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CHAPTER ONE

Introduction; analysis of desert topography from contour maps;
use of computer for analysis and map plotting

1.1 General Remarks

Terrain analysis, in geomorphology, is the study of the variability
in shape, pattern and orientatijon of landform. Geometric measurements
and analysis are aimed at quantifying land surface characteristics to
describe any type of terrain. Researchers and scientists have attempted
different methods, ranging from manual to computer-aided techniques, for
the collection and the analysis of terrain surface data and have derived
many different quantitative descriptors as a measure of the variability
in natural terrain surface.

Evans (1979) has contributed to this field of general geomorphometry
by developing an integrated system of terrain analysis. Using digital
altitude data, which is now often available through digital
photogrammetric mapping, he uses computer processing to evaluate five
basic properties of land form and to generate statistical summaries and
graphic displays. The five basic land descriptors are the altitude and
jts derijvatives gradient, aspect, profile convexity and plan convexity.
Evans has emphasized that:

The advantages of the present approach 1ie in its simpli-

city, directness and conceptual economy. It starts from

the properties of points on the surface, and show how

(excluding position) the properties of geomorphologic and

human interest may be measured by derivatives of the

surface. Without defining any elaborate indices or using

indirect analysis such as variance spectra, areas may be

characterized by moments of the frequency distributions of

'point' values, and by correlations between 'point'

properties. In this way, the summarisation of areas has

been coordinated with the mapping and interrelationship of
the 'point' properties (Evans, 1979, p.121).



1.2 Study Objective

The primary objective of this study was to carry out terrain
analysis of an area representative of the arid terrain in Saudi Arabia,
by using computer-based techniques. As far as is known to the writer,
computer methods for geomorphometric analysis of land form in Saudi
Arabia have not been reported so far.

The Kingdom of Saudi Arabja offers a large variety in land form.
Morphclogically, Saudi Arabia is part of a tilted block of pre-Cambrian
metamorphosed and highly deformed sediments intruded by masses of
granites. Geological disturbances have resulted in accumulation of
younger sedimentary rocks upon this block. Fisher (1978, p.462)
describes it best as follows:

"Tilting towards the north and east, and differential erosion

acting upon layers of varying resistance, have given rise to a

cuesta-1ike topography, with rather irregular ranges of hills in

the form partly of arcs and cusps, partly in straight ranks,
often presenting a scarp-face to the west or south, and a dip

to the north and east. In quite a number of localities, however,

strata are practically horizontal, and the landscape becomes

tabular in character : flat massifs diversified by wadi-floors of

varjous shapes and widths, and by blown sand deposits together
with outwash features mostly but not entirely due to rainfall at

an earlier geologic period."

The study area, which is more fully described in Chapter Two,
captures some of this variety in landform. The topography includes
rock outcrops and escarpments with steep slopes, alluvial fans, wadis,
lowland and even sand dunes. A primary interest, therefore, was to
ascertain how successfully can computer analysis be applied to such a
terrain.

1.3 Scope of study

Different approaches are applied here for the geomorphometric

analysis of the same study area.

Channels and ridges are elements of major morphological



significance in the physical landscape. As rightly pointed out by Mark
(1981) and Werner (1988 and 1972), although considerable progress has been
achieved in the analysis of channel networks, the topologic and the
geometric analysis of ridge 1ine and ridge patterns has received much

less attention.

Using the techniques of analytic topology and graph theory, Pfa[tz
(1976) promoted the concept of surface networks as a means for surface
description which is particularly well suited for mathematical analysis
and computer representation. Starting from peaks as points and using
the graph theoretic approach, Mark (1981) demonstrated that 'minimum
spanning trees' (MST), connecting peaks by straight 1ines with minimum
total distance, matched the actual topology in most of several hundred
sets of six peaks each. The match was most impressive in the homogen-
ous topography of the Big Sandy Basin in Kentucky with considerable
reductioﬁliﬁ the California Coast Range.

A different test in an earlier paper (Mark, 1979) was less con-
vincing but did show resemblance between observed frequeng%s of the six
po;sib]e graphs connecting six summits, and those from random simula-
tions of points within ellipses of varying orientations. 'Chains' of
six peaks were most common in each study area, followed by chains of
five, with the sixth summit branching off at one end, and thirdly, with
the sixth summit branching off in the middle. More compact graphs were
much less common, even for circular areas.

In a purely topological approach, Werner (1988) has applied graph
theoretic concepts to interlocking ridge and channel networks and
provided definitions of several new terms such as 'bicorn', 'intermedi-
ate path' and 'drainage complex'. A drainage complex js bound by one
ridge path and one channel path, joined by extending the two peripheral

outer channel 1inks up slope lines to the ridge junctions above.
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Werner defines ridges initially in terms of a plan convexity
threshold which, in simple fluvially-dissected topography proigi a
‘connected tree' topology which is trivalent, j.e. all junctions
jnvolve three 1inks only. At least one ridge occurs between each pair
of outer channel Tinks.

Crucially, he later on eliminates all but one ridge link between
any two outer channel 1inks. The 1ink retained is that which has least
gradient and s attached to the ridge 'tree'. This reduced ridge
network is termed the 'interlocking ridge network' which is a dual of
the channel network: the alternating outer 1inks establish a
topologically symmetrical relationship.

Werner (1988) proceeds to test the independence of these dual networks
in terms of the number of links in the channel path and the ridge path
which together bound a drainage complex of a given magnitude. (Magni-
tude is defined by the number of outer channel links contained). The
method by which a sample of drainage complexes is drawn is not stated.
Not surprisingly, given the way the interlocking networks are defined,
he rejects the notion of independence, even though the channel network
or the ridge network considered alone is more or less topologically
random. The combined channel plus ridge 1ink length of the bounding
path is considerably less varied than expected on the hypothesis of
channel and ridge independence. This seems to reflect the operation of
geometric constraints: for a very small or very large number of 1links
to bound a given drainage complex would require excessive variations in
either 1ink length or angular relations, between links on the bounding
path and those within. Such variation is very unlikely within
topologically random networks.

Werner's test s only partial, but it does seem to be a test of

the obvious. An important drawback of his approach js that it is

unlikely to provide useful information about the ridge network, since
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the number of outer ridge links is determined purely by the number of
outer channel 1inks. The term 'divides' is more appropriate than
‘ridges' for his jnterlocking network.

If ridges were defined consistently, it might be possible to learn
how they relate to the independently-defined channel network. Pre-
sumably the closeness of this relationship would vary regjonally,
especially with structural and tectonic control, and with glacjation
and complexity of denudation chronology.

As yet, the fruits of applying topological approaches to ridge
networks have been 1imited. Geometric approaches are to be preferred.
For example, the existence of summits on ridges guarantees that their
profiles will have greater average gradients than intervening river
| channels. The analysis of mountain ranges bounded by valleys and Tow
passes is appropriate for summits and for ridge networks, as is the
analysis of drainage basins for channel networks. Werner's 'drainage
complexes' seem to be an unhappy compromise between these two, useful
only in providing neutrality as between ridges and channels.

A viewerlooking at two overlapping aerial photographic images of
mountainous terrain pseudoscopica]]y perceives the three dimensional
model in reversed relief, i.e. the depressions and the drainage is
elevated and the ridges are depressed. This dramatic appearance of the
" ridge pattern to be geometrically similar to the stream pattern led to
the idea of analysing ridges by a technique which has been successfully
used for the quantitative analysis of drainage patterns. In this
approach, the streams are ordered starting from 1 and the numerical
order increases as a stream meets another stream. This is usually a
manual technique and involves the measurement of the total lengths of
streams of different orders covering the study area. The results have

been expressed in terms of stream densities per unit area and by

bifurcation ratios.
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The primary interest was to apply such analysis to the ridges in
the study area. This was further extended to define the magnitude
(relative height) of summits and to analyze the density and the distri-
bution of summits. A summit, for this study, is defined as any terrain
point which is enclosed by two or more contours. Terrain characteris-
tics such as number of summits per Tinear length of ridge, average
height of the summits, etc. were then evaluated as discussed in detail
in Chapter Three.

Varjous attempts made in the use of computers for terrain analysis
have differed in two major respects - in the way the terrain data has
been collected and in defining the geomorphometric characteristics of
the terrajp. Mark (1975) has concluded that, for a given number of
points, the 'surface-specific' terrain data results in a more accurate
representation of the form, as compared with the surface-independent
data for which the most common format is a uniform grid mesh.

In order to study the reljef (altitude range) for grid squares at
different sizes, altitude data were captured for the highest and lowest
points in each 1 km x 1 km grid block for all the Thaniyat Turayf
area. For subsequent analysis at 2 km grid intervals, the 1 km data
were reprocessed for the larger aggregates. This analysis is presented
in Chapter Four. In a more detailed grid-based approach, altitude data
were captured for regular grid points for only part of the Thaniyat
Turayf area. Evans (1979) has presented several convincing arguments
in support of computer-assisted techniques for terrain analysis. This
jncludes the use of digital ground models (DGM) which can be easily
acquired from aerial photography or from good maps. It was decided_to
apply the integrated terrain analysis system developed by Evans to the
selected area in Saudi Arabia.

The basic input data to this analysis is altitude at points over a

uniform grid mesh covering the area; ideally it should be captured by
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photogrammetric processing of good-quality aerial photography of the
area. However, in the absence of the avajlability of such a data base
at the University of Durham, it was intended to use the existing
topographic maps of the study area and to manually extract the
digitized ground model data at a small grid interval compatible with
the scale of the map. A grid mesh of 100 m was used, for 1:25,000 maps
with photogrammetric contours at a 10 m vertical interval. The details
of the procedure used and the results obtained are discussed in Chapter
Five.

The primary interest was to demonstrate the application of these
different methods of approach in facilitating interpretation of
landforms in this part of Saudi Arabia, and providing quantitative
measures of terrain properties which are often expressed qualitatively.
The meaning of these various results is summarised in the concluding

Chapter Six, and comments are made on the value of the different

methods.
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CHAPTER 2

THE THANIYAT TURAYF AREA; BACKGROUND
AND GEOMORPHOLOGY
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CHAPTER 2

The Thaniyat Turayf area; Background and geomorphology

2.1 General Remarks

This area was chosen for study because it is representative of the
arid terrain in Saudi Arabia, and suitable for this type of analysis. Also,
it is the only part of Saudi Arabia for which topographic maps were
available in Durham. Another reason was the fact that no detailed study
of this area exists, excepting the part covered by one of the 16 map
sheets "Thaniyat Turayf Quadrangle" which area is known to contain
large phosphate deposits. Since the discovery of the phosphorite in
this area in 1965, several studies of this area have been made which
include J.W. Mytton 1967, C.R. Meissner and A. Ankary, 1972, J.W. Berge
and J.Jack, 1982, R.L. Walderich, 1969, V.J.Flanigan, 1969.

M.C. Mew 1980 p.172 states that:

“Thaniyat lies to the southeast of Turayf and is 320-380 km
from the Gulf of Aqaba and 210 km east of the Hejaz
railway. The highest average phosphate values were found
along a 10 km stretch near the centre of the line of
cliffs named 'west Thaniyat'."

“At the west Thaniyat the zone contains two beds of phosphate.
Six core holes were drilled in a pattern behind the face

of the outcrops and they range in depth from 30 m to 103 m.
The results of the drilling indicate that the bed trends
north-northwest in the subsurface from its outcrop for

about 10 km and thins out to the east and west."

C.R. Meissner, 1970 p.58.

2.2 Geographical location and position

The Thaniyat Turayf study area is located in the north western
region of Saudi Arabia between 37°45' to 38°22' 33" East longitude and
29°22' 30" to 30°07' 30" North latitude, see Fig. 2.1. Its total area
is about 2,500 sq.km. The scale of the maps used is 1:25000. This

area is situated on the borderland between Saudi Arabia and Jordan.
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Fig.Zo]
Location and position for Taniyat Turayf area in NW. Saudi Arabia.
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In fact, the western part of Thaniyat Turayf area at one time used to
belong to Jordan. In 1965, however, Jordan surrendered its sovereignty

over this area to Saudi Arabia as part of a new border agreement.

The area is surrounded by many different types of topography.
West of the Thaniyat Turayf area there are Jabal Al Tubeiq between
Jordan and Saudi Arabia; to the east the Wadi As-Sirhan basin
(300 km x 30 km) lies in the west of the northern hills of Saudi Arabia
600 m above sea level, the wadi As-Sirhan runs through it between Al
Azrg in Jordan and Al Jawf in Saudi Arabia. The width of this ‘wadi'
is about 16 km, North east of Wadi As-Sirhan volcanic activity has

produced an area of large basalt flows named Al Harah.

Between Al Harah and Wadi As-Sirhan is sabkhah Hazouza which has
deposits of silt, clay and muddy sand, commonly saline. This sabkhah
is fed by the short wadis flowing from Al Harah. Northeast of Al
Harah is the Al Hamad basin which stretches from Saudi Arabia to Syria

and Iraq.

The Nefud desert is south east of the Thaniyat Turayf area.
This is the position for the study area in Saudi Arabia but outside of
Saudi Arabia there are Badiet Esh Sham (Syrian Desert) at the far north,
the Dead Sea at the west in Jordan and the Euphrates Lowland in

Irag to the east (Fig. 2.1).

2.3 Physical Characteristics of the Study Area

2.3.1 Climate

The climate of the area is dry and very hot in the summer, and
moderate in the winter. Temperature conditions are typical of the hot

desert type with wide variations from summer to winter and from day
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Fig.2.3 Mean annual temperatures of the coldest month (°C) in Northern Saudi Arabia.
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to night. These result from a clear sky, high insolation, aridity and
low vegetation. The daily variation in temperature is about 15°C and
the coldest months in this area are December, January and February.
Due to the absence of cloud cover during the winter, frosts are

common and the temperature on many occasions falls below 0.°C.

Figs. 2.2 and 2.3 show the temperature distribution in the northern S.A.

TabTe 2.1 shows the temperature and rainfall in Tabuk which is
located south west of the Thaniyat Turayf area at 36°35' East
longitude and 28°24 North latitude.

Table 2.1 Temperature and rainfall in Tabuk, N.W. Saudi Arabia

Jan. | Feb.| Mar [Apr. [May -Ju. Jul. |Aug. |Sep. |Oct. [Nov. [Dec.

rainfall
(mm)

Year
mean Min.
emp. °C -1.110.0|2.7| 4.8111.7 16.818.2(19.2/15.5| 8.9 5.1] 1.8
Mean daily
Temp.°C 12.2 N14.1 17.7120.525.5 [28.0 |29.6 [31.0(28.0(22.2[17.5 [14.5
Mean Max.
Temp °C 25.6 [28.7 {32.7136.3(39.2 {41.0 [42.7 {42.3140.5(35.4(29.9 [27.1
Total
amount of o 510 500,21 1.118.8]0.0]0.0]8.2]6.6|1.918.4]5.0[76.1

From Takahashi and Arakawa 1981
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For most of Saudi Arabia "the rainfall generally lower
than 100 mm is accompanied by intense summer heat giving very
high evapotranspiration rates." (H.Bowen-Jones and R. Dutton,
1983, p.18). The rainfall fn this area usually occurs at the
beginning of the winter season and has a Tow average because it
lies on a transition zone at the junction between the Mediterranean,
winter rainfall type and the Monsoon, summer rainfall variety.
Rainfall is between30&50 mm per annum and part of it falls as
heavy rain during thunderstorms. Fig. 2.4 shows the average
annual rainfall in north Saudi Arabia. Sometimes this type of
rainfall causes damage for people and soil as "in 1969,

400 km of a newly constructed highway in Central Arabia were
washed away by one night of rainfall, and in 1945 Damascus
(annual average 240 mm) received 100 mm in a single morning."
Fisher 1978, p. 66. The relative humidity in Thaniyat Turayf
area is low throughout the year, but especia]]y_jn the
summer. An important climatic feature is the Shamal winds
which blow over the northern and middie parts‘of Saudi
Arabia. "Twice a year, in December-January and May-June,

the Shamal season of north west winds occurs. The length

of the Shamal season varies from year to year but may range

from a few days to 50 or more." D.A. Holm, 1960, p.1370. _

“The windy season in northern Saudi Arabia extends from late fall to
late spring." J. Whitney et al.1983, p.5. The wind generally blows

from the southwest or northwest, sometimes causing severe dust storms.



Fig. 2.4 Average annual rainfall (in mm) in Northern Saudi Arabia.
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Sand storms are whipped up very strongly from March to May in this
area reducing visibility to zero. The following statement about the

climate of Kuwait applies also to northern Saudi Arabia :

“The dry and hot north-westerly winds (Simoon) that
prevail in the early summer, due to the effect of the
monsoonal low pressure system, are mostly associated
with dust-storms." Khalaf, Gharib and Hashah, 1984, p.13.

There is also some "cyclone" activity in the spring and summer.

2.3.2 Vegetation and soils

The rain, which falls mostly at the beginning and end of the
winter season, is quite inadequate to support agriculture. Only
scattered bushes and grass cover some parts of this area after heavy

rain and the agriculture is entirely dependent on well water.

The stable dunes of the sandy part of this area support a
variety of shrubs, grasses and herbs. "The most common dune grasses

are Fénicumm turgidum, stipag ﬂbstis obtuea and Astenatherum

forsskalu. The common perennial plants are €alligonum comosum,

Artemesia monosperma, Artemesia abyssinica, Monsomia rivea, Ephedra

alata, Cornulaca monocantha, Haloxylon salicornicum and Scrophularea

deserti." Vesey-Fitzgerald, 1957; E.S. Schulz, written commun.1982

in J.W. Whitney, p.27 1983.

At present the land under agriculture is limited, but there
are many fertile areas which can be cultivated with water supply.

There is vast potential agricultural land in the valley floors.

Wadis are partially filled by alluvial and aeolian deposits,

forming thick layers of silt and sand. Soil erosion in this region
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as in most of Saudi Arabia is very high because of the powerful flash

floods and strong winds.

2.3.3 Geology

Most of northern Saudi Arabia is formed of different sedimentary
rocks; from the geologic map of this area (Fig. 2.5) we can see nine
kinds of rock. We may divide the study area into two geologic areas,
Turayf and Fajr. Most of the Turayf area is a plateau of limestone,
chalk and marl. Northeast of this plateau are the Al Busayta plains
of gravel, primarily coloured tan to brown and cream to white. In
the far north at Al Ghinah wadi there are some silt and associated
fine sediments, as well as in the south of Turayf wadi. South of Turayf
there is some quartz sand stone at the Jibal Al Howsa footslope, and
below this is a gravel piedmont, narrower than the plains to the
northeast. In the Fajr area there are limestone, chalk, marl and
gravel in the northeast, sandstone and calcareous duricrust in the
northwest. In the southwest of Fajr there is some silt at Ashshibliyat,
quartz, sandstone and silty shale in the middle and sandy limestone
or calcareous duricrust in the south. Eolian sand in the south
eastern part of the Fajr area is mostly mobile and forms the

northwestern end of the Al Nefud Al Kabiar desert.

2.3.4 Topography
The topography of this area is quite similar to the adjacent
topography. This area is part of two different types of topography,

Wadi As Sirhan and the Great Nefud desert.

The study area is part of the group of the west wadis which
collect in wadi As-Sirhan. "The Sirhan-Turayf basin in the northwest

corner of Saudi Arabia developed either as a sag in a structurally
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flat area or as a result of the growth of the Hail arch to the east.
The southwest flank of the Sirhan-Turayf basin may be a half graben
controlling the present course of wadi As-Sirhan, a broad elongate

trough." (Powers and others, 1966).

The topography of the southeastern part of this study area is
similar to the Great Nefud desert where wind action is clearly visible
by the sand dunes. "The Nefud desert of the north is almost as
inhospitable and from it extend great lobes of sand dunes."
| (Bowen-Jdones and Dutton, 1983, p.19) "... Violent winds in the
Nefud, which spring up and die down with equal rapidity. Owing to
the local character of these winds, sand dunes in many parts take on
the barchan form, but because of extreme local variability and strength
of the wind, the dunes are aligned in many directions." (Fisher, 1978,

p.496, 497)

Sixteen map sheets covering the Thaniyat Turayf area have been
photographed and reduced to 50% size (1/50 000 scale) and 25% size
(1/100 000 scale). Photos at a scale of 1/100 000 were cut and joined
together on one sheet for all the study area. From this sheet they
were rephotographed for printing at different scales. These are reproduced
here at 1/400,000 scale for the whole study area (Fig. 2§), and
at 1/148 000 scale in five sheets (Figs. 2.7 a,b,c,d, and e). The
geomorphologic map was drawn from a print at 1/200 000 scale and

reduced to 1/400 000 for Fig. 2.8.

The summit levels are between 1,045 m in the south west and
690 m in the northeast. The highest summit is Al Qasimah (1048 m)
at the headwaters in Qasimah wadi, at the south west corner of the
Thaniyat Turayf area. The heights of the lowland and valley floors

are between 627 m in the northeast and 998win the southwest.
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FIG-2-8 Geomorphologic map of Taniyat Turayf area N.W. Saudia Arabia
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The geomorphologic map of Thaniyat Turayf area (Fig. 2.8)
shows the drainagese.g. Wadi Fajr, mainly flows to the northeast
but wadi Turayf flows from west to east. Wadis Umm Alarta and
A1 Mudaysis initially flow northward, but then curve toward the
north east. Al Ghinah wadi flows northward and then curves toward
the east. Wadi Abu Sulla flows eastward but then curves toward the

north and then to the northeast.

The geologic map shows that the main escarpment facing south
is formed by three types of rocks, a resistant formation of quartz
and sandstone below, then less resistant, poorly consolidated quartz
and sandstone, and in the top a resistant rock of hard, chalky,
nummilitic limestone. The scarp's height rises from 130 m in the
east to 190 m in the west. It is linear, but dissected by valleys
up to 4 km long, such as wadi Abu Tulayhah in the east. At the
western edge of the study area wadi al Qasimah has a much longer

valley trending south.

Most of the plateau is well dissected by valleys, but in
the northwest part of the plateau is undissected. In the south,
below the escarpment, there are deposits of silt and gravel washed
down by the wadis. "Alluvial fans are deposits with surfaces that are
segments of cones radiating downslope from points which are usually
where streams leave mountains, but which may be some distance within
the mountain valleys." (Cooke and Warren 1973, p.174). But the
alluvial fans tend to be concave in profile. (I.S. Evans, personnel communicatioq)
Alluvial fans are found in the south below the escarpment, and in
the east. The orthophoto maps show 'wash lines' formed by occasional
flood discharges in wadis and where they flow onto the plains. These

are common in the north and east of this area, as well as in the
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south. Some temporary lakes form in the wadis after rain, for example
at the end of Wadi Turayf. Low relief depressions occur in many

parts of this area especially in the southeast corner. Longitudinal
sand dunes reach the southeast of this study area, at the northwestern
end of the Nefud. Hence in this part of the study area the topography
changes from steep slopes to flat plain and the ridges are gentle.

To give an impression of the landforms in this region of Saudi Arabia,
some photographs of the Al Harah area (near Thaniyat Turayf) were taken

for me by the Ministry of Agriculture and Water. (Figs. 2.9 - 2.18).
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CHAPTER 3

THE THANIYAT TURAYF AREA; MAPPING
AND ANALYSING SUMMITS, RIDGES AND COLS.
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CHAPTER 3

The Thaniyat Turayf area : mapping and analysing

summits, ridges and cols.

3.1 Introduction

Summit mapping is a method for studying the topography of almost
any area and land surface and is meaningful in comparing areas of the
same structure. Previous work by Evans (1972bunpublished) concentrated
on glaciated mountains in British Columbia and in Britain.. The
objective here is to test whether his method can usefully be applied to
a very different topography of a dissected plateau in the Saudi Arabian

desert.

3.2 Definition of summits, ridges and cols:

A summit is defined as a point from which the surface slopes
downward in all directions. To make the definition operational, we
include only those summits defined by two or more closed contours, so
the threshold summit magnitude relates to the contour interval. Ridges
are the water divide lines which joint summits to summits, and the
lowest part between two summits on the same ridge is a col.

The measurement of summit height by altitude above sea level is
not satisfactory, since the height should be defined in relation to the
adjacent parts of the land surface; hence it is more useful to measure
summit magnitude. Summit magnitude is the height of any summit
relative to the height of a col on the same ridge, and the magnitude of

a summit is measured by the number of closed contours.
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A summit and ridge map has been drawn from the orthophoto topographic
maps of Thaniyat Turayf area; see Figure 3.1. Summits have been
located for every 2 closed coﬁtours of 10 m contour interval, and the
intermediate 5 m contours shown in some of the maps have been ignored.

Ridges were drawn along the water divide lines to join summits
together. Some ridges in the northeastern part are very long with
slight undulations and low summit density because this part forms a
plateau. The lowest part between two summits on ridges was located to
calculate the magnitude for each summit.

Some summits on the fringe of this study area are difficult to
define by ridges and cols because the maps adjoining the study area are
not available. This affects especially the southern and western edges
of the study area. Hence some difficulty was experienced in
determining the summit magnitude for the highest summit in some
mountain blocks, such as Al Howsa, Al Ghinah and Jabal Jualah. In the
southwest corner of Jabal Al Howsa, the summits are very close to each
other. This made it difficult to indicate some cols and ridges on the
1:50,000 scale map, and due to this reason it was necessary to double

the scale for this area.

3.3 Distribution of summits, ridges and cols in

the Thaniyat Turayf area

The topography is primarily a dissected plateau and in many cases
the summits are about the same height, and not much higher than the
cols which separate them. It was found that in 648 cases, the summit
magnitude is defined by only two closed contours (about 20 m, or
between 10 m and 30 m, if the contours are accurate). In the south,
there is an abrupt escarpment terminating the Jabal Al Howsa with a

cluster of summits in the southwest, together with some isolated
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Fig. 3.1

THE THANIYAT TURAYF AREA — N.W. SAUOI ARABIA

inset

(See the map at the end of the thesis)
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summits. Here, around the headwaters of Wadi Turayf, the plateau is
further dissected into separate summits and both the density and the
magnitude of summits are generally greater. The method, developed by
Evans (1972b)from the concepts of Cayley and Maxwell, works well in the
dissected plateau but encounters some difficulty in the plains fringing
the southern and northeastern margins where the magnitude as well as
the density of summits are lower. Some of the ridge lines which link
isolated summits to the main ridges cross pediments or bahadas; these
are poorly defined and probably unstable over time, a single flood
could change the pattern of wash lines and hence of ridge lines.

To calculate the summit density and the summit intensity for
mountain blocks, the number of summits or the number of contour
closures have been divided, respectively, by the length of the ridges
as shown in Table 3.1, where in Evans (1972L91t has been divided by the
area for every mountain block. This is because the length of ridge is
clearly defined whereas for area measurement the limits of a mountain
block may be difficult to establish in the surrounding plains. Summit
density for any area is the number of summits divided by the total
ridge length in the same area. The average summit height (magnitude)
is (number of contour closures x contour interval)/number of summits.

There are four mountain blocks. Al Howsa Block is the largest,
and was subdivided into four areas, A, B, C and D. The average summit
height for Thaniyat Turayf area is almost similar in pattern to the
summit density for the same mountain blocks (Table3.]), with the highest
density in the Jabal Wailah (.990) as well as the greatest average
summit height (26.95); the lowest summit density is in Jabal Jualah

mountain block (.361) which also has the lowest average summit height

(22.34).
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Table 3.1 Measures of summit intensity for Thaniyat Turayf area
Moun-  Ridge  Number Total* Summit Average Closure
tain length of summit  density summit intensity
block km summits  magni- (per km) height (m/km)

tude (mg
(m)

Al Ghinah 148.7 86 2080 0.578 24.18 13.98

A1 Howsa:

Block A 264.2 164 3760 0.620 22.92 14. 21

“ B 214.65 81 1830  0.377 22.59 8.52
" C 223.8 181 4560 0.808 25.19 20.35
"D 164.65 153 4000 0.929 26.14 24.28

Jabal

Wailah 201.95 200 5390 0.990 26.95 26.68

Jabal

Jualah 130.1 47 1050  0.361 22.34 8.07

Total
Al Howsa 867.3 579 14150 0.668 24.43 16.32

Total

for

Thaniyat 1348.05 912 22670 0.67653 24.85 16.80
Turayf

area

* Number of contour closures x contour interval
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Single-closure summits have been excluded. The resulting counts
and parameters are presented in Table 3.2 which shows that the great
majority of summits have a summit magnitude of two (or two contour
closures). In the Thaniyat Turayf area there are 648 such summits, of
which 417 are in Al Howsa mountain block. The frequency distribution
is very skewed, with very few high-magnitude summits. The geographical
distribution of summits in the Thaniyat Turayf area shows that the
highest summit magnitude (16) is in Jabal Wailah mountain block. The
Jabal Jualah mountain block has the lowest summit magnitude, with only
47 summits having magnitudes between 2 and 4. In the Al Ghinah
mountain block, there are 86 summits with magnitudes between 2 and 7.

Figure 3.2 and Table 3.1 shows the closure intensity for this
area. Jabal Wailah has the highest closure intensity (26.68m/km of
ridge) followed by total Al Howsa mountain block. Jabal Jualah has the
Towest closure intensity (8.07 m/km).

Some comparison is possible with similar work by Evans (]9725.
unpublished) in the glaciated mountains of British Columbia in Canada
using 100-foot (30.48m) contours. This has different landforms such as
glacial troughs and cirques, which cut the ridges into series of
prominent summits. The relief there, in the western Cordillera of
America, is considerably greater than in northern Saudi Arabia.

Another glaciated area studied by Evans was Gwynedd in north-west
Wales. This is lower than the British Columbia area and less strongly
glaciated, but it is higher than Thaniyat Turayf area. It has the
highest summit in England and Wales.

To compare the Thaniyat Turayf area with British Columbia and
Gwynedd it was necessary to make the contour interval equivalent, at
30m. Table 3.3 for the summit distributions for all the three areas

shows that Gwynedd has more summits (1534) than Thaniyat Turayf and
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Fig.3.2

Closure intensity in Thaniyat Turayf area — N.W. Saudi Arabia
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Table 3.2 Summit magnitude distributions for Thaniyat Turayf area
. ol
Mountain Magnitude
Block
2 3 4 5 6 7 8 9 16 72

Al Ghinah 65 12 6 1 1 1 86

Al Howsa:

Block A 128 25 10 ] 164
" B 65 12 3 1 81
w C 127 38 7 3 3 1 1 1 181
" D 97 39 7 6 1 1 2 153

Jabal Wailah 129 4] 13 10 2 4 1 200

Jabal Jualah 37 9 1 47

Total Al Howsa 417 114 27 11 4 2 1 3 579

Total Thaniyat 648 176 47 22 7 7 1 3 1 912

Turayf area

* The highest point in the study area, Al Qasimah, has a magnitude of
at least 4 (i.e. 104-100), but probably more. Maps to the west
are required to determine this more precisely.



TABLE 3.3, SUMMIT MAGNITUDE DISTRIBUTIONS FOR THANIYAT TURAYF AREA, BRITISH COLUMBIA AND GWYNEDD

Metres l 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570 600 630 660 690 720 750
area
Closures (30m) 1 2 3 4 5 6 7 8 g9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 above 25 km?
Total Thaniyat
Turayf area 871 36 4 0 1 250
Total Gwynedd
area 1314 104 43 18 9 110 7 7 3 4 - 3 1 2 1 1 - 1 1 1 1 - - - 1 1 (33) ;3
White Cap -
Truax-Mission 179 63 30 19 13 12 9 6 3 - 1 - - 1 1 2 1 - - 1 - - - - - 2 (b];
49)
Mount Birch 101 18 14 8 6 3 4 2 1 - - - 1 - 1 1 - - - - 1 - - - - [
. A
Rex -
Shulaps. -
Bigdog 148 43 32 14 9 6 2 1 4 3 - 2 - 1 2 2 - - - 1 - - - - - 1 (aq)
Red Mountain 122 24 21 4 - 1 1 - - 1 - 1 1 - - - - - - - - - - - 1
Yalakom-
Ninemile 141 53 19 8 8 2 1 2 1 - 1 - 1 - - - 2 - - - - 1 - - -
Tyax~Gun 49 10 7 S5 & 7 3 - 4 - -4 = - - - 1 - - e - - - - 1 (30
Black Dome 104 28 10 9 5 1 1 4 - - 1 - - - - - - - - - 1 - - - -
Total British 454

Columbia area 844 239 133 67 a6 32 21 15 9 a ks 3 3 2 4 6 3 - - 2 2 1 - - 1 a

B.C. Data is revised from 1986 except magnitude ) for all Mountain Blocks, and Tyax-Gun, which are from Evans 1972bunpublished
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British Columbia. Although the Thaniyat Turayf area has no summit
magnitudes greater than 160 m, its summit distribution is similar to
Gwynedd's, with the great majority of summits around 30 m, with a rapid
decrease in number for greater magnitudes.

In British Columbia summits of considerable magnitude occur. In
the Bendor Range the topography is high and as shown it has the
greatest summit, at 1350 m. The Black Dome area in British Columbia is
more similar to the Thaniyat Turayf area.

The logarithmic plots(ﬁ‘gures 3.3, 3.4, 3.5)for Thaniyat Turayf
are linear perhaps because the areagis fluvially eroded, but Jabal
Wailah has a concave shape because it has a high value summit of 160m
magnitude.

For the Bendor Range, Shulaps - Big Dog, which suffered intensive
cirque and valley glaciation, the logarithmic plots Figures 3.6 and 3.7
are definitely convex. Mission and Tyax-Gun, less heavily glaciated
but with numerous cirques, show convex tendencies, but Black Dome and
Mount Biréh, with only a few scattered cirques, provide straight plots,
as does Gwynedd (Figure 3.8). As a provisional interpretation then,
the convexity of most British Columbia plots may be due to glaciation.
The Thaniyat Turayf area, more representative of fluvial terrain
despite its desert location, provides the simpler logarithmic summit

rank-size plot.

3.4 "Ridge order
Ridge lengths for all mountain blocks in the Thaniyat Turayf area

were measured and ordered as in Table 3.4. Starting from a terminal
summit, a ridge remains a first order ridge until it meets another

first order ridge. Where two first order ridges meet they form a




Frequency count ==

QUADRILLE SEMI-LOGARITHMIQUE A 3 MODULES - Les Papiers Canson - France -

52

Fig.3.3

Piligiigt it
! : : —

2 3 4 5 6 7
Summit magnitude ==




Rank

s0O

40

20

60 70 80 90 100

Hunt & Svoadhum tid., Oxford

wQl ut apnjiubew

Hwwng

- ® ~ ® n - L] ~ - o ~ © n - L ~
£ S=a: .
T :
—
T
: T
i R T
T I
v T t
3 T
T T 1
P o i X
IER, T3 - T
= s b N
T s i
7 . : T
i + T
R - .
P ! ! }
Pl 3 \ T
: i
; T
! ! v T
i !
I 1 1
: cit i
[N f 7 " T =
i bt ' i ] |
7 i
jStes =
I po
pong ‘ = Smiiming Sup
4— —
.
<
o g
; .
*
- i
i
g )
il P '
il St ' . ' 1 .
. el L T -
— . LI
i B
. ot -
b 0! [
0 . 1 : N
t
H o
B .
boeee
!
. DY N \
' . A ! . .
: ; : '
- o e -
' +
— - Pt [ . 1
a . . IR I it [ !
o ~ - ~ = & @ ~ e n - ” o~

500 600 700800300000

400

300

40 SO 60 70 80 90 100 200

30

20

Summit Rank Jabal Wailah Mountain Block

Fig.3.4



Rank
30

400 500 600 7008003001000

300

200

40 SO €60 70 B8O 90 100

20

10

-a ® ~ © n - o~ e @ ~ e© n - " ~
T —_— - o
:
e
T T = :
T s : : : = +
sotus Y ?;. ; : :
..... : : :
it $ A + T S SSSRREN CYSURERONN ER ISt
gt o i Tt t * 1 7 I3 £ 50%1 IR )
i : Y t : T
L= T
PR IR Il
Pea :
o ]
T T
[ SRR
t i i
4 :
i T i
SEN ' 1. .
i o
7 T
td I i "
- it
P
. it T >
‘ . i [BER]
T
N
. o
; P i
o,
e - T
ot Z ol Sk
= - —e
. o .
. S SRR
- Q
T
.. — [ o |
L
: i
L . =-! :
T I A - o
N R :
L Lt IR BT : i . f
T g s T e ki T
s 1 1 N o
ST
3 N ¥ S K
-5
T [ = =
S t = =
CoImmTioeC [
[ b= : ¢ e
fzop f — -
s : ==
It
o jroues bon ha—
— 1. oor
»l:\‘ybvlllw
T 1
|
- R 4 Lt
_ _ Tt
: o
: — -
P
m a @ ~ - n < ~ w a -] ~ o n - ~

Hunt & Sroadhurst Lid., Oxford

wo

i

ul apnjtubew juwwng

400 500 600 700 8000000

300

200

50 60 70 80 90 100

40

30
Summit Rank AL Howsa Mountain Block

20

Fig.a.s



—— Swo@>de|g pue uoIssi|y — xena] ™ dex’YAA fuey jwwng 931y

1t 6 800L

. omm omn o?, 00¢ 00z O 06 Ov Oz 09 QOs or 0¢ [e74 . O 6 9 £ 9 s v € z

"

-

MM 1T L

e | T AT
| ! 1. ] 110
H w 4 1F :
R mﬂ od . | I 0 i N Ol
T i [REeaga=da=x

1t it Geeogeoe il prre gyt R

4 ﬁj{ . EAEENE . piiEEg
! < i Hm .uuu.wnl,wxu-x

~

et
b
-
i
T
I
!
=
£
O
L,
)
23
3
e Ay
i
Y1)

—d
o
b
”
'
7o)

1

N

wQg Ul apmiudew Jwwng

[=]
=

- - - <ot -6 - - - J O IR 95 SO o
m : FI O S ) aidennnn
i - ] ol S SN S 900 A
h NI DT 5 0 S il e
_ g .I.T - - A

i il N0 YR g - £ + I RS

| ; i i EERCE R - I B o o T ot =

: i T = E B e —

e | L L E3 TAel - - 2

(19l 4019 gl £ [ARE HHHH R E

w . "~ N , .i..ul,.; RN B 0 A A Dt -
M | T T
m W i m ! m~ _ SESEREREN m M w 1 EEBE u.uJH,!n

Hunt & Broadburst Ltd., Oxtord

e



i

T T

i

B e s e T I PR

PR

|
-

Hunt & Broadhurst Lid., On.oa.

30

20

wQg Ut spmiuBew wwing

10

and Red Mountain =g

Rex — Shula

~00

v 0 0 W00

0

‘0

0

20

7 n a

dog

6

big

ps —

2

Summit Rank

7

3

Fig



i
i

e e

g

PRPSRSUIER SO

- @ ~ © n g " - o o ~ o n - - ~ -
=
S s b ks marear LESLISoL S B FEERES EERR G I fen] Bt BEd R Fes [ ES RS K N ]
== i i i e e
. s SRRSO Sl i RS Y
”«‘lt ——————— e —
= T B e
1 — -
) i i
i e LT T T I I T T
= pReetnd badhupgumun e b S e
: T e e L
e e s S :ulH.Ml”.n ORI llH\cml 1
B St S vabnis b ampnia il el (i |
B IZTITEEE
- TS ey TS Py e e
iy e gl b |
- e ——— T 4
et TTvIIITTTATII T Iy T T T T
S e g S —
ST kit fl i e S
S S S S SR e St St o
B Sope I T ) ;
- SO SO SN SO - . .
: _
- . PSR : :
SO § SR Ry S
T 1 e Tttt T - T |
B DU S -
[ -
PO A AR

L. Lt R M
.ullsu m s — e e
e l_, - -
}
: ! )

Hunt & Broachurst

Lic .

Oxtos t

wQg u Ipnltudew Jlwwng

600 700 800900 1000

“s00

400

300

200

0 00

0 "0

0

‘0

Summit Rank Gwynedd —— g

Fig.g.g



58

second order ridge, where two second order ridges meet they form a
third order ridge, and when two third order ridges meet they form a
fourth order ridge. A summit on a first order ridge is a first order
summit and that on a second order ridge is a second order summit and so
on. The number of first order ridges divided by the number of second
order ridges defines a 'bifurcation ratio'. Evans suggests that the
ordering of ridges may serve to reveal terrain regularities and
variations.

In British Columbia and Gwynedd the results are quite similar to
those of river system ordering, except that the bifurcation ratios are
unusually high; see Table 3.5 (Evans 1972b. unpublished).

For all the Thaniyat Turayf area ridges defined by summits of
magnitude two and more have been ordered as in Table 3.4. Figure 3.9
shows ridge orders from the second order to the fifth order. It shows
also the main ridges which in Al Howsa and Wailah mountain blocks
surround Wadi Turayf, the main topographic feature in this study area.
The Jualah mountain block has only three ridge orders. The ridge
bifurcation ratios are high, above (4.0) for most of mountain blocks.

It is not necessary to find the highest summit on the highest
ridge order, as in Al Howsa mountain block the highest summit is 1048m

and it is on a first order ridge.
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Table 3.4 Ridge order in the Thaniyat Turayf area
A.
Number of ‘Ridges of order : Ratios
1 2 3 4 5 1/2 2/3 3/4 4/5
A1 Ghinah 47 13 4 2 1 3.6 3.3 2.0 2.0
Al Howsa 271 62 14 3* 1 4.4 4.4 (4.7) (3.0)
Wailah 88 21 5 1* - 4.2 4.2 (5.0) -
Jualah 24 8 1 - - 3.0 8.0 - -
Total 430 104 24 5 2 4.1 4.3 4.8 2.5
B.
Number of summits on ridges
of order Averages per ridge
1 2 3 4 5 1 2 3 4 5
A1 Ghinah 62 16 6 1 1 1.3 1.2 1.5 0.5 1.0
Al Howsa 380 99 56 39 5 1.4 1.6 4.0 (13.0)5.0
Wailah 124 55 12 9 - 1.4 2.6 2.4 (9.0) -
Jualah 35 7 5 - - 1.5 0.9 5.0 - -
Total 601 177 79 49 6 1.4 1.7 3.3 9.8 3.0




Table 3.5
A.
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Ridge order in British Columbia and Gwynedd

Number of Ridges of

order ‘Ratios
1 2 3 4 1/2 2/3 3/4

Camelsfoot-Black

Dome-Shulaps-Rex 45 10 2 1* 4.5 5 (2)
Tyax-Gun 23 4 1* 5.75 (4)
Bendor-Mission 48 13 4 1* 3.69 3.25 (4)
Gwynedd 64 14 3 1 4.6 4.7 3.0
B.

Number of summits on

1

ridges of order

2 3 4

Averages per ridge

2 3 4

Camelsfoot-Black
Dome-Shulaps-Rex

Tyax-Gun
Bendor-Mission

Gwynedd

77
38
88
87

19 15 12
12 4 -
32 27 17
23 27 9

1.71
1.65
1.83
1.4

1.90 7.5 (12)
3.00 (4.00)

2.46 6.75 (17)
1.6 9.0 9.0

*Truncated at edge of mountain Block : Ridge continues with same order
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CHAPTER 4

RELIEF ANALYSIS OF THANIYAT TURAYF AREA,
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CHAPTER 4

4. Relief Analysis of Thaniyat Turayf area

4.1 Relief

Although a relief map usually means a map showing the elevations
and depressions of the terrain surface, the term relief, in this study,
does not imply the absolute altitude above sea-level, but is defined as
the difference in elevation between the highest and the lowest points
within a specified area. This is what Smith (1935) regards as the
"local relief" or the "relative relief" of an area.

Several studies of terrain analysis based on this concept of
relief have been carried out and they differAmainly in the choice of
the area over which the elevation data for the highest point and the
Towest points are collected. Evans (19720)used a 1 sq. km areal
interval, Chen (1947) also started from 1 sq. km area, Smith (1935)
‘used a 25 sq. km areal unit, while to cover the whole U.S.A. Hammond
(1964) used the large area of 90 sq. km.

The choice of an appropriate areal unit over which the relief data
are collected is important and should conform to the topography of the
terrain under study. In general, hilly areas require a small area to
correctly capture the surface characteristics, while a larger area may
be satisfactory for plain areas.

The major objective here is to analyse the relief of the same area

in Saudi Arabia by using different areal units for collecting the

relief data.
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4,2 Relief Data Collection

Topographic maps of the Thaniyat Turayf area at 1:25,000 scale and
showing contours at 5 or 10 metre intervals were used for collecting
the relief data. These maps were photogrammetrically produced by the
U.S. Geological Survey in cooperation with the Ministry of Petroleum
and Mineral Resources of the Saudi Arabian Government.

Data for the highest and the lowest altitude points were collected
using 1 square kilometre areal units, which are represented by a 4 x 4
cm grid at this map scale. This was accomplished manually by
superimposing a 4 cm grid mesh over the map and by reading the highest
and the lowest altitude to the nearest metre value in each grid square,
based on visual interpolation between contours and aided by the spot
elevation information wherever available. Although necessary care was
exercised in extracting the interpolated altitude values, this

procedure cannot be regarded free from inadvertent human errors.

4.3 Relief Data Processing

The processing of the relief data was carried out, as in chapter
5, using the computer programs My9 (untransformed data) and Myl17
(transformed data) developed by Evans and Young for terrain analysis
based on altitude matrices. It should be pointed out that the highest
and the lowest altitude points can occur anywhere within each 1 km
square grid and, therefore, the data do not truly represent altitude
matrices. For this analysis, however, the altitude values are treated
as if they corresponded to a regular 1 km mesh. The resulting
histograms and computer maps essentially provide a generalised view of

the topography and should be interpreted in this light.
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From the above highest and the lowest point data, a second data
set was derived based on a 5 x 2 km square grid for interpolation of
the highest and the lowest altitude values using computer processing.
The successive 2 x 2 km square areas were obtained by stepping only 1
km in each cardinal direction, resulting in a 50 per cent overlap
between successive grid areas. Using this approach, although the
highest and the lowest altitude values are aggregated over a 4 sq. km
area (2 km in each direction), these values again represent a 1 km mesh
for computer processing by the My9 and Myl7 programs. The total
altitude data values of 2127 thus obtained are only slightly less than
the original 2265 altitude data points, which helps in comparing the
results obtained from the two data sets.

The computer processing resulted in the following four separate
outputs:

- analysis of the high points only

- analysis of the low points only

- analysis of the relief for 1 x 1 km squares
- analysis of the relief for 2 x 2 squares

The results are presented and discussed in the following section.

4.4 Altitude Results

The processing carried out separately for the matrices of the low
points and the high points shows that the lowest altitude varies from
632 m to 1000 m with mean value of 751 m and standard deviation of 77 m
(Table 4.1). The highest altitude ranges between 639 m and 1039 m, has
a mean value of 790 m and standard deviation of 91 m (Table 4.2). This
jndicates somewhat larger variation in the summit heights as compared

with the valley heights. For the Tow points, the skewness is 0.98 and

the kurtosis positive at 0.42, while for the high points the skewness



Table 4.1

LOWEST POINTS PER 1 x 1 KM2, THANIYAT TURAYF LOW TURAYF + FAJR, SAUDI ARABIA NO OF ROWS = 83
No OF ROWS = 83 CURVATURES PROFC = 2/PI* ARCTAN (PROFC * :22.0) PLANC = 2/PI*ARCTAN
R (PLANC*0,1370)
STATISTICS FOR 2265 POINTS WITH NON ZERO GRADIENT GRADIENT TRANSFORMED TO SQUARE ROOT OF SINE OF GRADIENT
STATISTICS FOR 2265 POINTS WITH NON ZERO GRADIENT
EST.ALT GRADIENT PROFC PLANC EST.ALT GRADIENT PROFC PLANC
MEAN 750.912 0.604 -0.003 0.262 MEAN 750.912 0.098 -0.052 0.006
SDEV 76.981 0.440 0.060 7.843 SDEV 76.981 0.031 0.354 0.299
SKEW 0.982 3.481 0.564 1.520 SKEW 0.982 1.318 0.342 0.186
KURT 0.419 19.860 24,510 203.628 KURT 0.419 4,556 0.169 0.143
MAX 999,444 4.779 0.579 147.756 MAX 999, 444 0.289 0.950 0.969
MIN 631.667 0.021 -0.530 -168.688 MIN 631.667 0.019 -0.945 -0.972
VECTOR MEAN ASPECT ANGLE 55.461 VECTOR MEANS MODULO 360 180 90
VECTOR STRENGTH (PROPORTION) 0.530 VECTOR MEAN ASPECT ANGLE 55.461  39.483 47.292
GRADIENT WEIGHTED VECTOR MEAN ASPECT ANGLE 68.044 VECTOR STRENGTH (PROPORTION) 0.530 0.315 0.118
GRADIENT WEIGHTED VECTOR STRENGTH (PROPORTION) 0.415 GRADIENT WERGHTED VECTOR MEAN
ASPECT ANGLE 68.044  30.564 50.412

GRADIENT WEIGHTED VECTOR
STRENGTH (PROPORTION) 0.415 0.297 0.082

CORRELATION COEFFS CORRELATION COEFFS

EST.ALT GRADIENT PROFC PLANC EST.ALT GRADIENT PROFC PLANC
EST.ALT 1.000 0.405 0.194 0.059 EST.ALT 1.000 0.452 0.193 0.064
GRADIENT 0.405 1.000 -0.064 0.028 GRADIENT  0.452 1.000 -0.050 0.091
PROFC 0.194 -0.064 1.000 0.133 PROFC 0.193 -0.050 1.000 0.267
PLANC 0.059 0.028 0.133 1.000 PLANC 0.064 0.091 0.267 1.000

CORREL OF GRADIENT WITH ABS CURV 0.494 -0.171

99



Table 4.2

HIGH POINTS PER KM2, TURAYFF + FAJR TURAYF + FAJR, SAUDI ARABIA, HIGHEST POINTS PER 1 x 1 km square
No OF ROWS = 83 CURVATURES PROFC = 2/PI* ARCTAN (PROFC *7.8450) PLANC = 2/PI*ARCTAN
’ No of ROWS = 83 (PLANC*0.1270)
STATISTICS FOR 2265 POINTS WITH NON ZERO GRADIENT GRADIENT TRANSFORMED TO SQUARE ROOT OF SINE OF GRADIENT

STATISTICS FOR 2265 POINTS WITH NON ZERO GRADIENT

EST.ALT GRADIENT PROFC PLANC EST.ALT GRADIENT PROFC PLANC
MEAN 789.578 0.831 -0.001 -0.257 MEAN 789.578 0.113 -0.006 0.005
SDEV 91.202 0.676 0.108 11.137 SIEV 91.202 0.042 0.327 0.335
SKEW 0.678 2.657 0.376 -11.015 SKEW 0.678 1.104 0.066 -0.139
KURT =0.275 10.442 8.066 289.888 KURT -0.275 2,297 -0.000 0.000
MAX 1038.555 5.445 0.723 96.256 MAX 1038.555 0.308 0.889 0.948
MIN 639.000 0.014 -0.700 -309.392 MIN 639.000 0.015 -0.885 -0.984
VECTOR MEAN ASPECT ANGLE 55.135 VECTOR MEANS MODULO 360 180 90
VECTOR STRENGTH (PROPORTION) 0.473 VECTOR MEAN ASPECT ANGLE 55.135 37.116 47.815
GRADIENT WEIGHTED VECTOR MEAN ASPECT ANGLE 70.576 VECTOR STRENGTH (PROPORTION) 0.473 0.339 0.091
GRADIENT WEIGHTED VECTOR STRENGTH (PROPORTION) 0.360 GRADIENT WEIGHTED VECTOR MEAN
ASPECT ANGLE 70.576  27.241 64.671

GRADIENT WEIGHTED VECTOR
STRENGIH (PROPORTION) 0.360 0.321 0.037

CORRELATION COEFFS CORRELATION COEFFS

EST.ALT GRADIENT PROFC PLANC EST.ALT GRADIENT PROFC PLANC
EST.ALT 1.000 0.188 0.222 0.056 EST.ALT 1.000 0.214 0.229 0.097
GRADIENT 0.188 1.000 -0.008 0.050 GRADIENT 0.214 1.000 ~0.015 0.062
PROFC 0.222 -0.008 1.000 0.083 PROFC 0.229 -0.015 1.000 0.212
PLANC 0.056 0.050 0.083 1.000 PLANC 0.097 0.062 0.212 1.000

CORREL OF GRADIENT WITH ABS CURV 0.532 -0.296

L9
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and kurtosis are 0.68 and -0.28, respectively. An inspection of the
map of the highest points (Figure 4.1) and that of the lowest points
(Figure 4.2) shows remarkable similarity in the visual information
conveyed about the topography of the area.

The term gradient in this case no longer represents the usual
concept of the terrain surface slope, but is the rate of change in the
successive values for the highest and the lowest altitudes. For the
| Tow points, the gradient varies from 0.02° to 4.78° with a mean of
0.60° and standard deviation of 0.44°, Similar variation in the
gradient for high points is from 0.01° to 5.44°, a mean value of 0.83°
and standard deviation of 0.68°. Such a similarity in the gradient
values is to be expected for a regularly sloping terrain. Comparedwith
the mean value of the gradient, the corresponding standard deviation
appears to be high. This is perhaps partly due to the fact that the
gradient values are being computed by assuming a regular grid interval
of 1 km between data points, while actually the highest and the lowest
points occur at variab]e spacing.

The skewness in gradient of 3.48 for low points and 2.66 for high
points is due to tails of high gradient values in both cases, and
consequently . is reflected in high positive kurtosis of 19.86 and
10.44. The high gradient values were checked and found to be real,
occurring near the western end of the escarpment located south of Wadi
Turayf. The scatter plots show that for both the lowest and the
highest points, the steepest slopes face south, though most slopes face
north-east.

Profile and plan convexity both have very high kurtosis (long
tails of very high and very low values) and it is best to consider the

results after arctangent transformation. The arbitrary k value in
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this transformation was iterated to produce near-zero kurtosis. This
succeeded in producing symmetrical distributions, which were similar
for high points and for low points. On the transformed scale their
standard deviations are 0.35 and 0.33 for profile convexity for the low
and the high points, respectively.. The corresponding standard
deviations of plan convexity are 0.30 and 0.34. The profile and plan
convexity are skewed to +0.34 and +0.19, respectively for the low
points. The skewness values in the profile and plan convexity for the
high points are +0.07 and -0.14 respectively. Table 4.3 shows that
profile convexity obtained for Thaniyat Turayf Tow points has more
concavity than convexity. In the range 0.01 to 1.00 there are 1331
concavities compared with 868 convexities. This trend applies even for
other ranges and for the range 0.01 to 0.71, there are 1283 concavities
and 794 convexities, and for the range 0.01 to 0.31, the corresponding
numbers are 846 and 521 respectively. The profile convexity results
for the high points display greater balance between the concavities and
the convexities which number 1165 and 1015 respectively for the range
from 0.01 to 1.00. .The corresponding figures for the range 0.01 to
0.71 are 1128 and 973 and, for the range 0.01 to 0.31, the numbers are
801 to 635 respectively.

In plan convexity, there is a more consistent balance between
total convexity and concavity for both low and high point data for
Thaniyat Turayf. For the range 0.01 to 0.31, the concavities number
845 to 707 convexities for the low points and 667 concavities to 768
convexities for the high points. The corresponding numbers for the

range from 0.01 to 0.71 are 1114 to 1033 for the low points and 990 to

1124 for the high points.
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Table 4.3
Range + Profile Convexity- + Plan Convexity-
Low 0.91 to 1.00 9 10 3 2
0.81 0.91 32 16 10 3
0.71 0.81 32 22 20 13
0.61 0.7 46 63 33 21
0.51 0.61 40 107 57 48
0.41 0.51 84 118 89 79
0.31 0.4 103 149 147 121
0.21 0.31 116 219 157 217
0.1 0.21 143 318 270 322
0.01 0.1 262 309 280 306
868 1331 1066 N
+0.01 to -0.01 66 67
over all total 2265 2265
High 0.91 1.00 0 0 4 0
0.81] 0.91 15 10 9 20
0.7 0.81 27 27 29 26
0.61 0.71 40 59 40 51
0.51 0.61 76 64 58 72
0.4 0.51 86 90 118 78
0.31 0.41 136 114 140 122
0.21 0.31 156 181 194 159
0.1 0.21 211 256 249 261
0.01 0.11 268 364 325 247
;BTE 1165 1166 1042
+0.01 to -0.01 85 57
over all total 2265 2265




73

4.5 Discussion of results of Relief

Relief, measured as the difference between the highest and the
lowest points falling in 1 x 1 km square areas for the Thaniyat Turayf
study.area,is shown in Figure 4.3. The value of the relief ranges from
‘a minimum of 0.1 m to 201.9 m, with mean relief value of 38.7 m and
standard deviation of 26.0 m (Table 4.4 and Figure 4.7). The lowest
relief ranging from 0 to 7 m occurs in the northeast and south of the
escarpment located south of Wadi Turayf. The highest relief values
exceeding 71 m fall around Wadi Turayf, Jabal Wailah and around Wadi Al
Ginah. Jabal Al Howsa located in the middle of the study area has
moderate relief.

In general, the relief in the Thaniyat Turayf area is low with a
mean value of 38.7 m. Although for such a generally low relief area,
the standard deviation in relief of 26.0 m appears to be high, this
result is to be expected when compared with the standard deviation of
91 m for the highest altitude points and 77 m for the lowest points.
Visual comparison of the maps showing distribution of the highest
points and the lowest points (Figs. 4.1 and 4.2) with the relief
distribution in Figure 4.3 indicates that all three maps succeed in
capturing similar topographic patterns in the study area. However, the
numbers generated through the computer processing are most meaningful
in the case of relief data.

The map of relief gradient for Thaniyat Turayf is shown in Figure
4.4 and its histogram in Figure 4.8. The gradient, in this case,
represents the rate of change in relief, but is still expressed in
degrees. The gradient varies from a maximum of 4.82° to the minimum of
0.01° with a mean value of 0.55° and standard deviation of 0.58°.

These gradient figures represent a relief change of 84.3m, 0.2m, 9.6m
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Table 4.4
RELIEF PER 1 x 1 KM2, TURAYFF + FAJR
NO OF ROWS = 83

STATISTICS FOR 2264 POINTS WITH NON ZERO GRADIENT

EST.ALT GRADIENT PROFC PLANC

MEAN 38,680 0.547 -0.005 0.687
SDEV : 25,979 0.581 0.118 19,498
SKEW 1,520 2.%42 1.231 3.720
KURT 4,307 11,294 13,673 82,138
MAX 201.889 4,821 1,178 325,990
MIN 0.111 0,010 -0.641 -213,799
VECTOR MEAN ASPECT ANGLE 60.126

VECTOR STRENGTH (PROPORTION) 0.106

GRADIENT WEIGHTED VECTOR MEAN ASPECT ANGLE 6.465

GRADIENT WEIGHTED VECTOR STRENGTH (PROPORTION) 0,091

CORRELATION COEFFS

EST.ALT GRADIENT PROFC PLANC
EST.ALT. 1.000 0.469 0.470 0.202
GRADIENT 0.469 1.000 -0.115 -0.001
PROFC 0.470 -0.115 1.000 0.098

PLANC 0,202 -0.001 0.098 1.000
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and 10.1m in a distance of 1 km respectively. It is seen that neither
the maximum relief gradient of 84.3m per km nor the minimum gradient of
0.2m per km are representative of Thaniyat Turayf area. However, the
average relief gradient of 9.6m per km is quite consistent with the
average low relief of the area.

The standard deviation of 10.0m per km for the computed values of
the relijef gradient is even a bit higher than the average relief value
of 9.6m per km. It should normally indicate a high level of terrain
dissection, but for the study area, it ~results partly from the
discontinuities in the terrain in the south-west. It is not clear
whether the skewness and the kurtosis in the relief gradient convey any
meaningful information about the terrain; they are perhaps relevant
ﬁarameters for the comparison of relief of different areas.

The most concave zones (dots) on the map of profile convexity
(Fig. 4.5) delineate the areas of greatest change in relief shaded dark
in Fig. 4.4, Otherwise both this and the map of plan convexity (Fig.
4.6) emphasiselocal detail, giving a near-random pattern about which it

is very difficult to generalise.

4.6 Relief Maps based on 2 x 2 km Data

Since relief is the difference between the highest and the lowest
altitude over a given area, it is logical to expect that an increase in
the unit area over which relief is determined would numerically
increase the value of relief. This is borne out by the results of
relief analysis of the same Thaniyat Turayf area when a 2 x 2 km square
area is used for calculating relief.

The maximum relief value is 227.2m (Table 4.5) as compared with
201.9m for the earlier 1 x 1 km square case. The mean relief value

increases markedly from 38.7 m for 1 km squares to 59.5 m for 2 km
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Table 4.5

RELIEF PER 2 x 2 KM2, TURAYFF + FAJR

NO OF ROWS = 82

80

STATISTICS FOR 2127 POINTS WITH NON ZERO GRADIENT

SDEV

SKEW

KURT

MAX

MIN

VECTOR MEAN ASPECT ANGLE
VECTOR STRENGTH (PROPORTION)
GRADIENT WEIGHTED VECTOR MEAN ASPECT ANGLE

GRADIENT WEIGHTED VECTOR STRENGTH (PROPORTION)

CORRELATION COE

EST.ALT

GRADIENT

PROFC

PLANC

EST.ALT

59.505

33.951

1.340

3.127

227.222

3.667

FFS

EST.ALT

1.000

0.482

0.466

0.151

GRADIENT

0.649

0.679

2.681

9.409

5.377

0.010

41.022
0.120

GRADIENT

0.482

1.000

0.004

~0.007

PROFC

~0.003

0.121

0.461

8.686

0.778

-0.648

82.543
0.097

PROFC

0.466

0.004

1.000

0.096

PLANC

0.593

15.109

3.501

70.514

276.732

~145.129

PLANC

0.151

-0.007

0.0%96

1.000
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Fig. 4-8
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squares, with a corresponding increase in the standard deviation from
26.0m to 34.0 m. Since both sets of relief data pertain to the same
terrain surface, they convincingly demonstrate that such a relief
analysis is strongly dependent on the choice of the areal unit for
determining relijef.

A comparison of the 2 x 2 km relief map shown in Figure 4.9
with that in Figure 4.3 shows strong similarity, the major difference
being in the numerical scale only. Therefore, although the numerical
value for relief changes, the larger data collection interval captures
the same attribute of land form.

In the same logical context, gradient should be expected to be
less dependent on the data collection interval since the relief
gradient is derived from the change in the relief (Fig. 4.10). A
comparison of the results is made in Table 4.6 and supports this view.

The results of the relief data analysis for the Thaniyat Turayf
area show that relief gradient is a relatively more stable terrain
characteristic, as compared with relief. The relief gradient is
dependent on and representative of the relief, as is indicated by the
correlations of 40.47 for 1 km squares and +0.48 for 2 km squares.

Since relief is derived from the extreme values, it is necessarily
tied to the definition of the area over which relief is measured. It
is, therefore, not a stable geomorphological parameter. Evans (1972a)
suggests that relief, defined as dispersion in altitude, should
preferably be measured with the standard deviation in altitude which
appears to be stable over large areas.

Even profile convexity, defined as the rate of change of relief
gradient, demonstrates stability similar to the gradient when the area
for relief is changed from 1 x 1 km square to 2 x 2 km square (see

Table 4.6). The mean value for the profile convexity, however, is
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Table 4.6 Results of Relief Analysis

No. Parameter ' 1 x 1 km2 2 x 2 km?

1. Reljef (m) :

Maximum 201.9 227.2
Minimum 0.1 3.7
Mean 38.7 59.5
Standard Deviation 26.0 34.0
2. Gradient (Degrees) :
Maximum 4.82 5.38
Minimum 0.01 0.01
Mean 0.55 0.65
Standard Deviation 0.58 0.68
Correlation with Relief 0.47 0.48
3. Profile C :
Maximum 1.18 0.78
Minimum -0.64 - 0.65
Mean -0.005. - 0.003
Standard Deviation 0.12 0.12
Correlation with Relief 0.47 0.47
4, Plan C :
Maximum 326.0 276.7
Minimum -213.8 -145.1
Mean 0.69 0.60
Standard Deviation 19.5 15.1

Correlation with Relief 0.20 0.15
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approaching zero in either case, resulting from the significant
generalisation that has taken place. Neither profile convexity nor
plan convexity provide an easily interpretable measure for the relief
of the area, in spite of the significantly strong correlation of the

profile convexity with the relief.
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CHAPTER 5

WADI UMM AL ARTA AUTOMATED
MORPHOMETRIC ANALYSIS OF SLOPES AND
CONVEXITIES
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CHAPTER 5

Wadi Umm Alarta automated morphometric analysis
of slopes and convexities

5. Integrated morphometric analysis of wadi Umm Alarta

5.1 Area location

Wadi Umm Alarta is situated in the middle of the Thaniyat Turayf
area which lies near the north western corner of the Kingdom of Saudi
Arabia. The study area is 10 km along each cardinal direction
covering a longitude range from approximafe1y 37°52'58" to 37°59'13"

east and a latitude range from 29°45'10" to 29°50'36" north as shown

in Figure 5.1,

The major topographic features ih this area include a high
plateau in the south west corner, dissected by two wadis running in
a northerly to north-easterly direﬁtion which is also the general
direction of the terrain slopes. The larger of the two wadis is the

wadi Umm Alarta after which the area has been named.

5.2 Altitude data collection

A topographic map of the area at 1:25,000 scale with 10 metres
contour interval was available. This map sheet was prepared in 1969,
using photogrammetric methods, from 1966 aerial photography by the
U.S. Geological Survey under the sponsorship of the Ministry of
Petroleum and Mineral Resources, Kihgdom of Saudi Arabia. Besides
depicting the contours, the map was printed against an orthophoto

background, thus highlighting the mountainous features and drainage lines.

Evans (1980) shggestéd that analysis of an altitude matrix of appropriate
grid mesh might provide useful backgrodnd information for most
geomorphic field studies. A 100-metre grid mesh was chosen to collect

altitude data in accordance with the map scale and the nature of the
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terrain. A 1-km grid lattice was first drawn over the map sheet by
Joining the U.T.M. grid ticks, 1000 metres apart, along the opposite
edges. A 4 mm grid was then constructed on a transparent base and

was used to read the altitude value at each 100 metre (4 mm on map
scale) grid intersection, by Tinear interpolation to the nearest

metre between the 10-metre contour lines. This process was quite
tedious and was made even more difficult by the brown orthophoto
background against which the brown contour lines had to be interpreted.
In spite of exercising a lot of care in the reading and transcribing
of the altitude data from the map sheet, the presence of errors

or mistakes in this manual operation is quite possible.

5.3 Data Processing

The altitude data for 101 x 101 points was processed at the
University of Durham Computer Centre using the integrated terrain
éna1ysis programs developed by Young (1978) and Evans (1979).
Derivatives cannot be calculated for peripheral data points. Results for
the remaining 9,801 points (none with zero gradient) were output in
the form of statistical summaries, histograms and computer-generated
graphic displays for computed altitude, gradient, aspect, profile

convexity and plan convexity.

5.4 Discussion of results

5.4.1 Computed altitude

The altitude histogram (Fig. 5.2) shows a range from 756 to
959 metres, with a mean altitude of 855 m, 852 m as the median and a
mode of 850 m. These values, combined with a lack of any significant
skew, are indicative of a fairly reqularly sloping terrain as seen

in Figure 5.3. This map shows that the mountains are mainly located
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in the southwest and the lowlands in the northeast. The standard

deviation is 39.qhand kurtosis -0.55.
5.4.2 Gradient

Gradient is the maximum rate of change of altitude in degrees
and ranges between 0.0 and 90°. For Alarta, the untransformed values
of gradient range from a minimum of 0.1° to a maximum of 12.9° , with
a mean of 2.67° and standard deviation of 1.55°. The skewness of the

gradient is +0.99 and the kurtosis is 1.37.

The histogram of the gradient (Fig.5.4) has a skewed shape
because most of the gradients in Wadi Umm Alarta are low, but a few
gradients are moderately steep. The square root of sine transformation
reduces the skewness to +0.18, which is quite expected as the gradient
values are much closer to the lower limit of zero than to the upper

limit of 90 degrees.

The map shown in Figure 5.5 provides a visual display of the
gradient distribution and shows that the gradients are steepest in
the southeast, in the west and along the sides of the valleys. This
correlates well with the orthophotographic background of the topographic
map sheet. Both the main wadis, and particularly the Wadi Umm Alarta,

are easily distinguishable in Figure 5.5, The strongest correlation in
Table 5.1 is between gradient and altitude, but it is only 0.22.

For comparison, some measurements were made directly from the
map. The greatest fall in 100 m is 35 m, giving a slope of arctan
(0.35) = 19.3°. This is compatible with the matrix results, since

the quadratics fitted to the matrix provide some smoothing.
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. NO. OF ROWS= 101
Table 5.1 CURVATURES  PROFC=2/P!+ARCTAN(PROFC+®.1872) PLANC=2/P1+ARCTAN(PLANC+0.00¢
) ) GRADIENT TRANSFORMED TO SQUARE ROOT OF SINE OF GRADIENT
WADI UMM ALARTA, Soudi Arabia
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KURT -0.547 1.367 2.874 32.465 KURT -0.547 -0.193 9.000 -0.001
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5.4.3 Aspect

Aspect is the compass direction of maximum gradient and'ranges
between 0.0 and 360°. The histogram of aspect (Fig.5.6) indicates
that the slopes are mainly facing in northerly and northeasterly
directions, and few slopes face southwest. This conforms to the
direction of flow of the wadis. The map in Figure 5.7 also shows
a pattern of topography where the ridges and valleys trend toward
the northeast, with a predominance of north easterly slopes. When
seen together with the gradient map (Fig. 5.5), it is also apparent

that the steepest slopes face east-northeast (0 71°).

Vector analysis shows a resultant of 27-29% to the northeast,

with no lineation or tendency to four equal-spaced modes (Table 5.1).

5.4.4 Profile convexity

The results of profile convexity lie between 20.9 maximum
and -14.8 minimum degrees/100 metres, with a negative mean of
-0.31 /100m. The standard deviation is 2.990/100m and skewness fs
0.70. A maximum of 0.84 and -0.78 minimum after transformation are
accompanied by a mean of -0.04, standard deviation +0.28 and skewness
+0.38. The histogram of profile convexity has a symmetrical shape
(Fig.5.8). Table 5.2 shows that between the range of 0.01 to
0.61 the concavities are more numerous than the convexities,
with 5,676 and 3,528 respectively. That means the area has much
gentla concavity. 182 convexity values are in the range of 0.61
to 0.91, compared with 76 concavities. This suggests a surface

largely concave in profile, with some sharper convexities.
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5.4.5 Plan convexity

The map of plan convexity shows the ridges (black) and valleys
(dotted) very clearly (Fig.5.10). The histogram of plan convexity has
a classic symmetrical distribution (Fig.5.11) with a sharp peak at
0.00 and the tails are also equal. After the arctangent transformation,
plan convexity has a maximum of +0.96 and minimum -0.96, with a
mean of +0.01, which is as close to zero as may be expected. The
skewness is only -0.05 and standard deviation +0.34. Without
transformation the standard deviation is 1270/100m, the mean 1.050/100m
and skewness is 0.38. Table 5.2 shows there are 3844 convexities compared
with 3441 concavities in the range 0.01 to 0.41, while in the range 0.51
to 0.81 there are 645 concavities compared with 587 convexities. Thus in
plan, convexity is rather more common than concavity, but the imbalance
is not great. Ridges are slightly broader (more rounded) than valleys.

The strongest correlation is +0.24 between profile convexity and plan

convexity (Table 5.2).

Table 5.2 : = Summarised frequency distributions of convexity for Wadiumm
Alarta. Numbers of convexities (+) and concavities (-) are
juxtaposed, for each magnitude range
Range Profi]e convexity flan convexity

0.91 to 1.00 0 0 17 10
0.81 to 0.91 3 0 64 60
0.71 to 0.81 35 10 118 131
0.61 to 0.7 144 66 198 238
0.51 to 0.61 227 251 273 276
0.41 to 0.51 301 449 415 375
0.31 to 0.4 445 758 589 575
0.21 to 0.31 ‘ 582 LOS] 830 737
0.11 to 0.21 798 1452 1063 945
0.01 to 0.1 1192 1715 1365 1184
3727 5752 4932 4531

+0.01 to -0.01 322 338

Overall total 9801 9801
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Comparisons may be made with two areas studied by Evans by the
same method as Wadi Umm Alarta in two different areas and topography.
Keary is 5 x 5 km in the Bendor Range in British Columbia. A 100 m
grid mesh was used to collect the altitude values, as for Wadi Umm
Alarta. Its area is smaller than Wadi Umm Alarta but it has a
maximum altitude of 2597 m, which is higher than Umm Alarta. Statistics
for 2304 altitude points in Keary show the mean of altitude is
1648 m and the minimum 592 m. Standard deviation is 429 m, compared
with only 39 m in Umnm Alarta. Kurtosis and skewness are both
negative, -0.40 and -0.38 respectively : the distribution is skewed
further (-1.00; kurtosis +0.68) by square root of sine transformation.
The gradient mean is +0.71 on the square root of sine scale and

standard deviation is +0.134.

Its altitude map shows the high land is in the south west and
slope to northeast, like Wadi Umm Alarta. The untransformed profile

convexity for Wadi Umm Alarta is skewed but the Keary histogram is not.

Ferro is a fluvially very dissected basin in north Calabria,
Italy around 16 22'E and 39°59'N. Its dimensions are 12.8 x 22.2 km.
This region has no summit plateaux, but it has a broad range of
altitude between a maximum of 1147 m and minimum of 7.78 m, with a
mean of 445m, and median of 431 m. It has a relatively low standard
deviation, 211.5 m. Frequency distributions of altitude and gradient
are almost unskewed. This area has moderate and steep slopes,
with variation in gradient between a maximum of 0.76 and a minimum of 0.13

(or 0.0 on parts of the flood plain) both facing north, with a mean

of 0.46.

The correlation between altitude and gradient is strong at

+0.45. The aspect map shows c]eérly the ridges and valleys, when the
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CHAPTER 6

Conclusion

6.1 General Remarks

As pointed out in Chapter 1, the primary objective of this study
was to use computer-based techniques for the terrain analysis of an
area representative of the arid terrain in Saudi Arabia. Although the
Thaniyat Turayf study area was chosen mainly due to the availability of
topographic maps of the area, it turned out to be an appropriate choice
as it offers a variety of landforms.

The geomorphological analysis of the study area was carried out by
a manual method of summit analysis presented in Chapter 3, as well as
by using a partly computer-based approach of relief analysis which is
outlined in Chapter 4. The discussion of the results will focus on a
comparison of the two techniques, to assess how successfully the
various quantitative terrain parameters evaluated capture the terrain
characteristics. In addition, it should be of interest to determine
the correlation, if any, which may be apparent between the results
obtained for the same area by using different techniques.

The results presented in Chapter 5 are based on a computer
analysis of Al-Arta valley area which is a 10 x 10 km subset of the
total Thaniyat Turayf area. This analysis, however, was carried out by
collecting elevation data at 100 m grid interval which is 1/10th of the
1 km interval used for the relief analysis of Thaniyat Turayf area.

The discussion, in comparﬁng these two sets of results, will focus on
the effect of varying grid interval and on the correlation, if any,
that may be apparent between the results obtained for part of the area,

with those resulting from analysis of the total area.
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Such comparative evaluation of the different analytical approaches
should provide useful guidelines for the practical application of

different techniques used for geomorphometric terrain analysis.

6.2 Comparison of Summit Analysis with Relief Analysis

The techniques used for the summit analysis and the relief
analysis are somewhat similar because both do not depend on the
measurement of absolute altitude above sea level, but instead, are
based on height defined in relation to the adjacent land surface. But
the similarity ends here and even tée definition of relative height
varies in the two methods.

Summit mapping requires very tedious delineation of the ridge
lines and location of the summits. For this study summits were defined
to be points with at least two closed contours. For the 10 m contour
interval of the maps used, this represented an average relative height
of 20 metres. Consequently, the number of summits included is directly
dependent on the number of closed contours defining the summit and the
contour interval. Obviously, with a 5 m contour interval, summits
would have been more numerous.

The number of summits and the ridge length will also increase with
the areal extent of a mountain block. 867 km of ridge length is
measured for Al-Howsa block against the total of 1348 km for the total
area (Table 3.1). Of the total 912 summits in the Thaniyat Turayf
area, 579 fall in Al Howsa block. The summit density expressed as the
number of summits per square km may be used for comparing different
areas, as done by Evans (1972b)ybut instead the statistic for summit
density used in this study is the number of sumits per km of ridge
length. Although the summit density varies between 0.38 (Block B) and

0.93 (Block D) of Al-Howsa mountain block, the average for the entire



mountain block is 0.67 which is the same as for the total Thaniyat
Turayf study area.

The closure intensity in m/kmywhich is derived by dividing the
total summit height in metres (number of contour closures multiplied by
the contour interval) by the ridge length in km,is a measure of
gradient along ridges, except that summits below the (20 m) threshold
are excluded. For the Al-Howsa mountain block it ranges in value from
a minimum of 8.52 m/km (Block B) to a maximum of 24.28 m/km (Block D).
The average for the Al-Howsa mountain block is 16.32 m/km which is
almost the same as 16.80 m/km for the entire Thaniyat Turayf study
area. There is a strong correlation between the summit density and the
closure intensity for the entire area. This is because the average
summit height varies only slightly from the Towest, 22.34 m for Jabal
Jualah, to the highest, 26.95 m for Jabal Wailah, with an average of
24.85 m for the entire study area. This is to be expected since 658
summits out of a total of 912 have just two closed contours (Table
3.2). Thus the average summit height does not correctly convey the
variability in the landform of the study area. It is easy to see that
any change in the definition of summit or contour interval will not
cause a large change in the closure intensity, which is, therefore, not
only the most stable parameter resulting from summit analysis, but also
the most meaningful for comparing different areas.

Relief, as defined in this study, is the difference in height
between the highest and the lowest altitude points within a 1 x 1 km
grid spacing. Although the highest and the lowest points were
interpolated manually from the 1:25,000 scale topographic maps of the
study area, such relief data could be extracted through automated
processing of a digital elevation model of the area. The distribution

of relief as shown in Figure 4.3 provides a more easily interpretable
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view of the terrain than can be obtained from the ridges and summits
map of Figure 3.1 or the ridge order map of Figure 3.9. It shows that
the higher relief occurs primarily in the Jabal Wailah block and block
D of Al-Howsa mountain block where the closure intensity was also the
highest while the lowest relief mostly falls in the Jabal Jualah block
and in block B of Al-Howsa mountain block, which has the lowest closure
intensity.

As stated earlier, the closure intensity is the only stable and
meaningful statistic obtained from the summit analysis. A comparison
with the relief analysis confirms that both these parameters represent
quite similar character{stics of the land form. The average closure
intensity of 16.8 m/km for Thaniyat Turayf area (Table 3.1) represents
an average ridge slope of 0.96°. A mean relief value of 38.7 m for a 1
x 1 km grid for the same area (Table 4.4) on the other hand would
translate into a surface slope of 2.2°. But it should be kept in mind
that while 0.96° is the slope along the ridge line, the slope of 2.2°
derived from the relief can occur in any direction, and perhaps is more
likely to be in a direction across the ridgeline. The relief analysis
based on 2 x 2 km grid results in an average surface slope of 1.7°
(59.5 m in 2 km).

Just like average summit height, the average relief itself is not
a very useful statistic because the values may change with the grid
spacing. As shown in Table 4.6, the relief gradient i.e. the rate of
change in relief is not dependent on the grid spacing over which relief
is measured.

Heavy dissection of the terrain would mean an increase in the
number of summits in an area, which should also result in a higher
value for the relief gradient. This is supported by the data in Table

3.1 where the largest number of summits occurs in the Jabal Wailah
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block and in Al-Howsa Block C. The relief gradient map of Figure 4.4
also shows the highest values to be concentrated in these mountain

blocks.

6.3 Analysis of Wadi Umm Al Arta

Wadi Umm Al Arta area is 10 x 10 km and constitutes a small
portion of the central Thaniyat Turayf area (see Figure 5.1). Detailed
morphometric analysis of the area was carried out based on altitude
data extracted at a uniform grid interval of 100 metres, using computer
programs developed at the University of Durham. The results of this
analysis which are presented in Chapter 5 cannot be compared directly
with those obtained from the relief analysis of the entire Thaniyat
Turayf area (Chapter 4). However, the processing approach used for the
analysis of the altitude data of Umm Al Arta was also used for the
lowest point data, and separately for the highest point data of
Thaniyat Turayf. Such a comparison between the results of Umm Al Arta
with the lowest point analysis results of Thaniyat Turayf may be valid,
as long as it is kept in mind that Wadi Umm Al Arta area cannnot be
regarded as a true geomorphologic representative of the entire Thaniyat
Turayf area.

The altitude varies from 756 m to 959 m over Umm Al Arta area with
a mean altitude of 855 m. Compared with this the variation in altitude
over the entire Thaniyat Turayf area is from 631 m to 999 m with a mean
value of 751 m for the lowest points; and from 639 m to 1039 m with a
mean value of 790 m for the highest points. The standard deviation in
altitude of 39.5 m for Umn Al Arta is far smaller than the standard
deviation of 77.0 m for the lowest points or 91.2 m for the highest
points. This is obviously due to a much larger range in the altitude

data covering Thaniyat Turayf area.
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The gradient for Al Arta varies from a minimum of 0.1° to a
maximum of 12.9° with a mean value of 2.7° and standard deviation 1.6°.
Corresponding gradient values for the lowest point Thaniyat Turayf data
range from 0.02° to 4.8° with a mean of 0.6° and standard deviation
0.44°, This considerable decrease in the maximum and mean gradient
values for Thaniyat Turayf is to be expected because not only are
flatter areas included for Thaniyat Turayf, but also the gradient is
based on the lowest altitude values within successive grid squares 1 km
across. Both the type of the altitude data ELOQOL the large
spacing of 1 km assumed for successive data points havea considerable
smoothing effect on the calculated gradient.

A smoothing effect is equally noticable in the profile curvature
data. For Umnm Al Arta, profile convexity varies from -14.8° to +20.9°
per 100 m with a mean of -0.3° and standard deviation of 2.99°,
Corresponding values for lTowest point Thaniyat Turayf data are only
-0.53° to +0.58°, 0° and 0.06° per 100 m respectively. The plan
curvature values range from-}924° to+918° per 100 m with a mean of
1.0° and standard deviation of 127° for Umm Alarta, and -168° to +148°
with a mean of 0.3° and much lower standard deviation of 7.8° for the
lowest point Thaniyat Turayf data. Again, the large standard deviation
of 127.0° is indicative of the fact that the shorter grid interval of
100 metres used for Umm Al-Arta analysis has captured much more detail
in the contours. Although these comparisons are not entirely
appropriate, they do illustrate the great importance of scale (grid

mesh) in this type of geomorphometric analysis.
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6.4 Concluding Remarks

Three different methods have been successfully demonstrated in
this study of the geomorphology of arid desert terrain in north western
Saudi Arabia. Each of these methods is based on the collection of data
pertaining to some landform characteristic and then transformed into
more meaningful terrain characteristics to provide quantitative
representation of the geomorphologic character of the area.

The summit mapping approach, described in Chapter 3)is considered
the least satisfactory approach for analyzing the geomorphology. It is
essentially a manual data collection procedure and extremely tedious.
This method is suitable only for the analysis of an area covering an
entire mountain block, the 1imits of which cannot always be defined
using any standard criterion. As pointed out earlier, the only stable
and meaningful landform parameter resulting from this analysis is the
closure intensity, which represents the average ridge line gradient and
may be used to compare the geomorphology of two mountain blocks.

The approaches used for the altitude analysis of Wadi Umm Al Arta
in Chapter 5 and for relief analysis of Thaniyat Turayf area presented
in Chapter 4 are both dependent on altitude data interpolated from a
topographic map at some regular grid interval. Although a manual
procedure was used to extract the altitude data in this study,
techniques are now well-developed to generate digital elevation models
of any terrain surface of interest photogrammetrically through aerial
photography. Thus the entire process of altitude data collection as
well as processing can easily be automated.

Altitude above sea level, by itself, does not provide full
information about the landform as Evans (1972p)has so convincingly
pointed out; its derivatives such as gradientyaspect, profile convexity

and plan convexity together provide a complete and meaningful
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quantitative portrayal of the local land form. However, the spacing at
which the altitude data is captured should be dictated by the
topography. It should rarely be necessary to use grid spacing smaller
than 100 metres. In fact the digital photogrammetric technology
available today can provide very dense terrain elevation data. Once
captured, the data can be processed using any grid spacing commensurate
with the topography of the terrain.

There is no doubt that the relief is a far more informative
statistic than the altitude above the sea level. But the magnitude of
relief is dependent on the horizontal interval over which relief is
measured. For the same Thaniyat Turayf study area, the average relief
is 38.7 m for 1 x 1 km spacing and changes to 59.5 m when the grid
spacing is enlarged to 2 x 2 km (Table 4.6). So if two areas are to be
compared, then relief must be measured at the same grid spacing. The
derivatives of relief such as relief gradient and relief profile
convexity are relatively independent of the grid spacing used and are
more stable terrain parameters for comparison. The physical
significance of the plan convexity for relief is not very clear.

In conclusion, it may be stated that although each of the methods
demonstrated in this study can be used for the morphometric analysis of
tandform, the measurement of evenly spaced altitude data and the
computation of altitude derivatives - gradient, aspect, profile
convexity and plan convexity - provide the most complete and meaningful
information about the landform. The fact that this approach can easily
be adapted to the use of digital computeg for data capture, data
analysis as well as for graphical display of the computed results

should add further impetus to wider application of this approach.
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