
water surfaces or from areas with a shallow groundwate:r table
(sebkhal. The location of areas where changes in grondwater level
occur can be identified and mapped by using Landsat TM data.

The Dattara and Siwa Depressions of the Western Desert of Egupt qorm
two areas where groundwater of the regional aguifer suystem, viz. . the
Nubian sandstone agquifer system comes close to or at the surface.

1.2 Research objectives

The objectives of the research were:

- to establish the combination of Landeat TH hands that are most
suitable for the determination of changes of soil mnlstur- i
conditions in arid areas; .

— to locate units in the terrain that show changes in soil moistyre
conditions and related features of the soil surface (e.g. varigus
types of salt crystals), considering the locations of the var1Qus
permeable layers in the Dattara and Siwa Depressions;

- to describe the dynamical changes in both characteristics and araal
extent of salt crusts in the Qattara Depression by Landsat digital
and photegraphic information and derived products (topographic and
geological mapsl.
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Fig. 1. Distribution of thes mean o (&8
annual total of rain in Egupt ~~
(after GRIFFITHS 189723 _ 5 : : LA R




2. ENUIRONMENTIARL CHARACTERISTICS

2.1 Location

Mediterraneon  sec

Libya
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Fig. 2. The location of ths Qattara
arncd Siwa Depressicons (after
MENENTI 1985)

S

The Rattara Depression is a large continental depression that is
located in the northern part of the Western Desert of Egypt (see
Figure 2). The northern and western boundaries of the Depression are
formed by steep escarpments that rise to more than 250 m above sea
level; the average depth of the Depression is some 60 m below sea
level; the deepest point being 134 m below sea lsvel. To the south
the Floor of the Depression rises gradually to the genesral desert
level (BALL 1933).

The largest part of the Qattara Depression consists of salt marshes
aor sebkha, partly covered by eclian sands. The remaining soils
consist of sands, gravels, clays and outcropping shales and
limestones.

2.2 Geology

The Western Desert of Egupt stretches westwards from the Nile Valley
to the borders of Libya and embraces an area that is more than two
thirds of the whecle area of Egupt. The Western Desert is essentially
a plateau desert with vast Flat expanses of rocky ground and numerous
extensive and deep closed-in depressions (SARID 1962).

The northern part of the Desert consists of a great plateau of
Tertiary rocks, about 200 m high, which extends north-westward to the
Mediterranean Sea. The Qattara Depression is excavated in the
horizontally bedded layers of these rocks that were deposited as
Fluvic—-marine sediments in the transition zone from stable to
unstable shelf (SAID 13862).

Two rock units are important considering the development of the
Qattara Depression: the escarpment consists of hard limestone of the
Middle Miocene Marmarica Formation. The thickness of this formation
increases from a few meters at the RQattara escarpment ta several
hundreds of meters near the Mediterranean coast, where it is covered
with younger deposits.

The escarpment wall of the RQattara Depression consists of Lower
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Miocene clastic sediments of the Moghra Formation. Sediments of *his
formation vary from calcareous clayey to silty-sandy materials.
Generally, the bottom of the Qattara Depression consist of Upper.
Eocene-0Oligocene shales nof the Dabaa Formation.

The origin of the Qattara Depression has been the subject of :
controversy for a long time (5AID0 1962). It is assumed that, amongst
others, the RQattara Depression is formed as a result of wind erosion,
mainly during the Pleistocene (BALL 1933)., Other factors, as erosion
starting at boundaries between geological formations, as well as
tectonic events and structural conditions, should be considered
important in facilitating deflation (LINNE & MEISSNER 1883).

The sandy constituents nf the eroded formations have bheen blown by
wind south sputh-eastward and have been deposited in the form of
great chains of sand dunes (SAID 1862).

2.3 Salt crusts %
The northern part of the Western Desert can be considered as a l¢m
altitude rocky platform that has besen characterized throughout its
recent history by arid climatic conditions. Geomorphological Eeaiures
are primarily due to wind action: the depressions being recent |
features, imposed upon the region due to erosion. The depth of tme
floors of the depressions is governed by the groundwater level wmich
forms a base level for wind action (SAID 1862).

In the (Qattara Depression shallow groundwater tables have largsly
determined the characteristics of the soil surface. A large part of
the Floor of the Uattara Depression is covered by salt marshes

or sebkha: a mixture of sand and salt, generalluy with more or less
water. Parts of the sebkha are covered by a sheet of eolian sands of
varying thickness. The salt marshes do not form a single continugus
expanse, but cccupy several detached areas of the Depression flodr.
BALL (1833) notices that the marshes do not lie at a constant le;el,
‘even within the continuous tract of it’'. According to BALL (19332
the water in the sebkha is the result of a continual seepage of
underground water from the Nubian sandstone through the overlying
Mioccene rocks into the Depression. Hence, the locatian of sebhkha at
various levels can be related to a lateral and vertical variation of
lithological characteristics (e.g. porosity) of the rocks of the
bottom of the Depression. These lithological characteristics have a
congiderable influence on groundwater movement and efflux.

High evaporation rates in the low lying deprsssion results in the
development of salt crusts. Salt polygons may or may not grow,
depending on the relative concentration of salt (GLENNIE 1970).

Within the sebkha in the Qattara Deprassion older and younger salt
crusts can be distinguished. Older ones are characterized by a L
slightly higher level (0.5 - 1 m) in contrast to the younger anes and
by hardness and wind erosion Features. The youngest crusts are



situated in the deepest parts of the wet sebkha. Polygones are not
yet developed, the salt crust is soft and covered by wet clay. The
different levels can he explained as temporary standstills during a
general decrease of the groundwater level (JUQ 1981).

The older crusts are found in the central part of the sebkha; the
younger crusts are situated in the marginal parts where less saline
groundwater has heen observed. At the contact of hard crust in the
centre and soft crust at the margin, often a narrow zone of open
water with snow-white salt floes has developad (JVUR 1881).

The salt marshes are npt uniform in appearance, but can be subdivided
in several types (JUQR 19B1) considering the depth of (present)
groundwater level:

. Salt crust, dry (mapping unit 13)

These dry salt crusts, that are found only in the south-western part
of the Qattara Depression, have no connection to the groundwater
level of today. There are low areas of soft to hard crusts,
continuing Ffrom ‘wet’ crusts to the dry depression margin, or also
plateau-like crusts that may represent former groundwater stages.

Solid salt crust (mapping unit 14)

The type of solid salt crust is widespread in the western and
southern part of the Qattara Depression. The salt is thicker than 0.5
m and the surface is not as rough as mapping unit 15,

The groundwater is found directly below the crusts.

Rough salt marsh (mapping unit 1%

This salt marsh has the aspect of a recently ploughed field. The salt
crust is thin (up to some 30 cm), but hard. The margins of the
polygons (diameter 1.5 - 2 m) are warped up.

The groundwater is situated directly below the crust.

This rough salt crust is uniformly developed in the centre of the
eastern part of the Depression. The hardness, the high salinity of
the groundwater and traces of uwind erosion on top of the salt
polygons make it probable that this marsh type is older than mapping
unit 16.

Soft salt marsh (mapping unit 16J

This type is characterized by a thin, soft salt crust and high
groundwater level. It is developed mainly at the northern and
southern margin of the Depression, whaere often a groundwater efflux
of proportionally low salinity is met. In the western part of the
Depression a scarce vegetation of halophytes is Found on this salt
marsh.

In the depression of Siwa Oasis and at the western edge of the
Qattara Depression (Qara, Tibaghbagh? a rough salt marsh is developed
tending to the mapping unit 15. This rough salt marsh, however, tends
to be softer becauss of higher groundwater inflow.

Salt marsh, undivided (mapping unit 173
This comprehensive mapping unit means multiform salt crusts which
could not be separated in the small scale map presented by JUQ
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ﬂ- €1981). The type of salt marshes generally correspond to those
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3. METHODOLGGY
3.1 UWorking materials

The following Landsat products and maps were available for the
research:
- Landsat MS5S colour composites (band 4, S and 7):
192 - 39 BJAN73
193 - 39 12FEB73
192 - 40 7JAN73
The scale of these colour composites is 1: 500,000
- Landsat THM B/W transparencies, scale 1: 1,000,000
. 178 - 0339 13MAYBY bhands 3, 4, 5, 6
. 178 - 033 1AUGBY bands 2, 4, &
. 179 - 039 12N0UB4Y bands 3, 4, 5, 6
. 1789 - 040 12N0OVB4Y bands 3, 4, 6,
- Landsat THM Computer Compatlble Tape 180 - 40 28JiINBY, guadrant 1, 2
- Beological sketch map of the Egyptian Western Desert,
scale 1: 1,000,000 (after JUQR 1981; reduced to + 1: 1 618, 000)
- Eguypt 1: ESO 000 - Working Sheet (PDEHLHQNN et al 1983)
. sheet Bir Fuad
. sheet Bir Khalda
. sheet Siwa
. sheet Qaret Agnes
The Working Sheets are the result of plotting all topographic
information from available maps and fieldwork descriptions on the
Landsat MSS band S mosaic.

\I\l\l\l

3.2 Colour additive visewing

Data on reflection characteristics of the surface of the Earth arse
sansad by Landsat TN in a number of spectral bands simultansously.
Processing of data by means of optical, photographical and digital
techniques is carried out to make them suitable for qualifying,
guantifying or mapping features on the surface of the Earth.

One of the non-digital data processing technigues is colour additive
viawing.

Colour additive viewers are devices dasigned to assist in the
interpretation of multispectral photography. These devices normally
incorporate four projectors (LILLESAND & KIEFER 1979 that are aimed
at a single viewing screen (see figure 3). Each projector has a
variable brightness and colour filter control.

For operation of the viewer black and white (B/W) multiband images
are used. Both positive and negative format transparencies can be
applied. The transparency for a particular spectral band is placed in
a projector and projected through a colour filter.

The optical superimposition of multiple bands with different
(primary) colours results in the production of colour composite
images.




Three-band cotor
composite imoge

Viewing screen

Fig. 3. Colour asdditive vieuwer 3
schematic (after LILLESAND & Color titter wheel
KIEFER 13979 Lamp

3.3 Colour Additive Viewing In Agriculture

On request of the Agricultural University, the Technical and Physical
Engineering Services (TFDOL) in Wageningen have developed a devica for
making colour composites: Colour Additive Viewer in Agriculture
(CAVIAY. : '

One of the advantages of CAVIA in comparison with other CAU-systams
is that the projection of the B/W-transparencies shows (almost) no
distortion. The lack of distortion makes interpretation sasier.

CAVIA also offers the possibility For varying the order of colour
filters assigned to the respective channels. It is also possible to
use Filters of the same colour, but with different transmittance{
characteristics. |
In this research the Following KODAK WRATTEN colour Filters were
used: blue (no. 47B), green (no. S8) and red (no. 253. Appendix 1
shows the transmittance charateristics of theses filters in both
graphical and tabular faorm.

The combination of colour filters and channels of CAUVUIA that were
used during the research are presented in table 1.
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Table 1: The combination of channels and colour Filters in Cauvla

CHANNELS
F 1 2 3
R D
L 3! B B R
T e
E 4! R B B
I
S 5t 6 R B

From this table it is clear that filter combination 2 3 3 means blue
in channel 1, green in channel 2 and red in channel 3; Filter
combination 5 4 3 means green in channel 1, blue in channel 2 and red
in channel 3.

CAVIA is not equipped with a means for direct and automatic
registration of the colour composites (CAUVlA-compo=sites) on
photographic film yet. CAVIA-composites need to be registered
indirectly and manually with a camera placed on a tripod in front of
the device.

3.4 UWorking methods

To determine the location of units in the terrsin that show changes
in surface reflection due to changes in grounduwater efFlux of the
Miocene rocks in both the Rattara and Siwa Depressions, the Landsat
MSS colour composites are compared with the Landsat TM B/W
transparencies. Ornce the location of these units has been
established, negatives of the B/W transparencies are used For making
colour composites with CAVIA.

It should be borne in mind that using negatives of B/W transparencies
implies that instead of reflection characteristics absorption of the
various terrain features is presented.

The absorption characteristics of various terrain fFeatures in the
different bands are qualitatively described. Subsequently, variations
in absorption characteristics of single features are compared with
spectral absorbance curves of land cover types, thus enahbling to
interprete variations in absorption in different bands.
CAVIA-composites are made using various combinations of Landsat TR
bands and various combinations of coclour filters, The CAVIA
composites are recorded on photographic film. The photographic
products ars compared to determine the combhination of Landsat TN
bands most suitable for the drawn up objectives. Subseguently, the
combination of colour filters that gives the best results for visual
gdistinction is established. ‘




The finel stage of the research is the processing of a Landsat TH
Computer Compatable Tape (CCT). The goal of this data processing is
to quantify the absorbance pattern of various terrain features anf to
use the absorbance pattern to draw conclusions on the relative height
of the wunits in the terrain.




4. INFORMATION IN THE LANDSAT TH B/ TRANSPARENCIES
4.1 Introduction

The interaction of electromagnetic energy with any given earth
surface feature results in a partial reflectance of snergy. The
reflectance characteristics of earth surface features may be
guantified by measuring the portion of incident energy that is
reflected. This is measured as a function of wavelength, and is
called spectral reflectance (LILLESAND & KIEFER 18979). In figure 4
typical spectral reflectance curves for various land cover types are
presented.

One of the most distinctive characteristics considering the spectral
reflectance of water is the absorption of ensrgy at reflected
infrared wavelanghts (LILLESAND & KIEFER 1379). The reflection
characteristic does not only count for hpodies of open water (lakes
and streams), but also for water contained in vegetation or in soil.
Thus, the location and delineation of water bodies with remote
sensing is done most easily in reflected infrared wavelenghts.

When using Landsat THM data fFor locating water surfaces and
determining soil moisture conditions, best results will be obtained
by using bands S and 7. Different reflection patterns in the lower
bands, especially bands 3 and 4, provide the possibilities for an
additional differentiation in water covered or containing surfaces.

Variations in reflection form the basis for a distinction between
thres major geomorphic units in the Qattera Depression (LINNE &
MEISSNER 1983):

- open water areas

- permanently dry areas

- areas with a (relatively) high groundwater level

====Clear river waler  =~-— Silty cloy soil
= Turbid river water  ——-— Muck soil
—— Vegetation
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Fig. 4. Spectral reflesctance
curves for varicus land cover
tupes
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Open water areas:

Even with higher salt contents water absorbs almost all energy in the
total Landsat TM range. Therefors, the open water surfaces resulting
from the effluxes of groundwuater appear as white in the B/W
negatives., 0Only with extreme salt contents, water will show
reflections in the wvisible range.

Permanently dry areas:

Moistening of soils of geomorphic units in the Uattara Depression is
restricted to non—-consclidated sediments. Decreasing the grounduwater
table results in a minimal degree of consoclidation of the sediments
at the surface. Subsequently, wind action may be important in shaping
superficial forms., This implies that all areas that show relief-
controlled structures at the surface can be considered as recaently
‘permanently doy® C(LINNE & MEISSNER 18830,

Areas with a (relatively) high groundwater level:

The areas that are characterized by clayey or sandy surfaces with a
relatively shallow grondwater table can show considerable variations
in reflection due to the presence of salt crystals of varying size.
Within sach unit, however, the relations ’low reflection = wet/moist’
and 'high reflection = dry' are still valid.

‘i 4.2 Qualitative description of the B/W negatives

The use of B/W negatives of Landsat T images in CAVIA will cause a
reversed effect on recognition of water and related soil moisture
fFeatures: open water will appear as white, decreasing soil moisture

; contents can be interpreted by a shift from light to dark grey tones.
ﬂ ; The description of grey tones in the B/W negatives will be related to ®
variations in absorption characteristics.

One of the areas in the Rattara Depression where changes in
groundwater efflux and soil moisture conditions can be sasily

| . recognized is near Sitra. Here several lakes are found with a varying
i salt crust environment. The four lakes in this area are numbered (see
| figure S) from 1 to 4 (from east to west) and are gualitatively

I described hereafter. Figures 5, B, 7 and B are the photographic

J | products of bands 3, 4, S and 7 respectively.

Lake 1:

In band 3 (see figure S) the lake does not show any particular
diffFerences in absorption values. Near the eastern tip of the lake
.j-} some small variations in absorption are visible. The most striking

ij 1 features are dark lines, appearing on both southern and northern lake
o . shores.

@"P In band 4 (see figure 6) the overall view on absorption intensities
is similar to band 3. However, to the outsides of the dark lines
absorption intensities appear to be lower.

..—11....
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Fig. 5. Sitrs Lake and
adjacent salt lakes,
barnd 3

Fig. B. Sitra Lake and
adjacent salt lskes,
hand 4

Fig. 8. Sitra Lake and
adjacent salt lakes,
band 7




In band 5 (see figure 7) a clear division betuween two units can be
made: a central unit that appears to be somewhat less absorbing; and
an outer unit (=boundary unit) that appears more whitish. The dar
lines have disappeared; only at the boundary between central and
outer unit (in the east of the lake) a dark line is still visible|. It
is striking that this dark line can be cbserved in bands 3 and 5 [(and
73, but is almost absent in band 4.

In band 7 (see figure B) the differences in intensities between
central and outer unit are less distinctive than in bands 5. No dperk
lines are visible, sxcept in the sastern lake tip.

Lake 2: !

In band 3 (see figure 5) a clear distinction can be made between
several units. RAlong the northern lake shore two units can be
distinguished, different in grey tone. The southern shore also
(Faintly) shows a different unit. Within the lake an increass in
intensities can be observed when going from W to E. One unit
stretches along the Faintly obsarvable unit at the southern lake
shore. The esastern tip of the lake shows greatest differences {(grey
and dark greyl). The most gastern tip is similar in reflection to the
surrounding landscape.

In band 4 (see figure BY the overall pattern has not really changed,
except For some important details on the southern shore. Here, a W-E
stretching unit has become clearer than in band 3. Within the lakée
the intensities show a sudden change fFrom white to dark grey.

In band § (see figure 73 the intensity appears to be the same
throughout the lake environment. The northern shore shows more
distinct units.

In band 7 (see figure 82 the units at the northern shore can be best
distinguished. No real differences with band 5 seem to appear.

Lake 3: :
In band 3 (see figure 5) three units can be distinguished easily. To
the east two units with lower absorption intensities; the southern
shore shows a fFaintly distinguishable unit.

" In band 4 (see Figure B) one of the units in the nerth has a higher

absorption now, yhereas the western part is now somewhat more grey.

In band 5 (see fFigure 72)anly the eastern tip of the lake is still
Faintly absorbing. Some Faint units can be observed.

In band 7 (see figure B) differentistion is almost impossible.
Lake 4:
In band 32 (see figure 5) four units can be readily observed. Tuo

units have similar medium absorption intensities, while tha thirdi (to
the west) and the Fourth (in the middle) increase in absorption




intensity.

In band 4 (see Figure 65) the distinction of the units has become
difFicult.

In band 5, however, the same observations as for band 3 can be made
(compare figures S and 73J.

In band 7 (see fFigure B) the four units can still be observed,
although differences in reflection intensities have become smaller.

4.3 Absarbance versus soil units and soil moisture content

The salt crust of lake 1 shows a rather good differentiation between
a central and a houndary unit in band 5. In band 7 the differences
are less distinctive, but in bands 3 and 4 almost no distinction can
be made. This can be explained by the absorption of energy by soil
moisture in the lower bands 3 and 4, while in the bands 5 and 7 the
absorption by soil moisture bhecomes more important. The differences
in reflection of various salts in bands S and 7 is presented in
figure 9.

In the environment of lake 2 the area that appears white duvue to the
absorption of energy in bands 3 and 4 can be identified as open
water. The small units that are visible near both the southern and
northern shore might be slightly higher grounds that rise from the
open water. The lower absorption of these soil surfaces may be
similar to the low surface absorption in the esastern part of the
lake. As bands S and 7 are suitable For determining soil mpisture
conditions and the areas just mentioned appear white in both bands,
it can be concluded that these areas are located sligthly higher than
the water surface. The different absorptions of the two salt crust
units that are known to the north of the lake can be related to a
general decrease in groundwater level. The northernmost unit will be
more consolidated than the one adjacent thus causing different
surface ahsorption conditions. In band 7 the various salt crusts
units can be distinguished relatively wall. This might be rslated to
the varying sail moisture conditions that are detected very well in
this banrd.

No open water surfaces arg known from lakes 3 and 4. The variations
in surface absorption patterns are relatively well distinguished in
bands 3 and 4 and almost absent in bands S and 7. Hence, it might be
concluded that these variations are caused by different soil moisture
conditions.
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S. INFORMATION IN THE CAVIA-COMPOSITES
5.1 Introduction

Four Landsat TN bands are available, viz. band 3 that covers part: of
the visible (VIS) range of the EM-spectrum, and bands 4, S and 7 that
show the reflected energy in the near infrared (NIR) part of the Eh-
spectrum. As can be seen from figures S to B, bands 3 and 4 show more
detail than bands S and 7. Therefore, the B/W negative transparencies
are used to compile colour composites of three bands in two main
combinations:

- bands 3 and 4 with either band S or band 7; ;

- bands 5 and 7 with &ither band 3 or band 4.

Considering the spectral reflectance characteristics of different
phenomena in the study area, differentiations in the CAVIA-composites
of these phenomena in the two main comhinations can be expected.

A comparison of composites of each of the mentioned main cnmblnatlnns
made with various filter combinations reveals a distinct
differentiation in colours. Basically, the differentiation is the
same, a change in colours is merely caused by & varying filter
combination. Therefore, the differentiation discussed below will
refer to the filter combination 3 3 3, which means that the
respective filters blue, green and red are assipned to the First,
second and third channel of CAVIA,

Colour description is a rather subjective matter. To prevent
confusion, colours have been quantified using the ITC-COLOUR CHART

C(ITC 1982). }

5.2 Qualitative description of the CAVIA-composites
5.2.1 Bands 3 and % with either band S or 7

The composite described hereafter is of bandcombination 3 4 S (saé
figure 10).

Lake 1 is characterized by a light greyish-blue (ITC colour code: ¢01)
central unit that appears to have some internal variation in colour
when going from W to E. The eastern edge of lake 1 shows an crange-
yellow (660> to light-reddish (3302 colour. At some point betuesan:
these two units a dark greyish-blue (1022 line can be ocbserved. Ngar
the western tip of the lake an orangs-red (650) line unit is viaibhle.

Going from W to E, lake 2 shows a transition in colour from whitish
(100> via light yellow (200) toc orange {6502 to red (B60). Just sduth
of the orange part of the lake a magenta (040) unit is visible.
Adjacent to this unit (at the water side) a Faint yellow (200> unit
can be observed. North of the lake two units of greyish-blue ﬂ
(102,323) are distinguished. The northern lake shore is visible as a
thin reddish (6B0) line. ,

_15_.




Fig. 10. CAVIA-composite
of Sitra Lake and acdjacent
salt lakes, bands 3 {hklue)
4 (green) and S (red)

Fig. 11. CAUVlA-composite
of Sitra Lake and adjacsnt
salt lakes, bands 3 (bluel
o Y4 (green) and 7 (read?

The sastern tip of the lake appears in the same colours (553) as the
surrounding landscape.

lake 3 largely consists of a magenta (250) unit with an orange (B40)
unit at its eastern side. Some small bluish-grey (102> units can bhe
seen. The eastern tip of the lake appears in the same colours as the
landscape surrounding the lake (553),

Lake 4 consists of two magenta (150) units and two units of a
brownish (3322 colour.

In the combination 3 1 7 the overall view in colours is similar to
the combination described above (see figure 11)., Most striking
however, is the colour of the central unit in lake 1 that appears as
a light magenta (121). This colour can also be observed in the units

directly north of the water of lake 2.
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5.2.2 Bands 5 and 7 with either band 3 or band 4

The colour composites of the combination 7 3 § are not really
suitable For a qualitative description of colours because ofF the
irmaccuracy by which the composite has been made: only two of the
composing B/W negatives fit together, the third is shifted eastwarnds.
Despite this inconvenience an attempt has been made to describe the
colours. As the overall view of the colour composite of combination 7
35 is similar to that of combination 7 4 5 the description of
colours is based on the latter combination (see figure 12J.
Differentiating characteristics in the 7 3 S combination will be
mentioned as well.

The central unit of lake 1 consists of a light bluish-grey (0012
colour, while the ocuter unit has a magenta (030) colour. A dark C#&HJ
colour is observed bstween the eastern part of the outer unit and the
adjacent part of the central unit.

In lake 2 the water surface shows a quick transition from white Q003
to magenta (0G0) via a light magenta (030) colour., The complete
pastern tip of the water is characterized by magenta (030)
colours.Along the south-eastern shore a magenta (0302 unit is |
visibhle. The northern shore of the lake shows some greenish ’
(412,622,632) units.

In band combination 7 3 S (see figure 13) the SE-stretch along the
lake shore is visible as a whitish (000) colour. Directly north of
this unit (in the water) a magenta (040) coloured unit is visible.

Lake 3 appears to consist of four units: an eastern unit that is in
colour equivalent to the surrcounding landscape (543); adjacent to-
this unit is a light magenta (130) unit. The western part of tha lake
seems to be magenta (0402 with parts of a Fourth unit appearing in s
dark colour. '

In band comhination 7 3 § (see figure 13> a magenta (0B0) unit
appears adjacent to the eastern tip of the lake; & light
coloured/whitish (001) wunit is visible throughout the rest of the

Fig. 12. CAVIA-composite
of Sitra Lake and adjacent
salt lakes, bands 7 {(blugl
4 (green) and S (rad)
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Fig. 13. CAVIAa-composite

of Sitra Lake and adjacent

salt lakes, bands 7 {(blus)
-4 3 (green) and S (red)

lake.

Lake 4 shows two different types of units: a magenta (040) unit
comparable to the magenta unit that is described in lake 3 as well,
amnd a unit of a dark (332) colour.

5.3 Interpretation of the CAVIA-composites

Interpretation of the colour composites described above is based on
the combination of knowledge on the location of various soil units
and their characteristic reflectance-absorbance patterns. Hence, the
varicus distinctive colours can directly be related to the
distinguished scil units. Variations of colours, or transitions From
one colour via an intermediate to anhother colour will be related to
varying absorption intensities in different bands. The colour
composite described hereafter is of band combination 3 4 S, with
colpur filter combination 3 3 3 (= B G R).

Lake 1:

The salt crust of the central unit of lake 1 appears as cyan colours.
This is caused by the relatively high absorption in bands 3 and 4
respectively: a high transmittance of blue and green results in cyan.
The lowest absorption values will thus be fFound in band 5. The
orange-uyellow colours of th2 boundary units are the result of
combining green and red light of the respective bands % and 5. The
high absorption values in these bands can be explained by a
relatively high soil moisture content in this unit.

Lake 2:
The whitish colour in lake € is the result of combining relatively

equal amounts of blue, green and red light. The high absorbance of
energy by water thus results in white in the colour composite.
Features related to the open water area are Found in the eastern part
of the lake enviromment and along the southeastern shore of the lake.
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The uyellow colours indicate moist or wet socils, whereas the red
colour forms an indication for the largest extent of soil m01stuqe in
this area.
Considering the relative absorption intensities that can be cbserbed
in the B/W transparencies, the soils in the eastern tip of the lake
are not comparable with the salt crusts. This might be the result! of
the absence of salt crystals in a clastic sedimentary environment.
The salt crust north of the opsn water unit appears in cyan colours.
The combination of blue and green light (band 3 respectively 4) forms
an indication for a relatively high absorption in these bands.
The southern shore of lake 2 shows a second feature related to the
open water surface: in combination 3 % S (with filter combination 3 3
3 =BG RY a magenta unit (ITC-colour code: 040) unit can be obssarved
along the southern shore of the lake. As magenta is a mixture of blue
and red light, this Forms an indication for a feature related to low
absorbance in band 4. A land cover unit that can be related to a
relatively low absorbance in band 4 is vegetatiaon.
The presence of vegetation as concluded from the magenta coloured
units fForm an indication for groundwater levels close to or at the
surface. LINNE & MEISSNER (18983) describe the ‘competition’ betueen
vegetation, that reflects highly in the NIR-range on one hand, and
the strongly absorbing characteristics of open water on the otheﬁ a
minimal amount of water is required to initiate the development af
vegetation. The concentration of vegetation will have a considerable
influence on the recorded reflection ccmparsd with the relatively low
reflection of the surface, resulting in a ‘vegetation-zona’ in the
colour composite. In combination 3 4 7 the magenta is similar in
appearance.
The two combinations of 1 VIS + 2 NIR show a clear distinction in
appearance of the ‘vegetation’ unit. In combination 7 3 5 this unit
appears as whitish adjacent to a magenta wunit that is located in the
water of the lake, whereas in combination 7 4 5 the unit in the uater
cannot be observed and the vegetation unit appears as magenta. The
reasons for this, of course, are differences in ahsorption :
characteristics in the bands 3 and 4.

Lake 3:

The orange unit in lake 3 is the result of combining light of band Y
(green) and band S (red). This means that a relatively high '
absorption in bands 4 and 5 is an indication for wet soil. _
The magenta coloured units in lake 3 can be compared with the magenta
unit of lake 2. This indicates that in lake 3 a vegetation unit can
be found. The presence of vegetation is surprising, since no open
water surface has heen interpreted near the vegetation unit. Hence,
it might be concluded that vegetation is the result of shallow
groundwater tables.

Lake 4: . ;
In lake % two magenta units can be observed. In this lake the i
presence of vegetation can be interpreted from these composite :
colours.



In band combination 3 4 7 the overall view in colours is similar to
that in 3 4 S. An important differentiation is the light magenta
colour of the salt crust of the central unit of lake 1 and the
magenta colours in the salt crust nof lake 2. This might be due to a
higher absorbance of the salt crusts in band 7 as tompared with band

5.

S.4 Conclusions

Various land cover tupes have been distinguished (LINNE & MEISSNER
1983) within the Qattara Depression in general and the Sitra area in
particular. To find the combinations of Landsat TH bands that are
most suitable For determining changes of soil moisture conditions
colour composites are made with CAUIA. The availability of the
Landsat TM bands 3, 4, 5 and 7 enables to distinguish between two
important combinations in the colour comppsites: 1 VIS + 2 NIR and

3 NIR. Each of these combinations is more or less suitable For the
.gdistinction of specific land cover types. The combination most
suitable for distinction of all land cover types seems to be 1 VIS +
2 NIR. As some specific land cover types can be distinguished only in
either band 3 or band 4, a combination of these hands with band 7 of
the NIR-range appears to be the hest combination for distinction of
all land cover typss.
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6. COLOUR COMPDSITES AND UISUAL DISTINCTION

6.1 Introduction j

It has been concluded that a combination of Landsat TM bands 3,: 4 and
7 is most suitable fFor determining geomorphic units, graundwateb
levels and related soil moisture conditions (see chapter 5.

The combination of colour fFilters assigned to the respective chbnnels
of CAVIA was 3 3 3, which stands for channel 1 = blue, channel P =
green and channel 3 = red. The use of this filter combinatiun,
however, does not allow an easy distinction of all features in the
study area, while with other filter combinations better results?are
obtained.

As the most important features that need to be distinguished ar
theW-E elongated soil units in the open water area of lake 2 anE the
W-E elongated soil units in the open water area of lake 2 and the
adjacent vegetation unit, there is no use For an extensive
gualitative description of the spil units of all lake envlronmemts
In table 2 an overview of the colours of the important units in the
lake 2 environment using various combinations of colour Filters is
presented. Both a qualitative description of composite colours and a
guantitative description, using the ITC colour code, is given.

The Following combinations of colour Filters have been used:

333 (BEGR), 44 Y (RBBG); 555 (GRBY; 543 (6B R).

Tahle 2: Colours of some soil units in various coclour filter

combinations
333 4 4 4 55 S 543
white/yellow whitm Faint magentas faint magenta
open water
000 000 010 010
faint yellow Faint cyan magenta magenta
spil units
520 102 050 050
magenta faint pbrange light cyan Faint Drhnge
vegetation
o440 430 202 310

o o T T . ——— T T ——a ——— ] ———————— . Y T . o ———— - _— - — — . ? T ———— — o ——— —— o — . o e ok

orange >red cyan >green magenta >blue magenta Pred
clastic sed
BB0 603 (0]57 2 660

Since the variation of colour filters assigned to the respective
bands appears to be important for the distinction of all features in
the study area, the best combination of colour filters needs to be
established considering tha sensitivity of the human eye for varlnus
colours,




6.2 Colours in the human visual system

Light forms the input for the human visual system. In Figure 14 the
ocular pptical system of a human is seen to produce a transformation
of the light energy of the visual input stimulus impinging on the eye
to an output which is similarly a high-energy signal (LEVINE 1985).
The conversion of one energy signal into another takes place in the
retina.

One of the ocular media, viz. the lens, has an important influence on
the kind of light that will reach the retina. In figure 15 the
abscorbance spectrum of the human lens is presented. It can be seen
that the amounts of green and red light that will be transmitted by
the human lens are relatively small as compared with the amount of
blue light.

In the retina, the electro-optical transduction of energy is
accomplished by light receptors of two different types, namely rods
and cones. Both receptors have a different task: rods providas
scotopic vision or night viewing; cones provide photopic vision or
day viewing. Furthermore, the cones are gccuopied with colour
processing.

Fach of the photoprocessors possesses photopigment that responds to
energy stimuli. The photopigment in rods basically operates within
the VIS part of the spectrum, betuesen approximately 400 and 700 nm
{sege fFigure 16). In contradistinction to the rods, the cones possess
three different kinds of phaotopigments, each of which responds
differently to a stimulus wavelength (LEVINE 1885), as shown in
Figure 16. Here, it can be observed that each photopigment in the
conas fully absorbs light at a specific wavelength.

Physically in the brain
Physically in the eye and pathways to
the brain
- o
r— N A
r’\__'/. Optical [ Light ) - Blectrical™N  Visual -
Input image system _ Retina | energy 1/ pethway Perception

| — e "
o e

Fig. 14. The human visual system viewed as consisting of & camera and
a camputer, providing for transduction and processing respectively
Cafter LEVINE 19B5)
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Absorbance (%}

Fig. 1%. The absorbance spectrum of
the lens of the human eye (after
LEVINE 19853 05 : L ' = - >

- 17). This difference might induce that a combination of blue and
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5.3 Visual distinction of composite colours

The elucidation of differences in visual distinction of phenomepa
occurring when different combinations of colour Filters are appflied
to a given set of Landsat TM bands, should be explained by absofbance

characteristics of specific elements of the human visual system|.

The factor that determines visual distinction might bhe related ko the
difFFerence of level of radiance that stimulates the various typps of

cones: the cones that are sensitive for green and red light are

stimulated at a lower radiance level than the blues cones (see fligure

gither green or red in bands 4% and 7 results in a better visual

distinction than the combination of green and red in these bands.




100.000

10000

Col
1,000 nes 4

0oE N . V4

kadignce
shold of Rods
”
hY

7. COMPARISON OF SATELLITE IMAGERY: 1973 LANDSAT MSS VERSUS 1984
LANDSAT TM

7.1 Introduction

EEaN

o 15 Skm

Fig. 22. Sgil units pof Sitra Lakese and
f S —

environments {(scale approx. 1l: 250,000
16 Soft satt h ’
17 Salt marsh cndivided after JUR 1981)

Various Landsat imagery and derived products are available at this
stage of the research. Except For differences in origin (sither MSS
or TM), differences in scale and processing occur.

A comparison of the available materials on the various scales seems
Justifiable to determine differences and resemblances in the
presentation of the terrain situation and to find out whether any
differences are the result of changes in environment or due to the
increased accuracu of the Landsat TH.

JUQ (18B1) indicate several mapping units in the Sitra Lake and
environments. Thase mapping units are presented in Figure 22.

A description of these mapping units is given on page 4.

Landsat tMSS and Landsat TH imageru and related products of Sitra Lake
and environment are compared at three scales, namely 1: 500,000;

1. 250,000 and 1: 100,000.

7.2 Comparison of satellite imagery at various scales

7.2.1 Scale 1: 500,000: 1973 Landsat MSS colour composite versus
CAaVlAa-composite

Since the Landsat MSS colour composite is processed from Computer
Compatible Tape (CCT) and the CAVIA-composites by using B/W negative
transparencies and coloured light it is not easy to compare these
composites on the same grounds.

The major difference between both composites can be found in the
presentation of the westermmost units of the Sitra Lake environment.
Here, the MSS composite only shows three units that can easily be
delineated (see figure 23), while the CAVIA-composite shows at least
Five units (see figure 24). South of these units the CAVIA-composite
shows a white unit, indicated as open water (sse chapter 5). Here, a
transition can be observed when going to the east. In the NMSS colour
tomposite this transition cannot be indicated easily.

1t can be concluded here that on a scale 1: 500,000 the CAVIA-
composites show better possibilities for delineating soil units than

the 1973 Landsat MSS colour composite.
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1: 500,000) L

Fig. 23. Sitra lLake in the P
1373 Landsat MSS5 colour S -~
composite (scale 1: S00,000) ﬂ

Fig. 24. Sitra Lake in
CAVIA-composite (scale

7.2.2. Scale 1: 250,000: Sitra Lake (after JUQ,1981) versus Lapdsat

M band i

Tha delinesation of the geomorphic units of the Sitra Lake as
presented by JUQ (1881) in Figure 22 is based on the interpreta
of satellite imagery. Some of the units that are distinguished
are rather similar in extension to the units that can be recogn
in the TM images, while others are completely diffsrent (see fi
25). E.g. the salt lake of Sitra Lake does not show anyg importa
differences between MSS and THM, but in Figure 22 the eastern ti
this lake is assumed to belong to the same scil unit as tha one
of the salt lake.

However, all bands of the Landsat TH show variations in absorpt
these points. These variations form an indication for a differe
both surface morphology and soil moisture content. This implies
instead of presenting one salt marsh unit two units should be
distinguished.

To the north of the salt lake the TN images show considerable
difference in soil units as compared with the delinsation of un
JUQ (19813. In the TN images the area that is desigrated as map]
unit 16 seems to have extended as compared with the map of JuUQ
(198123, 1t can be concluded that the 1984 Landsat TM images shi
more detail than the map of JUR (18B1) that is based on 1973 Laj
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Fig. 25. Sitra Lake in
1984 Landsat THM band 4
[ 4 (scale 1: 250,000}

MSS imagery.

7.2.3 Scale 1: 100,000: Sitra Lake (after LINNE & HMEISSNER,1883)
VErSuUS Landsat M band 4

When comparing the map of Sitra Lake (LINNE & MEISSNER 19B3 p.63) and
the 1984 lLandsat TM bands several differences in delineation of soil
units can be observed.

At the north side of tha salt lake LINNE & MEISSNER indicate one
single unit (see fFigure 2B} that is designated as ’'dry lake bottom®

Fig. 26, Terrain units of Sitra

=3 salt toke [ sott iake lLake (scale 1: 100,000; after
EZ4 satt crusts wm Vegetation LINNE & MEISSNER 13983)
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Fig. 27. Sitra Lake in 19B4 lLandsat TM band 4 (scale 1: 100,00Q>

In the TM images this unit appears as gconsisting of at least Five
subunits (see figure 27). ‘

The area that LINNE & MEISSNER indicate as ’salt lake® is divided
into two subunits: the western subunit does not differ from thg 1384
Landsat IM image; the eastern subunit is considered a single urnit.
The Landsat TN images (especially bands 3 and 43show at least flour
subunits in the eastern part of the salt lake. The sebkha along the
southern shore of the salt lake is uniform in appesarance in both
types of Landsat imagery.

Especially on a scale 1: 100,000 much detail of the salt lake
environment of Sitra lLake can he presented. The map based on 1973
Landsat MSS data only shows major units, while the 1384 Landsat TM
band 4 tan be wused to distinguish several subunits in all majo
units. Thus, the 1984 Landsat TM data are preferred for delineating
soil units. 7

7.3 Conclusions

Landsat MSS or 1984 Landsat TM - and at various scales (1: 500,000;

The comparisaon of satellite imagery of different origin - eithjr 1973

S a

1: 250,000; 1: 100,000) of the environments of Sitra Lake serv
dual purpose.

Firstly, it can be used to establish whether any major changes {in
groundwater efflux and soil moisture content in the environment have
pccurred over a2 10 year period.

Secondly, it might be established whether the improved accuracy of
the Landsat TN as compared with the Landsat MSS results in :
delineation of more mapping units.
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As described above, the environment of Sitra Lake can be
distinguished into two major units, namely the salt laka itself and
the dry lake bottom directly north of the lake. From the comparison
of the Landsat products at a scale 1: 100,000 it is clear that no
major changes have occurred in the extension of the salt lake.

This is an indication that between 13873 and 1984 the efflux of
groundwater of the Nubian sandstone into the lake has not changed.
The units of the dry lake bottom to the north of the salt lake can be
delineated differently in both Landsat products. The mapping unit 17
seems to have become smaller in the 1984 Landsat TM images. From this
image it can be concluded that an increase in soil moisture content
has occurred in mapping unit 18.

This increase in soil moisture content is in contradiction with the
observation that the efflux of groundwater has not changed.
Therefore, it is assumed that the possibhility for delineating more
soil units in this area from the 1984 Landsat T, is the result of
the improved accuracy of the Thematic Mapper as compared with the-
Multi Spectral Scanner.

On a small scale (1: 500,000) the CAVIA-composites, originally 1984
Landsat TH B/W negatives, show more detail than the 1873 Landsat MSS
colour composite. Except for the improved accuracy of the Landsat TH
this is alsoc described to the use of negatives instead of the
original B/UW positive transparencies. It is observed that transitions
of soil moisture content can be determined more easily with negative
transparencies.

Originally, the map of JVUQ (1981) was meant to present units that
serve as a base to calculate the evaporation of several salt crusts
in the Qattara Depression assuming that groundwater would remain at a
constant level. It is observed that changes in soil moisture content
have occurred at several locations in the Depression. These locations
are (1) El Kish; (2) El Arag; (3) Qattara. Bscause of these changss
in soil moisture content the hase for calculating evaporation has
vanishad and thus the map appears not te be suitable for its purposs.
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8. SPECTRAL ABSORBANCE PATTERN OF SALT CRUSTS

B.1 Introduction

The qualitative absorption aspects of the various scil units inithe

Sitra area have been described by means of the Landsat TM B/W
negative transparencies (see chapter 4 and 5). In order to guanfify
the relative absorption values and thence to distinguish betwee
various spil wunits based on the spectral absorbance pattern a Landsat.
THM Computer Compatible Tape is processed.

Since no Computer Compatible Tape (CET) of the Sitra area was
available, an area with caomparable soil units to that of Sitra yas
selected in the Landsat TM CCT 180/40 2BJUNBY. The location of the
area, west of Siwa Oasis, is indicated in figure 28, presenting|the
sEil units distinguished by JUQ (19812 as well. Three scil units are
distinguished: a central and an outer salt crust unit and a
*vegetation® unit.

JUR (19B1l) describe the central unit as a ’snlid salt crust with high
groundwater level' (mapping unit 14, see also page 4> and the outer
salt crust as ’soft salt marsh with high groundwater level'®' (mapping
unit 16, see page 4. The ’vegetation' uvunit is Found at ths= northarn
gdge of the salt lake. Most probably, this vegetation unit is closely
related to the efflux of groundwater as has already been described on
page 15.

(M Netwrot vegetation S
Light solid salt crust, high groundwoater ¥

level,
227 Light soft salt marsh,high groundwater level

Nand 5 marginat zone of the Gattara Depression,
SIWA OASIS,

|
i
|
i

Fig. 2B8. Siwa Oasis, western part (scale 1: 250,000; after Jun ISBh)
|
|

i



8.2 Processing of CCT

The Landsat TM CCT applied contains radiance values in arbitrary
units within the range 0 - 255, A specific pair of gain and offset
values apply to each scene as indicated in table 3 and according to
the esquation

R ON; -2 -

.= (Rx,i- RN,i)‘—_— + RN,i ( W.m “.sr )

255

where R; is the total radiance measured by the TN in the seven
spectral bands, i.e. i =~ 1, 2, 3, 4, 5, 6, 7; Ry,irespectively RNJ
the maximum respectively minimum radiance in each band; DN; the
digital value corresponding with a particular pixel in sach band.

The R; -values are applied next to calculate the reflectance of the
earth-atmosphere suystem, termed planetary reflectance, by means of
the equation

o i = “cos i) R - d
P su’ Tout,i
where %, ; is the planetary reflectance, d is the sun-sarth distance

in Astronomical Units (RU),‘I’Su is the sun zenith angle at the time of
acquisition of each image and Ry, ;iSs the esxo—atmospheric radiance in
gach band. The reflectance®, .is an smispherical reflectance under

s !
the hypothesis that the surpéce is a Lambertian reflector.

Table 3: Specific data for processing CCT 180 - 040 28JUNBY

band gain coeff. of fset coeff.
1 0.6024% E-01 -0.1500 E+00
2 0.1175 E+00 -0.2805 E+00
3 0.8060 E-0O1 -0.1194 E+Q0
‘1 0.8144 E-01 -0.1500 E-00
5 C.10B1 E-D1 -0.3700 E-01
7 0.5638B E-02 ~-0.1500 E-01

sun elevation B1.00
sun azimuth 91.00

To make comparison of the data of the CCT with gualitative
description of absorbance of spil units in the B/W negatives and the
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CAVIA—composites easier, the data of the CCT were made nagativeihg
reversing the Look Up Table. '
The planetary absorbance can be calculated from the planetary
reflectance by using the equation Ypi =100 - a .

’ p,i i

whareyp i-absorbance and o ?reflectanne in band i. !
» ] :
No data were available to properly correct the R -values for i
atmospheric effects to ohtain surface reflection values C% .Fro¢ the
- - » 1
Ji -values.Since, however, the research is not meant to be a |
multitemporal atmospherical effects are neglected. i
|
|
B.3 Spectral absorbance of various salt crusts

Figure 29 shows the absorbance values of band 4. It can be seen:that
in contrast with the soil units of JUR (189681) more than three units
can be distinguished, It might appear, however, that some of th#se

units are similar on grounds of absorption percentages. To dete#mine
whether this assumption is correct several sampling points are |
selected in the various units and subsegquently ahsorbance i
characteristics are calculated in all bands. The spectral absoihance
curves that thus can be drawn for each sampling point can be used to
establish whether or not sampling point belong to the same soil |unit.
The curves can also serve to establish whether units that appear
different should be distinguished separately or can be collectiyely
grouped in a major unit.

Fig. 29. CCT image of Siwa Qasis, western part'
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Fig. 30. Spectral sbsorbance pattern of several soil units in Siwa
Ossis, western part

In figure 30 the spectral asbsorbance pattern is presented of several
spil units in the area west of Siwa. When comparing the absorbance
pattern of the units it is striking that all curves are similar in
appearance with only guantitative differences. The resemblance of the
curves might point towards a gradient that exists between the units
that are represented by the lowest respectively the highest curve.

In some units the spectral absorbance curves show deviations from the
overall pattern. This is the case with the curves of units 4 and 7
(see Figure 30). In comparison with the other units the curves of
units 4 and 7 show similar absorhance percentages in bands 4 and 5.

B.4 The location of salt crusts in the terrain

The observations described above can serve as a base for conclusions
on the relative height of the various units in the area.

The salt crusts in the area west of Siwa can be divided into three
soil units: a solid salt crust (salt crust thicker than 0.5 m) with
high groundwater level; a soft salt marsh with high groundwater level
and a8 ’'vegetation’ unit.

The spectral absorption of the various units that are sampled show
quantitative differences in curves. MENENTI (1984, p.85) shows that
with increasing soil moisture content of a soil unit the absorption
increases as well (see Figure 31). Hence, it can be concluded that in
figure 30 the lowest curves represent units with a low soil moisture
content and the highest curve represent units with a higher soil
moisture content.

This means that, considering the groundwater to be at a constant
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level, the spectral absorbance curves can be used to establish ¢he
relativa height of the various soil units in the area. 1

The lowest spectral absorbance curves are thought representative for
units with a relatively low groundwater level: the units with a!/solid
galt crust will thus be located in the highest position. The higher
the spectral absorbance curvas the higher the soil molsture content
will be and consequently the lower the position of the respective
spil unit in the terrain,

Since the spectral absorbance curves of units 4 and 7 show devigtions
From the curves of the other units, it is assumed that these units

- shpw specific Features.

The location of the spectral absorbance curves af units 4 and 7 {in a
high position in the graph indicates that these units are in a low
position in the terrain. The similar absorbance percentages in hands
4 and 5 might indicate the presence of a sheet of water on top gf the
salt crust. Minor variations in the curves of the sampling poiny are
described to changes in water depth. .

In figure 32 the relation between terrain situation, absorbancetand
suil moisture content is presented. 1

Unit 91612 5/311 {/7

[ ——

______ o

Absorbonce|  Low Interm High High

— e

Fig. 32. The relation betueen
terrain situation, absorbance Rel height | High Interm Low | vedy low
and soil moisture content

Surfoce !
———— Groundwater \
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8.5 Conclusions

When the spectral absorbance curves of the various units are compared
several features can be ocbserved.

Firstly, it is striking that the difference between a high absorption
in band 3 and a low absorption in band 4 becomes smaller when going
from a unit with a relatively high location to a unit that is located
relatively low. This feature can be ascribed to the levelling
influence of snil moisture that ahsorbs more radiation in band 4% in
the lower situated units.

Secondly, it can be observed that absorbance values of all units in
band 7 are in the same, small range. This is rather strange because a
distinction between a relatively dry unit and a relatively moist unit
should be fairly easy in band 7 (see alsc chapter 4).

The bad quality of these band 7 data seems to indicate that the
available CCT is not entirely correct.

Thirdly, the curves can be divided into three groups: one group
consists of the curves of units 4 and 7; a second group comprises the
curves of units 1, 3 and 5; the third group consists of the curves of
units 2, 6 and 3. These groups respectively represent the moist to
wet units, the intermediate units and the dry units.

This implies that units that look slightly different on the image
appear to be in the same group on grounds of similarities in spectral
absorbance pattern.

The division of the units into three groups resembles the one made by
Jul (1881>. Although minor changes may have occurred in the terrain
situation the overall wview is the same: the central unit is a
relatively highly lcocated dry salt crust; the sncircling unit
comprises salt crusts with an intermediate groundwater level, whils
the third unit is a salt crust with a high groundwater level or
perhaps in some cases a sheet of water on top of the salt crust.

So fFar, it has not besn possible to Find out whether the wet unit
resembles the vegetation wunit that was indicated by JUR (18B1>.
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9. SUMMARY AND GENERAL CONCLUSIDNS

9.1 Summary 1
|

This research was aimed at establishing the most suitable way of
using Landsat TM data to determine soil moisture conditions of salt
crusts in arid areas.
The Qattara Depression of the Western Desert of Egupt is an arda
where groundwater of the regiconal aquifer suystem comes close tg or at
the surface. Here, several types of salt crust are found that Qan be
used for the abuve described aim. |

: |
The environmental characteristics of the Rattara Depression ar%
described in chapter 2. :
The Qattara Depression is excavated in Tertiary deposits (Lowe
Miocene clayey to silty-sandy deposits and Middle Miocene limesgtone
deposits), It is assumed that excavation by wind action, mainl
during the Pleistoceng, has resulted in the development of the
Depression. The depth of the excavation was governsd by the level of
fossil groundwater that Formed a bass level for wind erosion. |
The continual seepage of groundwater of the regional agquifer system
into the Qattara Depression and high evapnration rates have induced
the development of salt crusts or sebkha: a mixture of salt an
clastic deposits. These sebkha are found at various levels as
result of a lateral and vertical variation in lithological
characteristics of the rocks of the bhottom of the {attara Depr§5510n

a

The salt crusts can be distinguished intoc older and younger types.
Distinctive characteristics are relative height of various saly
crusts, considering the depth of present grondwaterlevel; hardness;
and wind erosion features.

The relative spil moisture content of varios salt crusts in thj
Qattara Depression can be determined gualitatively and quantitgtively
by using Landsat THM data.

One of the gqualitative ways is to describe the grey tones of tHe
Landsat ThH B/W transparencies. In this research negatives of t
original positive B/W transparencies are usgd in order to pres nt
open water aor areas with a shallow groundwater table as white. A
decrease in soil moisture content will be shown as a transition from
lighter to darker grey tones. '

The Landsat TM B/W transparencies that are used cover the southern
part of the RDattara Depression, especially the area arond Sitra Lake.
It is observed that bands 3 and 4 show most variation in terrai
features, while bands S and 7 only show features that are related to
the environment of the salt lake. tr

The negatives of the Landsat THM B/W transparencies are also us%d For
colour additive viewing, the second gualitative determination salt
crusts and soil moisture content. Here, different colour filte are
assigned to the various bands that are subsegquently projected on a




single viewing screen. A speclally bulilt colour additive vieuwer,
namely CAVIA (= Colour Additive Viewer In Agriculture) is used to
compile the multiband images. The colours of the multiband image
(CAVIA-composite) that is created, form an indication For the
location of specific soil units and thus for a relative sail moisture
content of the various units,

The availability of the Landsat TIM hands 3, 4, S and 7, that all show
different aspects of the area of Sitra Lake, snables to distinguish
between two main combinations of CAVIA-composites. The first
combination is bands 3 and 4 with either band S or band 7; the second
combination is bands S and 7 with either band 3 or band 4.

The combination of bands that is considered most suitable fFor
distinction of soil units is 3 4 7.

Since CAVIA enables to vary the order of colour filters assigned to
the respective bands, the combination of colour filters that shows
the best wvisual distinction between the various soil units in band
combination 3 4 7 is determined. It appears that, considering the
sensitivity of the human eye fFor various colours, band 3= green, band
Y= red or blue and band 7= blue or red, is the combination of Landsat
TM bands and assigned cglpur filters that enables a rather good
visual distinction of all soil units.

From a comparison at various scales of 1984 Landsat THM images with
1973 Landsat MS5 satellite imagery, it is concluded that at all
scales the negativaes of the Landsat TM B/W transparencies are bhetter
For delineating spil units than the products derived from 13973
Landsat NSS,

A guantitative way of determining the relative soil moisture content
of salt crusts is described in chapter 8. A Computer Compatible Tape
(CCT) is processed and absorbance characteristics of salt crusts in
Siwa Oasis, western part, ara calculated. The spectral absorbance
pattern of various salt crusts enables to draw conclusions on the
relative soil moisture content and the relative height nf these
crusts in the terrain.

9.3 General conclusions

At the end of the research considerable insight has been obtained
into the possibilities of the various Landsat THM satellity imagery
products considering the determimation of relative amounts of soil
moisture of salt crusts in the Gattara Depression, Egypt.

A gualitative description of negatives of Landsat TM B/W
transparencies can only result in preliminary conclusions on the
absorbance characteristics of salt crusts and their relative amount
of spil moisture.

The qualitative description of the information contained in the
CAvlA-composites, together with the information on absorbance
characteristics of various land cover types can lead to conclusions
on the characteristics of specially indicated units in the terrain.
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The only quantitative analysis of specific units in the terrainihas
been by the use of a processed CCT. This has only resulted in tme
gquantitative determination of absorbance characteristics.
Subsequently, conclusions were drawn pn the relative height of he
various units in the terrain.

Here, the method of using CAVIA-composites and the method of using a
processed CCT seem to give acceptable results For the drawn-up |
objectives. Np analysis is made of the financial aspects of both
methods. Therefore, it is difficult to indicate which method should
be propagated. The availability of processing facilities, eithe
colour additive viewer for the CAVIA-compositaes or a computer EE
CCT, is important when deciding on the method that should be
followed.
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